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Registered Professional Engineer, on Ameren’s previous versions of its construction permit
application (CPA), and Ameren’s responses to the comments prepared by Andrews. The
comments by Andrews and subsequent responses by Ameren were referenced in the
supplemental testimony of Ameren’s witnesses, and are submitted herewith as Norris Schedules

S1-S5.

I also reviewed previously-filed testimony and schedules that are pertinent to
supplemental testimony by Tyler Gass related to contamination of groundwater by the existing
ash ponds, including Schedule LNJB-S13, filed with the pre-filed surrebuttal testimony by Lisa
Bradley. I also reviewed three of the references cited in Schedule LNJB-S13 -- the April 2012
Golder Associates report regarding temporary piezometers in bedrock near and above the
Labadie plant, and the laboratory analyses of the first two rounds of baseline sampling
performed in the monitoring system wells by Reitz & Jens, Inc., and Gredell Engineering
Resources, Inc, in April and August 2013, respectively. I also reviewed a summary of results of
the third round of baseline sampling performed in November 2013. Tables prepared by Lisa
Bradley summarizing the first three baseline sampling events are submitted herewith as Norris

Schedule Sé6.

Q. Have the opinions you stated in your prior testimony changed?

A. No.

Q. Are the opinions expressed in this testimony and your prior testimony based on a
reasonable degree of certainty based on your education, training, and experience as a

professional geologist specializing in hydrogeology and geochemistry?

A. Yes.

Exhibit 301 p.2
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Q. To the extent that you relied on any documents, including in forming your opinions,
do you consider such documents reasonably reliable and are those documents of the type

reasonably relied upon by experts in the area of hydrogeology?

A. Yes, With respect to the documents submitted or referenced by Ameren’s witnesses, I

relied on the data within those documents but not the discussions or conclusions.

Q. Did Andrews Engineering, Franklin County’s designated Independent Registered
Professional Engineer, raise concerns about Ameren’s groundwater detection monitoring

system?

A. Yes, among the concerns raised by Andrews were concerns about Ameren’s groundwater

detection monitoring system.

Q. What concerns did Andrews Engineering raise regarding Ameren’s groundwater

detection monitoring system?

A. Andrews’ concerns were based in part on the lack of sufficient information to design a
scientifically and technically sufficient monitoring system. Andrews identified two foundational
concerns with the proposed groundwater detection monitoring system. The first is that Ameren
based its groundwater monitoring system on data obtained during what Ameren perceived to be a
hydrogeologically atypical period. The second foundational concern was that the
characterization of the hydrogeology of the proposed site was insufficient for the design of an
adequate groundwater monitoring system. Andrews noted that the hydrogeologic
characterization of the site was limited to two dimensions (horizontal flow), but that an aquifer
needs characterization of flow in three dimensions, i.e., characterization of vertical as well as

horizontal flow. Part of the characterization for vertical flow requires geologic and
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10

11

12

13

14

15

16

17

18

19

20

21

22

Supplemental Testimony of
Charles H. Norris

hydrogeologic characterization of the aquifer from top to bottom and characterization of the rock

layer at the base of the aquifer, across the entirety of the site.

These two foundational concerns generated a number of derivative concerns regarding
the adequacy of the design for the groundwater monitoring system. Among those concerns were

the following:

(1) A good design derived of data from a period of atypical conditions will be adequate for
periods of comparable atypical conditions. Ameren did not demonstrate that the model it used

would be adequate for other conditions.

(2) Andrews raised the concern that site characterization was performed only sufficiently to
describe flow in a horizontal direction across the site Andrews recognized that for this aquifer
in this setting, it is highly unlikely there is only two-dimensional, horizontal flow and recognized
that potential impacts must be evaluated in all directions of flow. Andrews therefore proposed
five deep borings surrounding the proposed waste disposal area, each to be drilled into the
confining unit below the aquifer. The objective would be to characterize geologic and
hydrogeologic conditions through the thickness of the aquifer and at its base at representative

locations around the utility waste disposal area.

(3)  Andrews was also concerned that the proposed monitoring system was collecting
baseline water quality data only at the water table. Andrews recognized that for this aquifer at
this setting, water quality would likely vary vertically and horizontally. Therefore, baseline water
quality data must be collected throughout the aquifer, not just at the water table, to detect leakage
from the landfill to the groundwater. Andrews therefore recommended that five deep

characterization borings be completed as deep monitoring wells to establish baseline water
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quality at the bottom of the aquifer, to collect head data to determine background local vertical
gradients, and to serve as permanent wells in the monitoring system for head and water quality

data.

(4) Andrews was also concerned that many of the input parameters to the computer program
that was used in designing the monitoring system were generic or literature-based. Andrews
established through sensitivity studies that these parameters substantially impact the geometry of
any plume of utility waste leachate, and that using measurements taken specifically for this
aquifer at this site or nearby sites would yield a more meaningful groundwater monitoring
system. Where on-site or nearby hydrologic properties of the aquifer had not been measured,
Andrews recommended that aquifer sediments be collected from the additional characterization
borings. This would allow site-specific approximations of the properties to be calculated and
would allow site-specific inputs to the computer program, designing a more effective monitoring

system.

(5)  Andrews was also concerned that the computer program PLUME, which cannot take into
account vertical flow or vertical dispersion, was inappropriate for the design of an effective
monitoring system. However, until the additional characterization and data collection were
available to describe three-dimensional flow within the aquifer, Andrews could not recommend

an alternative computer program to assist with additional design for the monitoring system.

Andrews was also concerned that the implementation of the computer program PLUME was
flawed with respect to the use of hydrogeologic input parameters taken from literature; the input
choices for the size, geometry, and orientation of hypothetical liner failures creating a plume;

source term concentrations; and relevant plume boundary concentrations for determining an
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adequate number and placement of monitoring points for the monitoring system. To demonstrate
the sensitivity of the design by PLUME to variations of these inputs, Andrews used PLUME to
generate an alternative monitoring system, accepting hypothetically that flow and contaminant
migration are strictly two-dimensional. Andrews then recommended that, to appropriately

implement PLUME at this site, nine additional monitoring wells should be installed at the water

table.

Q. Do you have an opinion regarding the validity of Andrews’ concerns as summarized
above?

A. Yes. In my professional opinion, the concerns raised by Andrews are valid and
significant.

Q. Ameren subsequently made some changes to the monitoring system, as reflected in

the revised Construction Permit Application (CPA) submitted to DNR in December 2013.
To what extent do the changes in the monitoring system address the concerns raised by

Andrews Engineering?

A. The changes Ameren made to the monitoring system do not completely address any of

the concerns raised by Andrews, although they partially address some of the concerns.

Ameren eventually agreed to add three deep characterization wells, rather than the five
requested by Andrews. Whereas Andrews sought characterization of the full thickness of the
aquifer, its contact with the underlying bedrock, and the nature of the bedrock contact entirely
around the proposed landfill, the changes made by Ameren will provide new data only around
the north half of Cell 2 and west of Cell 4. The bulk of the proposed landfill site will remain

uncharacterized.
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Each of the three deep characterization wells will be completed with a screened interval
directly above the bedrock interface at the bottom of the alluvial aquifer. Except for
measurements of heads, no direct hydrologic data collection, such as hydraulic conductivity
testing or tracer testing, is proposed. The reduction from five deep alluvial wells around the
facility (as recommended by Andrews) to three at only one end (as agreed to by Ameren in its
revised application) significantly reduces the usefulness of this new data from the deep aquifer.
The five wells proposed by Andrews around the circumference of the site would have likely
provided sufficient data for heads deep in the aquifer to be integrated with those from the
shallow aquifer. That would have enabled an analysis of vertical groundwater flow patterns and
variations under the entire facility. By limiting the deep well data to the northwest corner of the
proposed facility, little more is likely possible than assigning a planar gradient pattern to the

deep aquifer under that corner.

Water quality data will be collected from the three deep wells both for purposes of
determining baseline water quality at those three locations, and for conducting detection
monitoring once the utility waste landfill is built. This is an improvement over the previous
monitoring system and partially addresses concerns expressed by Andrews. However, as
discussed above, the changes accepted by Ameren are limited to only a corner of the facility,

whereas Andrews appropriately recommended obtaining this data from the whole facility.

These three deep wells have very limited utility for detecting groundwater contamination
due to their locations. There is likely no upgradient/downgradient relationship among the wells.
The two “downgradient” wells are located north and northeast of Cell 2 of the proposed landfill,
where the river-side flow regime is north 32.6 degrees east. Water passing these wells is not

water that passed through the area monitored by the “upgradient” deep well. The “upgradient”
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deep well is located in the southern, bluff-side water regime, where the depicted flow direction
averages north 66.6 degrees east. Water passing the “upgradient” well moves under Cells 3 and

4 of the proposed landfill, but is not monitored on the downgradient side.

The monitoring proposed by Andrews for the base of the aquifer would have monitored
both upgradient and downgradient locations for both the river-side and bluff-side regimes of
flow, thereby allowing common statistical techniques to be used to compare water qualities to
determine impacts. In contrast, the limited additional monitoring in Ameren’s revised application
is not sufficient to support meaningful comparison between the “upgradient” and
“downgradient” locations. As a result, the revised groundwater monitoring plan is unlikely to

detect impacts of the proposed landfill on the deep aquifer.

Finally, as discussed by Andrews in its comments, the monitoring of the deep aquifer for
baseline water quality may demonstrate that groundwater at the proposed landfill site is already
contaminated by leachate from the existing ash ponds at the power plant site. That would
significantly complicate the challenge of determining whether contaminants detected at the
landfill site are coming from the landfill, the ash ponds, or both. If the plume from the ash ponds
were of appropriate composition and sufficient concentration, identification of significant
leakage from the utility waste landfill may be impossible. The revised monitoring system could
identify an existing plume of contamination under only the northwest corner of the utility waste

landfill, leaving the rest of the facility without this crucial information.

Q. To what extent do the changes in the monitoring system address the concerns you

raised in your cross-surrebuttal testimony?
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A. To almost no extent. The only concern it partially addresses is the need to identify an
existing plume from the ash ponds. The addition of the three deep monitoring wells may allow
one to identify such a plume in the northwest corner of the facility, but will do nothing to detect

any such plume throughout the rest of the proposed landfill site.

Q. In your opinion, is the revised monitoring system contained in the December 2013
CPA adequate to detect groundwater contamination originating from the proposed

landfill?
A. No.
Q. Why not?

A. The revised shallow monitoring system remains designed based upon the unrealistic
assumption that that all migration from any liner failure will migrate at, and solely at, the water
table and that the migration will occur in directions and rates determined without benefit of any
water table measurements. Under pre-construction hydrologic conditions, water-table
contamination will migrate downward, away from the water table. Under post-construction
hydrologic conditions, that downward movement will be accentuated. Except under exceptional
and unusual situations, contamination from the proposed facility will pass below — and
undetected by — the water table monitoring system. The three deep wells that have been added
do not form an upgradient/downgradient package and do not cover a significant portion of the

facility.

Q. Did you review the opinion expressed by Tyler Gass in his supplemental testimony
that the existing ash ponds “have never been found to have caused any groundwater

contamination during the past 40 years of operation”?
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A. Yes.

Q. Do you have a response to that opinion?

A. Yes. That statement is misleading. The failure to find contamination does not confirm
that no such contamination exists. In this case, it likely reflects the failure to look for it.

Q. On what is your response based?

A. I found no evidence that Ameren has sought to determine any existence and extent of
contamination from the ash ponds. Ilooked through all available sources I could find related to
this proceeding or written by Ameren and publicly available that might indicate any effort to
determine the existence and extent of groundwater contamination caused by the existing ash
ponds. These sources included the 1992 construction permit application and associated
specification form for the lined waste impoundment, the Detailed Site Investigation (DSI) for the
proposed landfill, the first three rounds of baseline water sampling performed in the groundwater
detection monitoring system for the proposed landfill, available NPDES permit applications for
the Labadie plant, the CPA for the proposed landfill, and water quality and head data obtained

from piezometers/wells installed and sampled by Golder Associates in the bluffs south of the

Labadie plant.
Q. What did your review determine?
A. There has been no documentation of any attempt to look for potential contamination that

could be attributed to the existing ash ponds. It is not the case that thorough investigations have

established there is no contamination caused by the waste impoundments. To the contrary, there

10
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has been no attempt to investigate groundwater quality in the vicinity of the ash ponds. With

respect to the documents I reviewed, I found the following:

1. The 1992 construction permit application and specification form for the lined ash pond
discussed wells/piezometers that were located appropriately and at appropriate depths to have
been used to obtain information regarding groundwater quality related to the pre-existing,
unlined ash pond. However, there is no indication in those documents that the wells were ever

sampled for that purpose.

2. The 100+ piezometers installed and monitored for the DSI investigation were located
in an area apparently downgradient of the ash ponds. The piezometers were completed within
the alluvial aquifer at some distance below the water table, where impoundment-related
contamination might be found, were there a plume in the area. However, there is no indication

in the DS that any of these piezometers were sampled for water quality.

3. The 1992 and 2011 NPDES permit applications describe leakage of coal ash
wastewater from the unlined ash pond. One of the leaks was estimated at up to 30 gallons per
minute and was described as soaking into the ground. There is no indication that Ameren
conducted any groundwater investigation to determine the impact of this leakage on groundwater
quality. Ameren submitted its 2011 application in response to Staff Data Request 14.2.

Attachment A of the 1992 application is submitted herewith as Norris Schedule S7.

4. The bedrock piezometers installed for Ameren by Golder Associates on the bluffs
south of the Labadie plant sampled groundwater that was determined to be upgradient of both
the plant and the ash ponds. Therefore, these groundwater sampling points shed no light on

whether the ash ponds are causing groundwater contamination.

11
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5. The baseline monitoring for the groundwater detection monitoring system for the
proposed landfill, like the earlier DSI piezometers, is favorably located with respect to possible
migration of contaminated groundwater from the waste impoundments. To date, the monitoring
system has sampled only water table wells. Because these wells are completed at the water

table, evidence of any underlying plume would be subtle.

Q. Is there any evidence that is suggestive of groundwater contamination that might be

attributable to the existing ash ponds?

A. Yes. The first such evidence is the NPDES permit applications’ discussion of leakage
from the unlined ash pond. Ameren stated that “the location and chemical make up of the seeps
indicate that their source is the ash pond.” Ameren also stated that one of the seeps was soaking

into the ground. Yet Ameren made no effort to test the groundwater for contamination.

Additional evidence is found in comparing the groundwater data collected from the wells
drilled in the bluffs south of and upgradient from the plant with the groundwater data from the
monitoring wells at the proposed landfill site, which are downgradient from the plant and the ash
ponds. The first three sampling events to develop baseline water quality from the monitoring
wells have been completed. If the ash ponds were not affecting groundwater quality, then the
water quality immediately downgradient from the plant site should closely resemble the water
quality immediately upgradient from the site. This is not the case; the downgradient
groundwater at the proposed landfill site is substantially degraded relative to the upgradient
water. At the proposed landfill site, averages of specific conductance (indicative of total
dissolved solids) and sulfate are each 166% that of the upgradient groundwater. Boron

concentrations at the proposed landfill site average more than 300% that of the upgradient

12
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groundwater. Arsenic concentrations at the proposed landfill site average more than 220% that
of the upgradient groundwater. Barium at the monitoring systems averages 250% that at the

upgradient piezometers. All of these constituents are associated with coal ash.

Q. In your opinion, if Ameren had conducted groundwater monitoring at the existing

ash ponds at the plant site, would contamination likely have been detected?

A. Yes.

Q. Does this conclude your Supplemental Testimony?
A. Yes.

13
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1. INTRODUCTION

Appendix X of the Construction Permit Application is the Documentation of Groundwater
Monitoring System Design prepared by Gredell Engineering Resources, Inc. (GREDELL) on
behalf of Ameren Missouri (Ameren) for the proposed Utility Waste Landfill at the Ameren
Labadie Power Plant.

The location and spacing of the wells are described in Appendix X of the Construction Permit
Application and depicted on Figure 2 of Appendix Q (Proposed Utility Waste Landfill Monitoring
Well Location Map). As described in the text and depicted on Figure 2,, the well spacing
beginning at the northwestern comner of Cell 2 is approximately 450 feet (MW-1 through MW-4).
Wells MW-1 through MW-4 are located approximately 180 feet north, along an azimuth of 32.6
degrees, of Cell 2. Wells MW-5, MW-6 and MW-7, are spaced wider since these wells are
farther from the disposal limits of Cell 2 due to the location of Pond 2. Wells MW-5, MW-6 and
MW-7 are located east of the pipeline and north and east of Pond 2. Wells MW-5 and MW-6 are
located approximately 600 feet and 1400 feet downgradient, along an azimuth of 32.6 degrees,
of Cells 2 and 1, respectively. The spacing of wells along the eastern perimeter of Cell 3 is
specified as approximately 330 feet (MW-7 through MW-17). As depicted on Figure 2, wells
MW-7 through MW-17 are located approximately 400 feet, along an azimuth of 66.6 degrees, of
Cell 3. Along the southern edge of Cell 3, it is described that the well spacing has been
increased to avoid placing a well in a jurisdictional area (MW-18). Along the eastern perimeter of
Cell 4, the well spacing is specified as between approximately 330 and 500 feet (MW-19
through MW-21). Lastly, a sentry well (TMW-1) is to be installed immediately east downgradient
of Cell 1 within the utility pipeline corridor. This sentry well is to be used during the initial
operation within Cell 1.

Based upon the review of the proposed well spacing, Andrews Engineering, Inc. (Andrews)
does not concur that the proposed well spacing sufficiently meets the requirements of 10 CSR
80-11.010 Section 11 or Franklin County Land Use Regulations Section 238(C)(3)(f). In
discussions with GREDELL it was found that much of the information required by Section 11
has not been collected or has not been sufficiently characterized.

Specifically, this includes:
o Characterization of the extent or thickness of the uppermost aquifer;

» Characterization of the effective porosity of the uppermost aquifer;

» Characterization of the physical and hydrogeologic properties of the uppermost confining
unit;
e Characterization of vertical hydraulic gradients within the uppermost aquifer;

» A demonstration that the proposed background well locations are representative of
background groundwater quality not affected by the existing utility waste landfill;

e A demonstration that the proposed number, locations and depths of monitoring wells
shall ensure the detection of any significant amount of fluids generated by the utility
waste landfill that migrate from the utility waste landfill to the groundwater.

in an effort to provide a path forward, Andrews has prepared a sensitivity analysis and
recommendations for well spacing, including the installation of nested groundwater monitoring

Andrews Engineering, inc. 1 Labadie Energy Center
320122012106 (Franklin County\DOC\2013\Amersn Missauri Labadle Enargy Centar Raview.doc.doox, Groundwater Monitoring Application Review (April 2013)
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wells to allow the collection and characterization of vertical hydraulic gradients and spatial
variation in groundwater quality with depth.

2. WELL SPACING EVALUATION AND SENSITIVITY ANALYSIS

The well spacing demonstration presented in Appendix X uses the PLUME model. PLUME is a
module of the Monitoring Analysis Package (MAP) software package distributed by the
International Ground Water Modeling Center in Golden, Colorado and is based on a two-
dimensional analytical transport model presented by Domenico and Robbins (1985) and
modified in Domenico (1987). This model assumes that solute is released along a continuous
line source in a uniform aquifer, and predicts the concentrations that would be observed at
points downgradient of the source. The parameters of this model are outlined in Appendix X of
the Construction Permit Application.

Based upon our review, the parameters used in the PLUME model were not well documented or
characterized. To determine the relative importance of these parameters, a sensitivity analysis
has been completed. The sensitivity analysis was only completed on the parameters used to
characterize the well spacing for Cells 1 and 2. This sensitivity analysis evaluated the following
parameters:

Source width (Y),

Effective porosity (n.),

Longitudinal and transverse dispersivity (e, and a,),
Hydraulic gradient (i), and

Source concentration (C,).

2.1 Source Width (Y)

The PLUME model presented in Appendix X assumes a source width, ¥, of 100 feet. The
source width parameter represents the length of the source perpendicular to the groundwater
flow path. A 100 foot source width represents a catastrophic failure of the 60 mil HDPE and the
underlying 2 feet of engineered earthen liner. A failure of this magnitude is unlikely and with
respect to well spacing, modeling cannot be considered remotely conservative. Given the
current level of QA/QC and material, a more likely breach of the liner will occur as a rip, tear or
puncture on the order of 5 feet or less.

The sensitivity analysis of the source width was completed for source widths of 5, 10 and 20
feet. In this analysis, the only value varied was Y. The resulis of the 100 foot source width
modeled by Ameren, using all of Ameren’s parameters, resulted in a plume length of 664 feet
and a 0.001 concentration contour plume width of 273 feet. This can be considered the
“paseline” scenario to which all sensitivities are compared. This baseline scenario represents
the plume length and dimension for 44 years (528 months), which is the active life and post-
closure care period for the proposed landfill.

Andrews Engineering, Inc. 2 Labadie Energy Center
g 408 (Franklin CountyNDOC Missourl Lebadie Energy Center Appl A docx, Groundwater Monitoring Application Review (April 2013)
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Source Width, Y (feet) Length of Plume (0.001 Width of Plume at 180 feet
contour), x (feet) (0.001 contour) (feet)
100 (Ameren) 664 273
5 620 158
10 632 170
20 643 184

As shown in the table above, the length and width of the plume are sensitive to the source
width. However, it should be noted that the width of the plume is more sensitive to the source
width than is the length. A source width of 5 feet resulted in only 6.6% reduction of the plume
length while resulting in a 41% reduction in the plume width.

2.2 Effective Porosity (n,)

The well spacing proposed by Ameren is based on an assumed effective porosity of the
uppermost aquifer of 35% (n, = 0.35). Based on site-specific data for the St. Charles well field
(Mugel, 1993), located approximately 7 miles downstream of the Ameren Labadie facility, the
effective porosity of the Missouri River alluvium ranges from 21% to 32%. These effective
porosity values are based on a tracer test performed in the Missouri River alluvial aquifer.
Based on this data, the uppermost aquifer exhibits a mean effective porosity of 26.5%.

As presented in the table below, the first outcome noted is for the Ameren baseline scenario
where a literature derived value of 35% was used to represent the effective porosity of the
uppermost aquifer. The second outcome listed presents the result of an effective porosity value
of 26.5% for a 100 foot source width.

Effective Porosity, Seepage Source Width, Y | Length of Plume | Width of Plume at
ne (unitless) Velocity (feet) (0.001 contour), x | 180 feet (0.001
(feet/month) (feet) contour) (feet)
0.35 (Ameren) 1.013 100 (Ameren) 664 273
0.265 1.34 100 (Ameren) 853 273
0.265 1.34 5 802 167

The PLUME model is somewhat sensitive to the effective porosity. The effect of lowering the
effective porosity is to increase the seepage velocity. The seepage velocity, v is:

nE

s

where: v, = seepage velocity (feet/month)
K = hydraulic conductivity = 0.05002 feet/min (Ameren value for Cells 1 and 2) = 2191

feet/month

i = hydraulic gradient = 0.000162 feet/feet (Ameren resultant value reported on Table

2a)

Andrews Engineering, inc.

201 22012-108 (Franklin CountyADOC201 3 Ameran Missour! Labadle Energy Centsr - Groundwater Monitoring Application Review.doc.dock,

3
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n, = 0.35 (Ameren literature derived value) = 0.265 (St. Charles Well Field value for
Missouri River alluvium)

Using the Ameren derived hydraulic gradient, 0.000162 feet/feet, and the Ameren reported
literature value for effective porosity of 0.35, the seepage velocity is 1.013 feet/month. Using the
Ameren derived hydraulic gradient and the Missouri River alluvium effective porosity, the
seepage velocity is 1.34 feet/month.

The effect of decreasing the effective porosity results in an increased seepage velocity that
results in an increased plume length for the same time period 44 years (528 months). It should
be noted that the seepage velocity used by Ameren is based on a hydraulic gradient that is a
fraction of that reported in Attachment 1 Baseline Hydrologic Data Notes. The mean hydraulic
gradient reported in Attachment 1 is 0.00037 feet/feet for Cells 1 and 2. However, back
calculating the hydraulic gradient for the Ameren modeled effective porosity (0.35), hydraulic
conductivity (2191 feet/month) and seepage velocity (1.013 feet/month) used in the PLUME
demonstration, shows that a hydraulic gradient of 0.000162 feet/feet was assumed. This is
similarly questioned for Cells 3 and 4. The seepage velocity Ameren used for the PLUME model
for Celis 3 and 4 is 1.212 feet/month. This back calculates to a hydraulic gradient of 0.000194,
whereas the reported hydraulic gradient for Cells 3 and 4 is 0.00028 feet/feet.

On Tables 2a and 2b, the unit of hydraulic conductivity is noted as feet/yr. However, it appears
that this is a typo and according to Attachment 1 Baseline Hydrologic Data Notes and Table 6 of
the March 2011 Detailed Site Investigation (DS1), the units should be feet/min. In addition, the
hydraulic conductivity used in the calculations for dispersivity and seepage velocity presented
on Table 2b for Cells 3 and 4 are based on the hydraulic conductivities reported for Cells 1 and
2 and not for Cells 3 and 4. The average hydraulic conductivity for Cells 3 and 4 is 0.05567
feet/min. However, Table 2b uses an average hydraulic conductivity calculated for Cells 1 and 2
as 0.05002 feet/min. The outcome of these errors is a misrepresentation of the seepage velocity
which is expressed in incorrect plume lengths. The results of using these corrected values for
Cells 1 and 2 are evaluated following the sensitivity analysis of longitudinal and transverse
dispersivities below.

2.3 Longitudinal and Transverse Dispersivity (a, and a,)

The longitudinal (a,) and transverse (a,) dispersivities used in the Ameren PLUME models for
Cells 1 and 2 and Cells 3 and 4 are derived from resultant vectors calculated on Tables 2a and
2b of Appendix X, respectively. Dispersivity represents the spreading of a contaminant over a
given flow length. It is generally accepted that as the scale of the plume increases, the
dispersivity will also increase.

The method of deriving longitudinal and transverse dispersivities presented in Tables 2a and 2b
is unconventional and not consistent with the recommendations of the USEPA.

As a rule of thumb, the U.S. EPA suggests that longitudinal dispersivity can be initially estimated
as 10 percent of the plume length (Wiedemeier, et al. 1998; Aziz et al. 2000). This assumes that
dispersivity varies linearly with scale. However, based on a study by Xu and Eckstein (1995) of
data collected by Gelhar et al. (1992), longitudinal dispersivity is best represented by the
relationship:
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The first outcome is for the baseline scenario where Ameren’s dispersivity and a 100 foot
source width is used. The second outcome is for a longitudinal dispersivity (24.5) based on the
plume length (1004 feet) and transverse dispersivity (2.45) based on 1/10™ the longitudinal
dispersivity for a 100 foot source width. The third outcome is for dispersivities based on the
estimation methods of Xu and Eckstein (1995) and Gelhar (1992) for a 5 foot source width.

Longitudinal and Source Width, Y Length of Plume Width of Plume at 180
Transverse (feet) {0.001 contour), x feet (0.001 contour)
Dispersivity, ax/ a, (feet) (feet)
(feet)
1.744 / 2.032 (Ameren) 100 (Ameren) 664 273
2457245 100 (Ameren) 1004 291
22617226 5 826 169

The sensitivity of the PLUME model to dispersivity is characterized by an increase in both the
length and width of the plume with an increase in both longitudinal and transverse dispersivities.

2.4 Source Concentration (C,)

The following table compares the plume lengths and plume widths for Cells 1 and 2 for the
Ameren proposed well spacing model and for a well spacing model that incorporates all of the
changes to the parameter values discussed above. The first outcome is for the baseline
scenario proposed by Ameren. The second outcome is for a reduced source width (Y= 5 foot),
longitudinal (a, = 33 feet) and transverse (a, = 3.3 feet) dispersivities based on U.S. EPA
approved methods, site-specific hydraulic gradient (i = 0.00037), and an effective porosity from
an in situ test of the Missouri River alluvium (n, = 26.5). The compounding effect of changing all
of these parameters is outlined in the table below.
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Source Longitudinal and Hydraulic Effective Length of Width of
Width, Y Transverse Gradient Porosity, ne | Plume (0.001 | Plume at 180
(feet) Dispersivity, a,/ a, | (feet/feet) (unitless) contour), x feet (0.001

(feet) (feet) contour) (feet)
100 1.744/2.032 0.000162 0.35 664 273
(Ameren) (Ameren) (Ameren) (Ameren)
5 33/3.3 0.00037 0.265 2125 231

As shown in the table above, using a 5 foot source width with the conservative parameters
outlined above, result in a plume length of 2,125 feet for a time period of 44 years (528 months).
The distance from the northeast corner of the waste boundary of the proposed Cell 2 to the
property boundary is 1022 at its shortest and 1168 feet along the proposed flow azimuth of 32.6
degrees. For parameters with source concentration to groundwater standard ratios of 0.001,
this would resuilt in migration beyond the property boundary along the north side of Cell 2.

The importance of identifying the concentration contours at which the plume length and width
are presented above can be expressed by explaining the significance of the ratio between the
source concentration and the calculated groundwater protection standard. The PLUME model
presented by Ameren assumes a constant source concentration for chloride (total) of 3000 mg/L
and an assumed groundwater protection standard of 3 mg/l.. However, since PLUME does not
allow the entry of a source concentration, the concentrations must be expressed as normalized
values. The normalized concentration for the Ameren scenario would result in a chloride (total)
source concentration of 1 mg/L and a groundwater protection standard of 0.001 mg/L. At this
time, given the lack of site-specific data, this cannot be considered a conservative concentration
contour for determining well spacing.

In lieu of site-specific data, an independent report prepared by Cherry et al. (2000) was
consulted for leachate concentration data for the detection parameter chloride. The data
compiled in the March 28, 2000 report entitied “Review of the Global Adverse Environmental
Impacts to Ground Water and Aquatic Ecosystems from Coal Combustion Wastes,” reports
chloride leachate concentrations from coal ash disposal facilities ranging from 470 mg/L to
4,600 mg/L. Based on this information, source concentrations were evaluated for the mean
(2,525 mg/L), the minimum (470 mg/L) and maximum (4,600 mg/L) values.

A groundwater protection standard for chloride was estimated from Ameren’'s groundwater
sampling and analysis effort provided in the May 9, 2012 report prepared by Golder and
Associates, Inc. entitled “Report on Piezometer Installation, Water Level Monitoring, and
Groundwater Sampling - Labadie, Missourl.,” Based on the analytical results presented in the
report, chloride concentrations in groundwater samples collected from piezometers TGP-A,
TGP-B, and TGP-C were 5.8 mg/L, 29 mg/L, and 43 mg/L, respectively. The mean of these
values is 25.9 mg/L and the standard deviation is 18.8 mg/L.. Using the mean plus three
standard deviations, a groundwater protection standard for chloride (total) is estimated as 82.3
mg/L.

Assuming a minimum chloride source concentration of 470 mg/L and a groundwater protection
standard of 82.3 mg/L, the concentration contour that would represent the groundwater
protection standard is the normalized concentration contour of 0.175. If the concentration is
4600 mg/L, the normalized concentration contour would be 0.0179. For our estimations, given
that we do not know what the actual chloride source concentration or the groundwater
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protection standard will be, Andrews Engineering, Inc. will associate these concentrations with
the 0.01 and 0.1 contours.

The contours depicted on the output files for Cells 1 and 2 and for Cells 3 and 4 provided in
Attachment 3 “PLUME Model Outputs” of the Construction Permit Application represent the
0.001, 0.01 and 0.1 concentration contours with the outer concentration contour representing
the 0.001 contour and the inner contour representing the 0.1 concentration contour. 1t can be
seen on these output files that the widths of the plumes depicted by the 0.01 and 0.1 contours
are significantly smaller than the 0.001 contour.

Concentration Contour (unitless) | Length of Plume (feet) | Width of Plume at 180 feet (feet)
0.1 581 170
0.01 630 228
0.001 664 273

Sheet 1 in Attachment 1, (Draft Comments to Gredell) depicts the 0.001, 0.01 and 0.1
concentration contours for Cells 1 and 2 using the parameter values suggested herein. Sheet 1
is for a time period of 44 years (528 months). As depicted in Sheet 1, the 0.001 concentration

contour extends to a distance of 2125 feet.

Concentration Contour (unitless) | Length of Plume (feet) | Width of Plume at 180 feet (feet)
0.1 581 -
0.01 630 148
0.001 664 231

As indicated in the preceding tables, it can be seen that the plume width is critically dependent
upon the ratio of the source concentration to the groundwater protection standard. For a greater
ratio, the plume widths decrease, and similarly, for a low ratio the plume widths increase.

Another factor that has not been characterized in the presented monitoring well spacing
evaluation is the time for the contaminant to migrate through the constructed clay liner. Should
only a tear occur in the flexible membrane liner, there will be a delay in the contaminant to reach
the uppermost aquifer, the “contaminant breakthrough time.” The contaminant breakthrough
time is characterized below.

The major contaminant migration processes through a liner system is advection, diffusion and
adsorption. Advection of a pollutant is associated with the seepage velocity of the leachate and
calculated using the Darcy’s law given in equation:

Ki
v, =—
n

(-4
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The contaminant breakthrough time if only advection is considered can be calculated using the
equation:

where: ¢ = contaminant breakthrough time
K = hydraulic conductivity = 1x10-7 cm/sec = 0.000238 feet/day
i = hydraulic gradient = (1 feet head + 2 feet liner) / 2 feet liner = 1.5 feet/fest
n, = McWorter and Sunada (1977) report effective porosity of clay ranging from 0.01 to
0.18 with a mean of 0.06 (unitless) = 0.05 to 0.1
H = liner thickness = 2 feet
v, = seepage velocity

_ Ki _0.000283f/days1.5£t/ fi

=0.00425 11/ d.
iy 0.06 1 day
= Ll = _2f =283 days
v, 0.00425

Assuming a mean effective porosity ranging from 0.01 to 0.18, migration through the liner to the
top of the vadose zone could range from as little as 47 days to as much as 848 days. While the
effective porosity takes more effort to characterize, as shown above, the rate of migration is very
sensitive to this parameter. This additional time for migration has not been addressed in the
PLUME model.

3. PROPOSED WELL SPACING

Using conservative parameters described in Section 2 above, PLUME was used to determine
well spacing for Cells 1 and 2 and Cells 3 and 4. The plumes are depicted on Sheet 2 of
Attachment 1 (Draft Comments to Gredell). Based on Ameren’s data, the plume azimuth for
Cells 1 and 2 is 32.6 degrees and for Cells 3 and 4 the flow azimuth is 66.6 degrees. As
depicted on Sheet 2, the predicted plume widths are considerably smaller for the 0.01 and 0.1
concentration contours than proposed by Ameren. Given the proximity to the property boundary
along the north edge of Cell 2 and along the southeast edge of Cell 3, additional wells are being
recommended. The locations and depths of the additional wells are discussed below.

Based on the evaluation and sensitivity presented above, Andrews Engineering, Inc. proposes
the following amendments to the Ameren proposed monitoring well network.

31 Cellstand2

Monitoring wells MW-1 through MW-4 along the north side of Cells 1 and 2 are located
approximately 180 feet from the waste boundary and have an approximate spacing of 450 feet.
Along the described flow azimuth of 32.6 degrees, the wells are approximately 261 feet from the
waste boundary. Using this flow distance, a well spacing for the 0.01 concentration contour
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would be approximately 200 feet at the northwest corner and decreasing to approximately 145
feet along the northeast corner.

Based on the depicted plume widths, it is recommended that seven additional wells be installed
along the north and northeast edges of Cell 2. As depicted on Sheet 3, wells P1, P2, P3S and
P4 are proposed at locations 492 feet from the waste boundary, offset from wells MW-1, MW-2,
MW-3 and MW-4. Wells P5 and P6 are located northeast of Cell 2 and are located 303 feet from
the line of wells MW-4, MW-5 and MW-6. Wells P1, P2, P3S and P4 are spaced 450 feet apart
and are offset from wells MW-1, MW-2, MW-3 and MW-4. Wells P5 and P6 are spaced 450 feet
apart and are offset from wells MW-4, MW-5 and MW-6.

Wells P1 through P6 must be screened consistent with the screened elevations of wells MW-1
through MW-6. In addition to the shallow wells, it is proposed that a deep well be installed within
10 feet of well P3S. The proposed well, P3D, should be constructed with a 10 foot long screen
and be located across the overburden/bedrock interface. This well will be used to characterize
vertical gradient and groundwater quality at the bottom of the overburden/top of bedrock.

3.2 Cells3and4

Cells 3 and 4 are monitored by wells MW-7 through MW-17. These wells are located
approximately 370 feet from the waste boundary and have an approximate spacing of 330 feet.
Along the described flow azimuth of 66.6 degrees, the wells are approximately 412 feet from the
waste boundary. Using this flow distance, a well spacing for the 0.01 concentration contour
would be approximately 210 feet at the northwest corner and decreasing to approximately 125
feet along the southeast corner.

Four wells are proposed for Cells 3 and 4. As depicted on Sheet 3, wells P7 and P8 are
proposed at locations 303 feet from the line of wells inscribed by MW-7 through MW-16. Wells
P7 and P08 are located approximately 330 feet apart and are offset from wells MW-14, MW-15
and MW-16. Proposed well P9 is located approximately mid-distance between the line inscribed
by wells MW-16 and MW-17 and the property boundary. This places well P9 along a line
approximately 150 feet from the line of wells MW-16 and MW-17. The screened zones for wells
P7, P8 and P9 must be screened consistent with the screened elevations of wells MW-14
through MW-17.

Proposed well P12D is a deep well to be installed within 10 feet of well MW12. The proposed
well, P12D should be constructed with a 10 foot long screen and be located across the
overburden/bedrock. This well will be used to characterize vertical gradient and groundwater
quality at the bottom of the overburden/top of bedrock.

3.3 Upgradient Wells

In addition to the proposed downgradient wells, three upgradient deep wells are proposed. As
depicted on Sheet 3, the proposed deep wells are located near proposed groundwater
monitoring wells MW-20, MW-24 and MW-26. The proposed wells are identified as P20D, P24D
and P26D, respectively.

The proposed deep wells, P20D, P24D and P26D should be constructed with a 10 foot long
screen and be located across the overburden/bedrock interface. These wells will be used to
characterize vertical gradient and groundwater quality at the bottom of the overburden/top of
bedrock.
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Mahlon Hewitt

From: Mike Carlson <mikec@ger-inc.biz>
Sent: Thursday, March 28, 2013 10:41 AM
To: Mahion Hewitt

Subject: RE: Ameren - Labadie Draft Comments
Ron:

Will Monday afternoon @ 2 p.m. work for a conference call? Please let me know.

Also, turns out Thursday will not work for a meeting as we have a company-wide function | forgot about. Is Friday a
possibility?

Mikel C. Carlson, R.G.

Senior Geologist

GREDELL Engineering Resources, Inc.
1505 E. High Street

Jefferson City, MO 65101
573-659-9078 (office)

573-659-9079 (fax)

573-694-0624 (cell)

866-892-0727 (office - toll free)
mikec@ger-inc.biz (email)

From: Mahlon Hewitt [mailto:mhewitt@andrews-eng.com]
Sent: Thursday, March 28, 2013 8:49 AM

To: Mike Carlson

Subject: RE: Ameren - Labadie Draft Comments

Mike,

You are correct, Ameren asked that we meet ASAP to resolve the outstanding issues. Thursday works for me. It looks like
at least a 3.5 hour drive to Jefferson City from here. Prior to coming to your office though, 1 think it would be worthwhile
to teleconference and work through as many of the issues as possible so that we can focus on the hard issues on
Thursday. Can we teleconference Monday or Wednesday regarding the draft comments?

From: Mike Carlson [mailto:mikec@ger-inc.biz
Sent: Wednesday, March 27, 2013 4:38 PM

To: Mahlon Hewitt

Subject: RE: Ameren - Labadie Draft Comments

Thank you, Ron. | echo your sentiment. | will obviously look at this as quickly as possible, probably tonight. Do you have
a day and time in mind to meet next week? What | heard at the conclusion of our meeting was that Andrews was asked
by Ameren to meet at Gredell's office in Jefferson City next week. Let me know if that was not your understanding. Our
current schedule is such that Wednesday is out as an option and Monday may be too soon to have a productive

meeting. Tuesday, Thursday, or Friday are open at this point in time. Obviously, | would like to have as many responses
as possible to your comments prepared in advance of that meeting for your review to facilitate discussion and hopefully
resolution to significant issues.

Regards,
Mikel C. Carlson, R.G.

Senior Geologist
GREDELL Engineering Resources, Inc.
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1505 E. High Street

Jefferson City, MO 65101
573-659-9078 (office)
573-659-9079 (fax)
573-694-0624 (cell)
866-892-0727 (office - toll free)
nikec@aqer-inc.biz (email)

From: Mahlon Hewitt [mailto:mhewitt@andrews-eng.com]
Sent: Wednesday, March 27, 2013 4:21 PM

To: Mike Carlson

Cc: Kenn Liss; Doug Mauntel; Karl Finke

Subject: Ameren - Labadie Draft Comments

Mike,

It was a pleasure to meet with you guys yesterday. Attached are draft comments as promised. Please let us know if you
have any questions.

Cheers,

Mahlon Hewitt, LPG

Andrews Engineering, Inc.

3300 Ginger Creek Drive

Springfield, IL 62711

Office: (217)862-2511 or (217)787-2334
Fax: (217)787-9495
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Mahlon Hewitt

From: Tom Gredell <tomg®@ger-inc.biz>

Sent: Thursday, April 04, 2013 5:24 PM

To: Kenn Liss

Cc Giesmann, Craig J; Joe Feldmann; Doug Mauntel, Mahlon Hewitt; Tom Gredell; Mike
Carlson

Subject: RE: Conference call follow up

Ken, 1 concur that we were not planning on meeting with Andrews representatives tomorrow, Friday, April 5, 2013, in
Jefferson City. Mike Carlson and | will review your email in the morning.

Thomas R. Gredell, P.E.

GREDELL Engineering Resources, Inc.
573-659-9078 (office)

866-892-0727 (office - toll free)
573-659-9079 (fax)

573-645-9078 (cell phone)
toma@ger-inc.biz {e-mail)

From: Kenn Liss [mailto:kliss@andrews-eng.com]
Sent: Thursday, April 04, 2013 4:43 PM

To: Tom Gredell
Cc: Giesmann, Craig J; Joe Feldmann; Doug Mauntel; Mahlon Hewitt
Subject: Conference call follow up

Tom:
I am sending this as a follow up to our telephone call.

As we left it, you and your staff will provide a written response to our draft comments in order to narrow down
the remaining issues. For a majority of the comments, you indicated that certain information we are requesting
is either not available or not necessary. In order to clearly understand Ameren’s position, if the information is
not available, please respond to the comment accordingly. If you feel the information is not necessary to
support your work, please indicate that it is your professional opinion that it is not necessary and it will not be
provided as you stated during our call. Providing a reply to each comment in this manner will enable us to
continue moving forward. For Ameren, time is of the essence and we are committed to completing this review
process as soon as practical. Having a clear response to each comment will allow us to finalize our review,

In the meantime, Ron {(Mahlon} and | are revisiting the draft comments sent out prior to our call with
consideration to the points you raised. After receiving your response, we will promptly update our comments
and reply. Without the technical information to support your input values or a clear response to our comments,
there is no need to travel the approximately a 7 hour roundtrip from Springfield to your office for a meeting
tomorrow.

Before our meeting at Ameren’s office, | spoke with Craig Giesmann about the upcoming field work. We
discussed the potential for installing additional wells and using that opportunity to obtain field data. As we also
discussed during our call, Ron and | are recommending that you install nested monitoring wells or piezometers
between the new area and the existing disposal units. Much of the information we are requesting can be
obtained using the core samples and then conducting the appropriate testing using those monitoring
points. This includes site specific porosity, vertical gradients, hydraulic conductivity testing and groundwater
quality information to support the assumptions in your model. In addition, we are still in need of the expected
1
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leachate concentrations and the manner in which you calculated input values for dispersivity. We understand
the values listed in your table 2a and 2b were derived from your groundwater flow direction
evaluation. However the manner in which the calculation was made is unconventional and we are not able to

reproduce your results.

Groundwater modeling, like any other analytical representation, is only as reliable as the input data. Our
comments largely concern the lack of documentation or suitability of your input values. This needs to be
corrected. When completed, we are confident that using your model, within the performance standards of the
MDNR and ordinances of Franklin County, that we will agree on a monitoring program for the site that is

defendable.

We will continue to work on this end and look forward to your prompt reply.

Kenneth W. Liss LPG
Vice-President of Operations
Andrews Engineering, Inc.
3300 Ginger Creek Drive
Springfield, lllinois 62711

(217) 787-2334
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Mahlon Hewitt

From: Mike Carlson <mikec@ger-inc.biz>
Sent: Wednesday, April 10, 2013 12:04 PM
To: Mahlon Hewitt

Subject: RE: Ameren Labadie Comments

No

Mikel C. Carlson, R.G.

Senior Geologist

GREDELL Engineering Resources, Inc.

1505 E. High Street

Jefferson City, MO 65101

573-659-9078 (office)

573-659-9079 (fax)

573-694-0624 (cell)

866-892-0727 (office - toll free)
mikec@ger-inc.biz (email)

----- Original Message-----

From: Mahlon Hewitt [mailto:mhewitt @andrews-eng.com]
Sent: Wednesday, April 10, 2013 11:16 AM
To: Mike Carlson

Subject: Re: Ameren Labadie Comments

Do you have a projected time that you can provide comments?

On Apr 10, 2013, at 10:53, "Mike Carlson"
<mikec@ger-inc.biz<mailto:mikec@ger-inc.biz>> wrote:

Mahlon:

Gredell Engineering will not be able to respond to Andrews' draft comments before your stated deadline.

Regards,

Mikel C. Carlson, R.G.

Senior Geologist

GREDELL Engineering Resources, Inc.

1505 E. High Street

Jefferson City, MO 65101

573-659-9078 (office)

573-659-9079 (fax)

573-694-0624 (cell)

866-892-0727 (office - toll free)
mikec@ger-inc.biz<mailto:mikec@ger-inc.biz> (email)

From: Mahlon Hewitt
[mailto:mhewitt@andrews-eng.com<http://andrews-eng.com>]
Sent: Tuesday, April 09, 2013 5:21 PM

To: Mike Carlson
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Subject: Ameren Labadie Comments

Mikel,

We are to provide comments to the county by the end of this week. Should we expect comments from Gredell in

response to our draft comment letter?
Thank you,

Mahlon Hewitt, LPG

Andrews Engineering, Inc.

3300 Ginger Creek Drive

Springfield, IL 62711

Office: (217)862-2511 or (217)787-2334
Fax: (217)787-9495
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Liner & Cover

The separation between the compacted soil component of the composite liner shall be two feet
above the Natural Water Table in the site area. Provide a potentiometric surface map for the
critical monitoring events from the DSI with the post-settiement base grades provided of the
landfill footprint. In any area where the potentiometer surface map illustrates that the surface is
above the existing topography, use the top of the existing topography (pre-land disturbance) for
those areas.

On Sheets 22 and 23, show the bottom of the clay liner on the cross section drawings.

If soils from onsite are acceptable for clay liner, prior to use for such, a test pad for these
materials would be necessary since the offsite borrow soils are different.

No demonstration was made to not use one foot (1) of 1x10° cm/sec soil in the final cover
directly under the geomembrane. A demonstration is required and must be approved for the
use of an alternate final cover. 10 CSR 80-11.010(14)(C)3. “As each phase of the utility waste
landfill is completed, a final cover system shall be installed consisting of one foot (1°) of
compacted clay with a coefficient of permeability of 1 X 10° cm/sec or less and overlaid with
one foot (1') of soil capable of sustaining vegetative growth.” 10 CSR 80-11.010(14)(C)5. “The
department may approve the use of an alternative final cover system provided that the
owner/operator can demonstrate to the department that the alternative design will be at least
equivalent to the final cover system described in paragraph (14)(C)3. of this rule.” The
proposed final cover in the permit application consists of “a textured 40-mil HDPE
geomembrane liner placed directly on the CCRs, overlain by a 16-0z/yd® non-woven, needle-
punched geotextile, and covered with two (2) feet of nominally compacted vegetative soil
capable of supporting the final vegetation cover.” The proposed final cover does not include all
the minimum requirements, specifically the 1-foot low-permeability compacted clay layer, nor is
it demonstrated that the proposed final cover would be equivalent to those requirements.

The plan sheets don’t match the CQA Plan for the top crown HDPE. Please revise and provide
the appropriate calculations as necessary.

Sheet 19 shows one anchor trench containing the liner geomembrane, the geocomposite drain,
and the final cover geomembrane. A second anchor trench for the cover system is necessary to
prevent damage to the previously installed geosynthetic components.

On Sheet 19, the Perimeter Ditch at Closure shows 12" of cover soils over the geomembrane
with no clay liner beneath the geomembrane. A minimum of two feet of soil cover must be over
the landfiled CCR. Additionally, erosion protection in the perimeter ditch is necessary to
prevent exposure of the geomembrane.

Leachate Collection
The landfill liner and overlying leachate collection system must have a minimum slope of 1%,
pre and post settlement. Revise the landfill grades to meet this requirement during all times

within the landfill footprint. Provide plan sheets with the critical cross sections which show the
pre and post settiement landfill base grades.
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Specify the geotextiles for the cushion fabric and the filter fabric shown in the Bottom Liner and
Leachate Collection System Detail. Provide the supporting documentation and any necessary
calculations.

Provide detail drawings for the pipe perforation or slotting pattern for the leachate collection
lines and sump riser pipe.

H.E.L.P. models include only fly ash layers. Section 3.1.4 of the report states that waste are
predicted to include “approximately 70% fly ash and 30% bottom ash”. This report also
discusses the acceptance of Flue Gas Desulfurization (FGD) byproducts. Neither bottom ash
nor FGD byproducts were included in any of the H.E.L.P. models. The H.E.L.P. models used
default values for fly ash when some values, such as hydraulic conductivity, were tested for in
Appendix J.

Leachate Storage and Conveyance

The leachate storage tanks have no capacities or sizes listed or illustrated in the drawings. The
leachate storage tanks must be sized based upon the pumping rates of the sumps within the
landfill, and the maintenance and inspection schedule or control systems for each.

Leachate storage tank appears misplaced on Sheet 6.

The Leachate and Stormwater Forcemains are shown in the Exterior Berm without the depths
noted. The forcemains must be installed at a depth to prevent freezing during cold weather
conditions. Additionally, account for these forcemains being located in a berm above grade and
the landfill will not have exothermic reactions.

Due to the size of the cells, provide calculations to show the removal rate of leachate generated
from a storm event during the first couple of weeks of filling. Justify the storm event, calculate
the removal rate and describe disposal method utilized.

Stormwater

The stormwater management plan for the site allows most stormwater fo become contact
waters and thus leachate. Based upon the stormwater management plan, no waters onsite will
be allowed to discharge from the site and must be contained and treated as leachate.
Additionally, a one-way valve rather than a gate valve alone would be required in the
Stormwater Ponds (Leachate Ponds) to prevent leachate out of the ponds during the
equalization. These ponds will additionally need to be designed with a liner system which
meets the requirements of MDNR’s Solid Waste Management and Water Protection Programs
for storing leachate (waste waters). The use of these waters will be limited to within the
composite lined landfill area or for use as makeup waters within the power plant's future
scrubber systems.

The 25-year, 24-hour rainfall event is greater than 5.6 inches based upon the NOAA Atlas 14
Volume 8, Version 2 Point Precipitation Frequency Estimates. Increase the 25-year, 24-hour
rainfall event to the recently revised amount.

Section 4.1.2 Sequence of Phase Construction describes the construction sequence of each

phase. The Phase 1 Construction Sequence doesn't discuss the timing of constructing the
stormwater pond, but Phases 3 and 4 Construction Sequence discuss constructing the
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stormwater ponds after placing CCR in the phase area. The construction of each stormwater
pond and the CQA report for each must be approved prior to placing CCR into the phase area
associated with the stormwater pond.

In 4.2.1 UWL Disposal Operational Description section, the perimeter ditches around each
phase must not provide storage of stormwater but must be designed to rapidly convey
stormwater to the stormwater ponds for storage.

The perimeter ditches are designed with flat slopes. This may lead to standing water retained in
these ditches which does not minimize infiltration. This design also may not empty expeditiously
after storms. Additionally, this doesn’t take into account the anticipated differential settlement.
10 CSR 80-11.010(8)(B)1.F.: “Provisions for surface water runoff control to minimize infiltration
and erosion of cover. All Water Pollution Control Program permits and approvals necessary to
comply with requirements of the Missouri Clean Water Law and corresponding rules shall be
obtained from the department” 10 CSR 80-11.010(8)(B)1.F.(IV): “On-site drainage and
channels shall be designed to empty expeditiously after storms to maintain the design capacity
of the system.”

Since the perimeter ditches are designed with flat slopes, it would be difficult to estimate the
amount of watershed area that would coliect into the two separate ponds that serve Cells 3 and
4. The notes for Tables N-2 to N-5 state that “flows are split generally at half the distance
between the entrances to the pond along the perimeter ditch.” While this would seem like a
reasonable assumption in theory, actual field conditions, subject to settlement and weathering,
will probably not resuilt in a perfectly flat ditch slope. Additionally, no consideration is given to the
differences in times of concentration that would be present along the perimeter ditches due to
the varying flow lengths down the final cover slopes.

On Sheets 5 and 7, show how the stormwater from Cell 2 will flow into the Stormwater Pond 1.

After closure, all stormwater should be routed through the stormwater ponds to reduce sediment
loading rather than allowing the letdown structures to discharge over the exterior berms.

Berms

Interior berms filled with CCR must be constructed immediately after receiving the Operating
Permit or Authorization to Operate due to placing waste within the landfill footprint. Additional
CQA reporting will then be required for the construction of the interior berm and requires
approval prior to placing CCR material onto it.

The design of the landfill has the interior berms exposed the same as the exterior berms during
the filling of Cells 1 and 3, thus it is required to have the same protection as the exterior berms
since they would be considered exterior berms during the filling of cells 1 and 3, prior to the
construction of cells 2 and 4.

In the interior berms, the geomembrane needs to wrap back over the leachate collection and
protection layers at the point of future tie in to prevent backup leachate from seeping through
the exterior slope.

Section 3.3.2.3 Franklin County Requirement — Erosion Protection in the Landfill Design

discusses 2.2-inch thick fabric-formed concrete mats and Appendix K states that the exterior
berm slopes will be lined with a 6-inch thick, fabric-formed articulated concrete mat. Section 9.0
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Erosion Protection From Levee Overtopping of Failure in Appendix J provides a 56mm (2.2-
inches) thick fabric-formed concrete mat such as Hydrotex FP220. The drawings include no
dimensions. Revise all section and have the same dimensions listed for each. Additionally, add
details to the drawings for the fabric-formed concrete mats.

Operations

The procedure for the placement of the first lift of CCR to prevent damage to the underlying
layers needs to be developed and included in the operations section.

Flooding of the phase due to not having adequate CCR in place would need a contingency plan
developed and included in the construction permit application. The inundation of the phase
area would need to be equalized to prevent significant differential head on the liner.
Additionally, the pumping down would need to occur relative to the floodwaters surrounding the
phase as they recede to prevent a high differential head.

The Solid Waste Excluded lists Major Appliances and Whole Waste Tires. Modify these to list
as Any Appliances and Waste Tires.

Dust suppression must be employed to prevent the migration of CCR offsite during all phases of
construction, including mining activities, if and when allowed.

Backup equipment or additional equipment is necessary more quickly than within 3 days due to
the volume of waste generated. If a piece of equipment goes down, backup or replacement
equipment should be in use within 24 hours.

Seeding to establish vegetation on the intermediate side slope cover needs to occur within a
much shorter period than annually as provided in the Phases 1, 2, 3 and 4 Aesthetic Cover
section.

General Comments

The waste boundary should be reduced to allow the groundwater monitoring wells to be
installed in the area of the DSI. If the wells are installed outside the area of the DSI, the data
from the wells must be complied and correlated to existing DSI data and provided as an
addendum to the DSI.

Provide the approved design and drawings of the proposed underpass for Labadie Bottom Road
and all approvals from the controlling authorities.

Sheet 8 appears to be missing leaders and detailed descriptions. Please update for further
review.

Appendix D

Appendix D should be renamed “Violation History Disclosure Form” rather than the older
language which has a negative connotation.

Appendix H
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The only document contained in Appendix H Floodplain Documentation is a review letter for the
“Floodplain Analysis of the Missouri River for the Ameren Missouri Labadie Energy Center” by
the Independent Registered Professional Engineer (IRPE). Please provide the additional
documentation that was submit to receive this letter from the IRPE.

Appendix J

The Table of Contents for Appendix J lists that Files on Enclosed CD. AEI was not provided the
CD which includes the Files of the Printed Outputs from Computer Runs to review. We will
need a copy of the computer runs of the revised report based upon the comment letters.

Friction angles for the geomembrane/clay interface appear to be too high. The direct shear
testing performed on the interface did not adequately displace the interface and the normal
loads were low. The displacement testing should be on the order of inches and the normal
stresses need to meet the full capacity of the landfill design. Additionally, at lower normal
stresses, the critical interface may occur between the geomembrane and geotextile or
geocomposite. All of the designs need to be analyzed to have the proper inputs for stability
analysis. The bottom liner illustrated as detail 3/17 Bottom Liner and Leachate Collection Detail
shows a smooth geomembrane, not a textured HDPE geomembrane as was tested and
provided in Appendix A-1 of Appendix J. The interface friction angle (15 degrees) utilized in the
Analysis and Design of Veneer Cover Soils, Figure E-42, is a more representative value for
textured HDPE geomembranes/clay interface.

Friction angles in the stability analyses don’t correspond to the testing on the CH clay liner
material from the offsite borrow. Triaxial shear testing (CU) on the CH clay resulted in phi of
14.6 effective stress shear angle with cohesion near 0.21 tons per square foot. The effective
friction angle used in the stability analysis for the compacted clay liner was listed as 25 degrees.
Verify each input providing references for their values.

The stability analysis failed to meet the required and recommended factor of safeties. Cross-
section E-E’ failed to meet the factor of safety of 1.5 for the static drained global circular failure
surface both with the initial and full fill of CCP.

The minimum factor of safety recommended by the draft technical guidance document from
MDNR-SWMP and Stark is 1.2 to 1.3, not 1.1 as listed in Table E-2 Results of Slope Stability
Analyses.

Liquefaction has been determined to occur in multiple layers. When reviewing the post-liquefied
shear strengths provided in the table for the stability analysis, they don't match the shear
strengths from correlation charts based upon the SPT blow counts. The chart referenced in the
Reitz & Jens report was H. Bolton Seed's 1987 chart. Seed and Harder updated this chart with
additional information in 1990 and this chart is available with a 3rd Order Best-Fit curve to
simplify the correlation. Please provide the graphed correlations providing the residual shear
strengths based upon the SPT blowcount corrected for the percentage of fines.

Liquefaction analysis is typically performed in the upper 50’ of unconsolidated materials. Almost
every boring was stopped at 35 in depth. Due to the lack of information from the 35’ to 50’
interval of the unconsolidated materials, provide a narrative justifying why liquefaction would not
be anticipated at depths below 35'.
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The draft technical guidance document from MDNR-SWMP and Stark wasn’t intended for
designing landfills within a very young geologic age and active floodplain. Stability analysis for
varying phases of filling is necessary due to the proposed location of the landfill.

Protective/drainage layers are missing from the stability analysis. Both designs need analyzed
in the stability models if both are considered for permitting and construction.

The boring B-100 is no longer centralized or even under a cell of the landfill. Other soil profiles
should be analyzed to provide the critical Shake analysis. This will require additional borings to
bedrock within the footprint of the landfill.

The information provided in Section 5.3 Estimate of Yield Acceleration and Lateral Spreading for
the short-duration time history appears to be incorrect and/or not the most critical based upon
the provided charts. The data provided for the short-duration time history came from chart #10
(page C-9) when chart #2 (page C-10) provide a higher peak rock acceleration = 0.25 and
PHGA = 0.24 based upon the output provided from SHAKE2000 analysis using the same soil
profile. The values provided are for the unfilled conditions. Additional model runs were
completed for the filled conditions for use in the final cover but not discussed in this section.
Provide a narrative with the Appendix C Results of Seismic Risk Analyses to detail the
assumptions and correlate the model analysis from the inputs to the generated results. Update
this information and use it in your modeling.

Provide the actual stability analysis for the deformation analysis and provide with a narrative
rather than a table listing the yield accelerations and deformations for the short and long-
duration events.

The Table of Contents for Appendix C Seismic Analyses appears to have C-18 & C-19 swapped
with C-20 & C-21. Please revise and verify the information.

Settlement analysis demonstrates some differential settlement which could cause ponding in the
flat stormwater channels, a reduction in the overall height of the berms and settlement of the
base grades of the landfill. Each of these must be discussed including how Franklin County’s
regulations will be satisfied during all phases of construction, filling and closure. Additionally,
the settlement analysis typically has a range of settlement that may occur due to variability in
the underlying subgrade and must be conservatively considered in the analysis to prevent
overtopping of the exterior and interior berms due to a 500-year flood event.

Provide the calculations correlating the CPT test data to the elastic modulus utilized in the
Settlement Analysis. The CPT logs which were provided in the DSI don’t provide enough detail
to verify the elastic moduli provided in the settlement analyses. Additionally, heavily loaded
conditions decrease the modulus, so these factors need to be accounted for relative to their
location within the footprint of the fill. The Bowles 1997 reference appears to be dated and
newer, more precise correlations are widely available which utilize the normalized cone
resistance and normalized friction ration.

Calculate the bearing capacity of the subgrade in varying locations throughout the footprint.

Additionally, calculate the bearing capacity during a maximum credible seismic event which
induces liquefaction during each phase of construction and filling of the landfill.
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The protection of liner from hydrostatic uplift discusses the flooding with the gravel drainage
layer and sand protective layer. The alternate design with the geocomposite drain and
protective sand layer must also be discussed in the flooding scenarios.

In Appendix G — Design of Fabric-Formed Concrete Mat (FCM), the factor of safety calculation
has a missing value, t (= 0.183 ft} in the numerator after substitution:

F.S = [ﬂ(t)()’c — Yw)cosBcos “TDES]
VIt@e = Yw)sind1? + Tpps?

_ [0.637(130 PCF — 62.4 PCF)cos(18.435%)cos(0°) — TDES]
J1(0.183)(130 — 62.4)sin18.435]Z + Tpgg?

This reduces the value of the maximum design velocity significantly. Update the calculations
with the thickness of the fabric-formed concrete included.

Appendix O

The filter design basis in the Memo from Bruce Dawson, PE to Gredell Engineering Resources,
Inc, included in Appendix O-1, requires a tighter gradation for the sand protective layer based
upon the R15 provided. The D15 for the sand should range from 0.24 mm to 0.8 mm based
upon the D15 of the Fly Ash and the R15 provided from the Peck Hanson Thornburn filter
criteria.

Appendix P

The Construction Quality Assurance Plan inadequately addresses the requirements in 10 CSR
80-11.010(6)(B)1.A. “A detailed description of the QA/QC testing procedures that will be used
for every major phase of construction. The description must include at a minimum, the
frequency of inspections, field testing, laboratory testing, equipment to be utilized, the limits for
test failure, and a description of the procedures to be used upon test failure;” Specifically, this
section should include tables showing the frequency and acceptable test result values for each
testing procedure. The Air Pressure Testing of seams cannot allow a drop of 4 psi during the 5
minute test. It must not drop more than 10% of the equalized pressure of at least 25 psi.

Appendix P Construction Quality Assurance Plan section 3.2 Test Pad references the
Demolition Landfill regulations. Please revise to reference the appropriate regulations.

in section 3.5 Quality Assurance Monitoring and Testing, the following statement must be
omitted since there is no justification of the reduced testing frequency. “If liner quality soils are
stockpiled on site prior to the beginning of placement, a reduced frequency of verification testing
will be requested.”

A log of soils should be maintained for soils brought in from offsite. The log should provide the
testing performed and the intended use on site. This will assist in construction planning for each
cell construction.

Appendix V

Need a full size Survey Plat for review of Appendix V.
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Appendix Y

In Appendix Y(a) Leachate Pipe and Pump Calculations, the leachate storage tank is listed as a
12-ft diameter horizontal tank. The drawings provided for the site have a vertical storage tank
shown without any detail drawings for the storage tanks. Provide a detailed drawing for the
storage tanks and the anticipated operations of the tanks to prevent them from exceeding
capacity. Provide the pump details for the pumps within the leachate storage tanks. This
should be included in the leachate management plan.

In Appendix Y(a) Pipe Capacities, the flow capacity calculation in this section was miscalculated
by a factor of 10:

1.49 2 1
Q =55 % 0-156 X 0111 /3% 0.005'72 # 4.2 cfs
= 042 cfs

In Appendix Y(a), the Leachate Pipe Crushing and Buckling Scenarios, Scenario 1 provides an
H20 truck in the analysis. This size of truck is normal for highway use but it is anticipated based
upon the amount of CCR being deposited that the size of the equipment and tire loads could be
greater. Scenario 3 uses a live load of a 3 ton skid steer on the sump riser trench with one foot
of CCR placed over the top of the sump riser trench. In all likelihood, this loading would occur
prior to the placement of the CCR and the geotextile, and would be used to place the clean
gravel. Additionally, Scenarios 1 and 3 drawings appears to be in error that CCR would be
placed as the protective cover over the geocomposite drainage. Please revise these drawings
and recalculate with the proper loading. It also appears that the pipe values were not reduced
due to the perforations in Scenarios 1 and 2. Density of waste is listed as 75 pcf. Testing
results in Appendix J report higher densities for CCPs. A density of 93 pcf is assumed in
calculations in Appendix Y(d).

in Appendix Y(c) — Water Management Calculations, the second paragraph of the concluding
statements reads “Backup leachate management will be at an offsite POTW.” The permit should
specify which POTW will manage the leachate as backup and a signed agreement pertaining to
this management should be included.

In Appendix Y(d) — Flood Mitigation Calculations, Pumping Rates for Flood Water Protection —
Cell 3, the concluding statement reads, “A pumping rate of 13,194 gpm, pumping 24 hours per
day, is required to fill Cell 3 in 10 days for 100-year flood protection.” The source and location
of the required water supply, as well as the necessary equipment for pumping should be
specified.

Included in Appendix Y(e), the clay/geomembrane interface for the side slope cover material
stability calculates with a factor of safety of 1.46, below the 1.5 as stated. The interface friction
angles used for the clay and geomembrane are stated to be taken from Table 5.6 and Table
5.7. Analysis and Design of Veneer Cover Soils is included in Appendix J with an interface
friction angle of 15 degrees. In hand written calculations provided in Appendix Y(e), the factor
of safety for CCR to geomembrane is calculated as 1.2 in static conditions. Provide a detailed
narrative with additional calculations to support the provided calculations and how they relate to
each other. If the fly ash were to be utilized as being in intimate contact with the geomembrane
with moistures approximately five percent over optimum, this interface would need laboratory
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testing as part of the demonstration for an alternative final cover system and included in the
stability analysis.

in Appendix Y(e), the attached printout for the 60 mil Geomembrane has 23.00 kN/m provided

as the Allowable Force in Geosynthetic, TDESIGN. The valve for the Strength at Yield in the
GSE Product Data Sheets has 22 n/fmm. Update the value in the printout.
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Liner & Cover

1. The separation between the compacted soil component of the composite liner shall be two
feet above the Natural Water Table in the site area. Provide a potentiometric surface map for
the critical monitoring events from the DSI with the post-settlement base grades provided of the
landfill footprint. In any area where the potentiometer surface map illustrates that the surface is
above the existing topography, use the top of the existing topography (pre-land disturbance) for
those areas. (Article 10, Section 238 C.3.c.)

2. On Sheets 22 and 23, show the bottom of the clay liner on the cross section drawings.
(Article 10, Section 238 C.3.c., Article 10, Section 238 C.3. 10 CSR 80-11.010(4)(B)6.)

3. If soils from onsite are acceptable for clay liner, prior to use for such, a test pad for these
materials would be necessary since the offsite borrow soils are different. (Article 10, Section
238 C.3. & 10 CSR 80-11.010(10)(C)1.)

4. No demonstration was made to not use one foot (1) of 1x10° cm/sec soil in the final cover
directly under the geomembrane. A demonstration is required and must be approved for the
use of an alternate final cover. 10 CSR 80-11.010(14)(C)3. “As each phase of the utility waste
landfill is completed, a final cover system shall be installed consisting of one foot (1°) of
compacted clay with a coefficient of permeability of 1 X 10 cm/sec or less and overlaid with
one foot (1’) of soil capable of sustaining vegetative growth.” 10 CSR 80-11.010(14)(C)5. “The
department may approve the use of an alternative final cover system provided that the
owner/operator can demonstrate to the department that the alternative design will be at least
equivalent to the final cover system described in paragraph (14)(C)3. of this rule.” The
proposed final cover in the permit application consists of “a textured 40-mii HDPE
geomembrane liner placed directly on the CCRs, overlain by a 16-0z/yd® non-woven, needle-
punched geotextile, and covered with two (2) feet of nominally compacted vegetative soil
capable of supporting the final vegetation cover.® The proposed final cover does not include all
the minimum requirements, specifically the 1-foot low-permeability compacted clay layer, nor is
it demonstrated that the proposed final cover would be equivalent to those requirements.
(Article 10, Section 238 C.3. & 10 CSR 80-11.010(14)(C)3.)

5. The plan sheets don’t match the CQA Plan for the top crown HDPE. Please revise and
provide the appropriate calculations as necessary. (Article 10, Section 238 C.3. & 10 CSR 80-
11.010(14)(B)8.)

8. Sheet 19 shows one anchor trench containing the liner geomembrane, the geocomposite
drain, and the final cover geomembrane. A second anchor trench for the cover system is
necessary to prevent damage to the previously installed geosynthetic components. (General
Engineering Comment)

7. On Sheet 19, the Perimeter Ditch at Closure shows 12” of cover sails over the geomembrane
with no clay liner beneath the geomembrane. A minimum of two feet of soil cover must be over
the landfilled CCR. Additionally, erosion protection in the perimeter ditch is necessary to
prevent exposure of the geomembrane. (Article 10, Section 238 C.3. & 10 CSR 80-
11.010(14)(C)3.)
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Leachate Collection

8. The landfill liner and overlying leachate collection system must have a minimum slope of 1%,
pre and post settlement. Revise the landfill grades to meet this requirement during all times
within the landfill footprint. Provide plan sheets with the critical cross sections which show the
pre and post settlement landfill base grades. (Article 10, Section 238 C.3.; Article 10, Section
238 C.3.e. & 10 CSR 80-11.010(10)(B)4.)

9. Specify the geotextiles for the cushion fabric and the filter fabric shown in the Bottom Liner
and Leachate Collection System Detail. Provide the supporting documentation and any
necessary calculations. (General Engineering Comment)

10. Provide detail drawings for the pipe perforation or slotting pattern for the leachate collection
lines and sump riser pipe. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10

CSR 80-11.010(9)(B)1.C.)

11. H.E.L.P. models include only fly ash layers. Section 3.1.4 of the report states that waste
are predicted to include “approximately 70% fly ash and 30% bottom ash”. This report also
discusses the acceptance of Flue Gas Desulfurization (FGD) byproducts. Neither bottom ash
nor FGD byproducts were included in any of the H.E.L.P. models. The H.E.L.P. models used
default values for fly ash when some values, such as hydraulic conductivity, were tested for in
Appendix J. Use the anticipated waste composition for modeling purposes. (Article 10, Section
238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

Leachate Storage and Conveyance

12. The leachate storage tanks have no capacities or sizes listed or illustrated in the drawings.
The leachate storage tanks must be sized based upon the pumping rates of the sumps within
the landfill, and the maintenance and inspection schedule or control systems for each. (Article
10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.A.)

13. Leachate storage tank appears misplaced on Sheet 6. (General Engineering Comment)

14. The Leachate and Stormwater Forcemains are shown in the Exterior Berm without the
depths noted. The forcemains must be installed at a depth to prevent freezing during cold
weather conditions. Additionally, account for these forcemains being located in a berm above
grade and the landfill will not have exothermic reactions. (Article 10, Section 238 C.3.; Article
10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.D.)

15. Due to the size of the cells, provide calculations to show the removal rate of leachate
generated from a storm event during the first couple of weeks of filling. Justify the storm event,
calculate the removal rate and describe disposal method utilized. (Article 10, Section 238 C.3.;
Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

Stormwater

16. The stormwater management plan for the site allows most stormwater to become contact
waters and thus leachate. Based upon the stormwater management plan, no waters onsite will
be allowed to discharge from the site and must be contained and treated as leachate.
Additionally, a one-way valve rather than a gate valve alone would be required in the
Stormwater Ponds (Leachate Ponds) to prevent leachate out of the ponds during the
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equalization. These ponds will additionally need to be designed with a liner system which
meets the requirements of MDNR’s Solid Waste Management and Water Protection Programs
for storing leachate (waste waters). The use of these waters will be limited to within the
composite lined landfill area or for use as makeup waters within the power plant’s future
scrubber systems. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e.; 10 CSR 80-
11.010(8)(B)1.F.(V); 10 CSR 80-11.010(8)(C)2. & 10 CSR 80-11.010(9)(C)2.)

17. The 25-year, 24-hour rainfall event is greater than 5.6 inches based upon the NOAA Atlas
14 Volume 8, Version 2 Point Precipitation Frequency Estimates. Increase the 25-year, 24-hour
rainfall event to the recently revised amount. (Article 10, Section 238 C.3.; 10 CSR 80-
11.010(8)(B)1.F.(Ill) & 10 CSR 80-11.010(9)(B)3.)

18. Section 4.1.2 Sequence of Phase Construction describes the construction sequence of
each phase. The Phase 1 Construction Sequence doesn’t discuss the timing of constructing the
stormwater pond, but Phases 3 and 4 Construction Sequence discusses constructing the
stormwater ponds after placing CCR in the phase area. The construction of each stormwater
pond and the CQA report for each must be approved prior to placing CCR into the phase area
associated with the stormwater pond. (General Engineering Comment)

19. In 4.2.1 UWL Disposal Operational Description section, the perimeter ditches around each
phase must not provide storage of stormwater but must be designed to rapidly convey
stormwater to the stormwater ponds for storage. (Article 10, Section 238 C.3. & 10 CSR 80-
11.010(8)(B)1.F.(V))

20. The perimeter ditches are designed with flat slopes. This may lead to standing water
retained in these ditches which does not minimize infiltration. This design also may not empty
expeditiously after storms. Additionally, this doesn’t take into account the anticipated differential
settlement. 10 CSR 80-11.010(8)(B)1.F.: “Provisions for surface water runoff control to
minimize infiltration and erosion of cover. All Water Pollution Control Program permits and
approvals necessary to comply with requirements of the Missouri Clean Water Law and
corresponding rules shall be obtained from the department.” 10 CSR 80-11.010(8)(B)1.F.(IV):
“On-site drainage and channels shall be designed to empty expeditiously after storms to
maintain the design capacity of the system.” (Article 10, Section 238 C.3.; 10 CSR 80-
11.010(8)(B)1.F. & 10 CSR 80-11.010(8)(B)1.F.(IV))

21. Since the perimeter ditches are designed with flat slopes, it would be difficult to estimate the
amount of watershed area that would collect into the two separate ponds that serve Cells 3 and
4. The notes for Tables N-2 to N-5 state that “flows are split generally at half the distance
between the entrances to the pond along the perimeter ditch.” While this would seem like a
reasonable assumption in theory, actual field conditions, subject to settlement and weathering,
will probably not result in a perfectly flat ditch slope. Additionally, no consideration is given to the
differences in times of concentration that would be present along the perimeter ditches due to
the varying flow lengths down the final cover slopes. (General Engineering Comment)

22. On Sheets 5 and 7, show how the stormwater from Cell 2 will flow into the Stormwater
Pond 1. (General Engineering Comment)

23. After closure, all stormwater should be routed through the stormwater ponds to reduce

sediment loading rather than allowing the letdown structures to discharge over the exterior
berms. (General Engineering Comment)
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Berms

24. Interior berms filled with CCR must be constructed immediately after receiving the
Operating Permit or Authorization to Operate due to placing waste within the landfill footprint.
Additional CQA reporting will then be required for the construction of the interior berm and
requires approval prior to placing CCR material onto it. (Article 10, Section 238 C.3.d.)

25. The design of the landfill has the interior berms exposed the same as the exterior berms
during the filling of Cells 1 and 3, thus it is required to have the same protection as the exterior
berms since they would be considered exterior berms during the filling of cells 1 and 3, prior to
the construction of cells 2 and 4. (Article 10, Section 238 C.3.d.)

26. In the interior berms, the geomembrane needs to wrap back over the leachate collection
and protection layers at the point of future tie in to prevent backed-up leachate from seeping
through the exterior slope. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10
CSR 80-11.010(9)(C)2.)

27. Section 3.3.2.3 Franklin County Requirement — Erosion Protection in the Landfill Design
discusses 2.2-inch thick fabric-formed concrete mats and Appendix K states that the exterior
berm slopes will be lined with a 6-inch thick, fabric-formed articulated concrete mat. Section 9.0
Erosion Protection From Levee Overtopping of Failure in Appendix J provides a 56mm (2.2-
inches) thick fabric-formed concrete mat such as Hydrotex FP220. The drawings include no
dimensions. Revise all section and have the same dimensions listed for each. Additionally, add
details to the drawings for the fabric-formed concrete mats. (Article 10, Section 238 C.3.d.)

Operations

28. The procedure for the placement of the first lift of CCR to prevent damage to the underlying
layers needs to be developed and included in the operations section. (Article 10, Section 238
C.3. & 10 CSR 80-11.010(2)(C)1.)

29. Flooding of the phase due to not having adequate CCR in place would need a contingency
plan developed and included in the construction permit application. The inundation of the phase
area would need to be equalized to prevent significant differential head on the liner.
Additionally, the pumping down would need to occur relative to the floodwaters surrounding the
phase as they recede to prevent a high differential head. (Article 10, Section 238 C.3.; Article
10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

30. The Solid Waste Excluded lists Major Appliances and Whole Waste Tires. Modify these to
list as Any Appliances and Waste Tires. (Article 10, Section 238 C.3 & 10 CSR 80-
11.010(3)(A))

31. Dust suppression must be employed to prevent the migration of CCR offsite during all
phases of construction, including mining activities, if and when allowed. (Article 10, Section 238
C.3; 10 CSR 80-11.010(12)(A) & 10 CSR 80-11.010(13)(C)1.)

32. Backup equipment or additional equipment is necessary more quickly than within 3 days
due to the volume of waste generated. If a piece of equipment goes down, backup or
replacement equipment should be in use within 24 hours. (Article 10, Section 238 C.3 & 10
CSR 80-11.010(15)(B)1.)
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33. Seeding to establish vegetation on the intermediate side slope cover needs to occur within
a much shorter period than annually as provided in the Phases 1, 2, 3 and 4 Aesthetic Cover
section. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(13)(B))

General Comments

34. The waste boundary should be reduced to allow the groundwater monitoring wells to be
installed in the area of the DSI. If the wells are installed outside the area of the DSI, the data
from the wells must be complied and correlated to existing DS! data and provided as an
addendum to the DSI. (Article 10, Section 238 C.3; 10 CSR 80-2.015(1)(D) & 10 CSR 80-2.015
Appendix |)

35. Provide the approved design and drawings of the proposed underpass for Labadie Bottom
Road and all approvals from the controlling authorities. (Article 10, Section 238 C.3 & 10 CSR
80-11.010(4)(C)1.)

36. Sheet 8 appears to be missing leaders and detailed descriptions. Please update for further
review. (General Engineering Comment)

Appendix D

37. Appendix D should be renamed “Violation History Disclosure Form” rather than the older
language which has a negative connotation. (Article 10, Section 238 C.3 & 10 CSR 80-
2.020(2)(A)2.1.)

Appendix H

38. The only document contained in Appendix H Floodplain Documentation is a review letter for
the “Floodplain Analysis of the Missouri River for the Ameren Missouri Labadie Energy Center”
by the Independent Registered Professional Engineer (IRPE). Please provide the additional
documentation that was submitted to receive this letter from the IRPE. (Article 10, Section 238
C.3; 10 CSR 80-11.010(4)(B)1.)

Appendix J

39. The Table of Contents for Appendix J lists the Files on Enclosed CD. AEI was not provided
the CD which includes the Files of the Printed Outputs from Computer Runs to review. We will
need a copy of the computer runs of the revised report based upon the comment letters.
(Article 10, Section 238 C.3 & 10 CSR 80-2.020(2)(A)2.B.)

40. Friction angles for the geomembrane/clay interface appear to be too high. The direct shear
testing performed on the interface did not adequately displace the interface and the normal
loads were low. The displacement testing should be on the order of inches and the normal
stresses need to meet the full capacity of the landfill design. Additionally, at lower normal
stresses, the critical interface may occur between the geomembrane and geotextile or
geocomposite. All of the designs need to be analyzed to have the proper inputs for stability
analysis. The bottom liner illustrated as detail 3/17 Bottom Liner and Leachate Collection Detail
shows a smooth geomembrane, not a textured HDPE geomembrane as was tested and
provided in Appendix A-1 of Appendix J. The interface friction angle (15 degrees) utilized in the
Analysis and Design of Veneer Cover Soils, Figure E-42, is a more representative value for
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textured HDPE geomembranes/clay interface. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4.B. & Draft Technical Guidance Document on Static and Seismic Slope Stability
for Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

41. Friction angles in the stability analyses don't correspond to the testing on the CH clay liner
material from the offsite borrow. Triaxial shear testing (CU) on the CH clay resulted in phi of
14.6 effective stress shear angle with cohesion near 0.21 tons per square foot. The effective
friction angle used in the stability analysis for the compacted clay liner was listed as 25 degrees.
Verify each input providing references for their values. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4.B. & Draft Technical Guidance Document on Static and Seismic Slope Stability
for Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

42. The stability analysis failed to meet the required and recommended factor of safeties.
Cross-section E-E’ failed to meet the factor of safety of 1.5 for the static drained global circular
failure surface both with the initial and full fill of CCP. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

43. The minimum factor of safety recommended by the draft technical guidance document from
MDNR-SWMP and Stark is 1.2 to 1.3, not 1.1 as listed in Table E-2 Results of Slope Stability
Analyses. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance
Document on Static and Seismic Slope Stability for Solid Waste Containment Facilities
produced by The Solid Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D.,
P.E. Associate Professor of Civil Engineering, Department of Civil Engineering, University of
lilinois at Urbana-Champaign)

44, Liguefaction has been determined to occur in multiple layers. When reviewing the post-
liquefied shear strengths provided in the table for the stability analysis, they don’t match the
shear strengths from correlation charts based upon the SPT blow counts. The chart referenced
in the Reitz & Jens report was H. Bolton Seed’s 1987 chart. Seed and Harder updated this
chart with additional information in 1990 and this chart is available with a 3rd Order Best-Fit
curve to simplify the correlation. Please provide the graphed correlations providing the residual
shear strengths based upon the SPT blowcount corrected for the percentage of fines. (Article
10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance Document on Static
and Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

45. Liquefaction analysis is typically performed in the upper 50’ of unconsolidated materials.
Almost every boring was stopped at 35’ in depth. Due to the lack of information from the 35’ to
50’ interval of the unconsolidated materials, provide a narrative justifying why liquefaction would
not be anticipated at depths below 35". (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4.
& Draft Technical Guidance Document on Static and Seismic Slope Stability for Solid Waste
Containment Facilities produced by The Solid Waste Management Program/DEQ/MDNR and
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Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil
Engineering, University of lilinois at Urbana-Champaign)

46. The draft technical guidance document from MDNR-SWMP and Stark wasn't intended for
designing landfills within a very young geologic age and active floodplain. Stability analysis for
varying phases of filling is necessary due to the proposed location of the landfill. (Article 10,
Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance Document on Static
and Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

47. Protective/drainage layers are missing from the stability analysis. Both designs need
analyzed in the stability models if both are considered for permitting and construction. (Article
10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4.B. & Draft Technical Guidance Document on
Static and Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

48. The boring B-100 is no longer centralized or even under a cell of the landfill. Other soil
profiles should be analyzed to provide the critical Shake analysis. This will require additional
borings to bedrock within the footprint of the landfill. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

49, The information provided in Section 5.3 Estimate of Yield Acceleration and Lateral
Spreading for the short-duration time history appears to be incorrect and/or not the most critical
based upon the provided charts. The data provided for the short-duration time history came
from chart #10 (page C-9) when chart #2 (page C-10) provide a higher peak rock acceleration =
0.25 and PHGA = 0.24 based upon the output provided from SHAKE2000 analysis using the
same soil profile. The values provided are for the unfilled conditions. Additional model runs
were completed for the filled conditions for use in the final cover but not discussed in this
section. Provide a narrative with the Appendix C Results of Seismic Risk Analyses to detail the
assumptions and correlate the model analysis from the inputs to the generated results. Update
this information and use it in your modeling. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

50. Provide the actual stability analysis for the deformation analysis and provide with a
narrative rather than a table listing the yield accelerations and deformations for the short and
long-duration events. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical
Guidance Document on Static and Seismic Slope Stability for Solid Waste Containment
Facilities produced by The Solid Waste Management Program/DEQ/MDNR and Timothy D.
Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil Engineering,
University of lllinois at Urbana-Champaign)
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51. The Table of Contents for Apbendix C Seismic Analyses appears to have C-18 & C-19
swapped with C-20 & C-21. Please revise and verify the information. (General Engineering
Comment)

52. Settlement analysis demonstrates some differential settlement which could cause ponding
in the flat stormwater channels, a reduction in the overall height of the berms and settlement of
the base grades of the landfill. Each of these must be discussed including how Franklin
County’s regulations will be satisfied during all phases of construction, filling and closure.
Additionally, the settlement analysis typically has a range of settlement that may occur due to
variability in the underlying subgrade and must be conservatively considered in the analysis to
prevent overtopping of the exterior and interior berms due to a 500-year flood event. (Article 10,
Section 238 C.3; Article 10, Section 238 C.3d.i.; 10 CSR 80-11.010(5)(A)4.A & 10 CSR 80-
11.010(8)(B)1.F.(IV))

53. Provide the calculations correlating the CPT test data to the elastic modulus utilized in the
Settlement Analysis. The CPT logs which were provided in the DSI don’t provide enough detail
to verify the elastic moduli provided in the settlement analyses. Additionally, heavily loaded
conditions decrease the modulus, so these factors need to be accounted for relative to their
location within the footprint of the fill. The Bowles 1997 reference appears to be dated and
newer, more precise correlations are widely available which utilize the normalized cone
resistance and normalized friction ration. (Article 10, Section 238 C.3 & 10 CSR 80-
11.010(5)(A)4.A)

54. Calculate the bearing capacity of the subgrade in varying locations throughout the footprint.
Additionally, calculate the bearing capacity during a maximum credible seismic event which
induces liquefaction during each phase of construction and filling of the landfill. (Article 10,
Section 238 C.3 & 10 CSR 80-11.010(5)(A)4.A)

55. The protection of liner from hydrostatic uplift discusses the flooding with the gravel drainage
layer and sand protective layer. The alternate design with the geocomposite drain and
protective sand layer must also be discussed in the flooding scenarios. (General Engineering
Comment)

56. In Appendix G — Design of Fabric-Formed Concrete Mat (FCM), the factor of safety
calculation has a missing value, t (= 0.183 ft) in the numerator after substitution:

F.S = [#(t)(}’c — Yw)cosfcos « —TDEs]
\/[t(Yc - yw)Sine]z + TDESZ

. [0.637(130 PCF — 62.4 PCF)cos(18.435°)cos(0°) — TDES]
' J1(0.183")(130 — 62.4)sin18.435]% + Tpgs?

This reduces the value of the maximum design \)elocity significantly. Update the calculations
with the thickness of the fabric-formed concrete included. (General Engineering Comment)

Appendix O
57. The filter design basis in the Memo from Bruce Dawson, PE to Gredell Engineering

Resources, Inc, included in Appendix O-1, requires a tighter gradation for the sand protective
layer based upon the R15 provided. The D15 for the sand should range from 0.24 mm to 0.8
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mm based upon the D15 of the Fly Ash and the R15 provided ﬂ:om the Peck Hanson Thornburn
filter criteria. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(9)(B)1.D.)

Appendix P

58. The Construction Quality Assurance Plan inadequately addresses the requirements in 10
CSR 80-11.010(6)(B)1.A. “A detailed description of the QA/QC testing procedures that will be
used for every major phase of construction. The description must include at a minimum, the
frequency of inspections, field testing, laboratory testing, equipment to be utilized, the limits for
test failure, and a description of the procedures to be used upon test failure;” Specifically, this
section should include tables showing the frequency and acceptable test result values for each
testing procedure. The Air Pressure Testing of seams cannot allow a drop of 4 psi during the 5
minute test. It must not drop more than 10% of the equalized pressure of at least 25 psi.
(Article 10, Section 238 C.3 & 10 CSR 80-11.010(6)(B)1.A.)

59. Appendix P Construction Quality Assurance Plan section 3.2 Test Pad references the
Demolition Landfill regulations. Please revise to reference the appropriate regulations. (Article
10, Section 238 C.3 & 10 CSR 80-11.010(10)(C)1.)

60. In section 3.5 Quality Assurance Monitoring and Testing, the following statement must be
omitted since there is no justification of the reduced testing frequency. “If liner quality soils are
stockpiled on site prior to the beginning of placement, a reduced frequency of verification testing
will be requested.” (Article 10, Section 238 C.3 & 10 CSR 80-11.010(6)(C)1.)

61. A log of soils should be maintained for soils brought in from offsite. The log should provide
the testing performed and the intended use on site. This will assist in construction planning for
each cell construction. (General Engineering Comment)

Appendix V
62. Need a full size Survey Plat for review of Appendix V. (General Engineering Comment)
Appendix Y

63. In Appendix Y(a) Leachate Pipe and Pump Calculations, the leachate storage tank is listed
as a 12-ft diameter horizontal tank. The drawings provided for the site have a vertical storage
tank shown without any detail drawings for the storage tanks. Provide a detailed drawing for the
storage tanks and the anticipated operations of the tanks to prevent them from exceeding
capacity. Provide the pump details for the pumps within the leachate storage tanks. This
should be included in the leachate management plan. (Article 10, Section 238 C.3.; Article 10,
Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.A.)

64. In Appendix Y(a) Pipe Capacities, the flow capacity calculation in this section was
miscalculated by a factor of 10:

1.49
Q = ——x 0.156 x 0.111%/3 X 0.005 /2 * 4.2 cfs

.009
= 042 cfs
(Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B))
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65. In Appendix Y(a), the Leachate Pipe Crushing and Buckling Scenarios, Scenario 1 provides
an H20 truck in the analysis. This size of truck is normal for highway use but it is anticipated
based upon the amount of CCR being deposited that the size of the equipment and tire loads
could be greater. Scenario 3 uses a live load of a 3 ton skid steer on the sump riser trench with
one foot of CCR placed over the top of the sump riser trench. In all likelihood, this loading
would occur prior to the placement of the CCR and the geotextile, and would be used to place
the clean gravel. Additionally, Scenarios 1 and 3 drawings appears to be in error that CCR
would be placed as the protective cover over the geocomposite drainage. Please revise these
drawings and recalculate with the proper loading. It also appears that the pipe values were not
reduced due to the perforations in Scenarios 1 and 2. Density of waste is listed as 75 pcf.
Testing results in Appendix J report higher densities for CCPs. A density of 93 pcf is assumed in
calculations in Appendix Y(d). (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10

CSR 80-11.010(9)(B)1.C.)

66. In Appendix Y(c) — Water Management Calculations, the second paragraph of the
concluding statements reads “Backup leachate management will be at an offsite POTW.” The
permit should specify which POTW will manage the leachate as backup and a signed
agreement pertaining to this management should be included. (Article 10, Section 238 C.3;
Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)4.)

67. In Appendix Y(d) — Flood Mitigation Calculations, Pumping Rates for Flood Water
Protection — Cell 3, the concluding statement reads, “A pumping rate of 13,194 gpm, pumping
24 hours per day, is required to fill Cell 3 in 10 days for 100-year flood protection.” The source
and location of the required water supply, as well as the necessary equipment for pumping
should be specified. (General Engineering Comment)

68. Included in Appendix Y(e), the clay/geomembrane interface for the side slope cover
material stability calculates with a factor of safety of 1.46, below the 1.5 as stated. The interface
friction angles used for the clay and geomembrane are stated to be taken from Table 5.6 and
Table 5.7. Analysis and Design of Veneer Cover Soils is included in Appendix J with an
interface friction angle of 15 degrees. In hand written calculations provided in Appendix Y{e),
the factor of safety for CCR to geomembrane is calculated as 1.2 in static conditions. Provide a
detailed narrative with additional calculations to support the provided calculations and how they
relate to each other. If the fly ash were to be utilized as being in intimate contact with the
geomembrane with moistures approximately five percent over optimum, this interface would
need laboratory testing as part of the demonstration for an alternative final cover system and
included in the stability analysis. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(5)(A)4.D.)

69. In Appendix Y(e), the attached printout for the 60 mil Geomembrane has 23.00 kN/m
provided as the Allowable Force in Geosynthetic, TDESIGN. The valve for the Strength at Yield
in the GSE Product Data Sheets has 22 N/mm. Update the value in the printout. (General
Engineering Comment)
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Ameren Missouri, Labadie Utility Waste Landfill - Construction Permit Application Page 1
Response to IRPE Review Comments
July 8,2013

The following responds to the comments made by Franklin County’s Independent Registered

Professional Engineer (IRPE) concerning their review of the Construction Permit Application
(CPA) for Ameren Missouri’s proposed Utility Waste Landfill (UWL) at the Labadie Energy

Center. The CPA was submitted to Franklin County on January 29, 2013. The IRPE’s review
comments were transmitted to Franklin County under cover of a letter dated June 6, 2013. A

copy of the IPE’s cover letter and comments are attached.

Certain of the IRPE’s comments refer to items which the IRPE concludes are required by
Franklin County’s new Landfill Ordinance 2011-307, and Missouri Solid Waste Management
Rules 10 CSR 80-2 and 10 CSR 80-11 for UWL permitting, design and operation of UWLs
administered by the Missouri Department of Natural Resources-Solid Waste Management
Program (MDNR-SWMP). The landfill design and operating procedures have been prepared by
the undersigned in accordance with the UWL requirements of the Missouri Solid Waste
Management Law and Rules and Franklin County ordinances, and accepted engineering practice.

The following technical responses address those review comments that relate to the additional
UWL design requirements we understand to be required by the Franklin County ordinance.
Many of the IRPE’s review comments relate to UWL design requirements that are MDNR-
SWMP’s review responsibility in accordance with 10 CSR 80-2 and 10 CSR 80-11. MDNR-
SWMP provided their CPA review comments in a May 7, 2013 letter, a copy of which was sent
to Franklin County. We defer to the MDNR-SWMP’s review letter for interpretation of the
regulatory requirements for UWL design in the State of Missouri which we believe pre-empts
many of the IRPE’s comments as to what the MDNR-SWMP statutes and regulations

require. As a result, the following responses acknowledge, but may not directly respond to
certain IRPE comments that we understand to be under MDNR-SWMP’s review.

Where the IRPE’s comments identified clerical corrections that need to be made to the CPA,
such as typographical errors, we will revise the CPA appropriately. We are revising the
Construction Permit Application and preparing a separate response to MDNR-SWMP as
required by their May 7, 2013 review letter. We will also address other minor, but non-clerical
comments, but only in the interest of expediting the review process, and in the event that
MDNR-SWMP decides otherwise, we reserve the right to comply with MDNR-SWMP
comments.

A copy of the revised Construction Permit Application and response to MDNR-SWMP will also
be sent to Franklin County.

COMMENT RESPONSES:

Liner & Cover

The UWL liner system will include a composite bottom liner consisting of 24-inches of
compacted clay with a permeability not exceeding 1 x 10”7 cm/sec overlain by a 60-mil thick
HDPE geomembrane installed before placement of CCPs, and a final cover consisting of 40-mil

REITZ & JENS, INC., GREDELL Engineering Resources, Inc.
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Ameren Missouri, Labadie Utility Waste Landfill - Construction Permit Application Page 2
Response to IRPE Review Comments
July 8,2013

HDPE liner overlain by 24-inches of soil cover to support a hardy stand of vegetation once all
CCPs are placed. The design, construction, and operation of the liner and cover meet or exceed
the design requirements of 10 CSR 80-11.010(10) and 10 CSR 80-11.010(14).

IRPE1 This comment will also be addressed in response to MDNR-SWMP’s review
comment 27. Historical flood data on the Missouri River and available historical
groundwater level data were analyzed to establish the Natural Water Table at the
Labadie UWL site at elevation 464. This analysis was presented in our April 9,
2012 “Design Basis for Groundwater Level”. A separate November 2012
“Demonstration: Base of Utility Waste Liner in Intermittent Contact with
Groundwater” showed that intermittent contact with the water table does not
impact the liner performance. Both of these documents, included in Appendix Z
of the CPA, were conceptually approved by the IRPE in their January 7, 2013,
letter to Ameren. The bottom liner grades were designed in anticipation of the
predicted settlement so that the bottom of the soil component remains at least 2
feet above the Natural Water Table, except at the sumps. The sumps will be filled
with clean gravel to a minimum elevation of 468 resulting in all CCPs disposed of
in the UWL being at least four (4) feet above the Natural Water Table.

IRPE2 The requested information will be added to Sheets 22 and 23 of the revised CPA.

IRPE S The top crown of the HDPE will be revised to be consistent on the plan sheets and
CQA Plan.

Section 238 Article 10(C)(3)c of Franklin County’s Landfill Ordinance 2011-307 requires that
the composite liner system meet the standards established by applicable portions of MDNR
regulations. The IPRE’s comments 3, 4, 6 and 7 regarding the liner and cover’s compliance with
10 CSR 80-11.010 were addressed by MDNR-SWMP in their review of the CPA. These
comments are noted, however no additional response or revision will be provided.

Leachate Collection

The UWL will use a conventional area disposal method for dry landfill disposal of CCPs. The
CCPs will be dewatered or conditioned as necessary to pass the paint filter test prior to being
transported to the UWL for disposal. In addition to intermediate and final cover, the UWL will
include a leachate collection system constructed immediately on top of the composite liner.
Leachate (water that has infiltrated into the CCPs) will be collected by the leachate collection
system that covers the entire bottom and side slopes of each disposal cell that drains to leachate
collection sumps. Each leachate collection sump will be equipped with a submersible pump
automated to control and maintain less than 12 inches of leachate on the bottom composite liner
during all phases of UWL operation. The design, construction, and operation of the leachate
collection system meets or exceeds the requirements of 10 CSR 80-11.010(9).

Section 238 Article 10(C)(3)e of Franklin County’s Landfill Ordinance 2011-307 requires that
the leachate collection system be designed and constructed as required by MDNR-SWMP. The

REITZ & JENS, INC., GREDELL Engineering Resources, Inc.
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Response to IRPE Review Comments

July 8,2013

IRPE 50

IRPE 56

Appendix O

IRPE 57

Appendix P

The perimeter berms will be constructed to a minimum elevation of 488. As part
of ongoing UWL operation and maintenance, both during operation and post
closure, the top of berm elevation will be periodically determined by level survey.
If the top elevation of the exterior berms settles below the 500-year elevation of
487.6, suitable fill will be added to the perimeter roads on the top of the berm to
raise the minimum berm elevation to 488. Section 2.8.3 will be revised to reflect
this operational procedure to maintain the perimeter berms to the 500-year flood
elevations.

The corrected formula yields a Tpgs of 1.29 PSF, and a resulting maximum
allowable Vpgs of 11.4 feet/second, which is still an order of magnitude greater
than the maximum anticipated floodwater velocity of 1.4 feet/second. This
correction will be included in the revised CPA but does not require any change to
the design of the fabric-formed concrete erosion protection mat.

This IPRE general comment was addressed by MDNR-SWMP in their review of
the CPA. This comment is noted, however no additional response or revision will

be provided.

The Construction Quality Assurance Plan included in Appendix P will be followed to assure that
UWL construction is in accordance with the approved design and the requirements of 10 CSR
80-11.010. The IPRE’s comments 58 through 61 regarding the Construction Quality Assurance
Plan’s compliance with 10 CSR 80-11.010 were addressed by MDNR-SWMP in their review of
the CPA. These comments are noted, however no additional response or revision will be

provided.

Appendix V

IRPE 62 This IPRE request was not required by MDNR-SWMP to complete their review

Appendix Y

IRPE 63

of the CPA. This comment is noted, however no additional response or revision
will be provided.

The miscellaneous calculations included in Appendix Y of the CPA will be
revised to clarify items requested in MDNR-SWMP comments and Franklin
County comments 64 and 67. The remaining IPRE comments regarding these
calculations were addressed by MDNR-SWMP in their review of the CPA. These
comments are noted, however no additional response or revision will be provided.

REITZ & JENS, INC., GREDELL Engineering Resources, Inc.
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Liner & Cover

1. The separation between the compacted soil component of the composite liner shall be two
feet above the Natural Water Table in the site area. Provide a potentiometric surface map for
the critical monitoring events from the DS] with the post-settiement base grades provided of the
lendfill footprint. In any area where the potentiometer surface map illustrates that the surface is
above the existing topography, use the top of the existing topography (pre-land disturbance) for
those areas. (Article 10, Section 238 C.3.c)

2. On Sheets 22 and 23, show the bottom of the clay liner on the cross section drawings.
(Article 10, Section 238 C.3.c., Article 10, Section 238 C.3. 10 CSR 80-11.010(4)(B)8.)

3. If soils from onsite are acceptable for clay liner, prior {0 use for such, a test pad for these
materials would be necessary since the offsite borrow soils are different. (Article 10, Section
238 C.3. & 10 CSR 80-11.010(10)(C)1.)

4. No demonstration was made to not use one foot (1") of 1x10° cm/sec soil in the final cover
directly undsr the geomembrane. A demonstration is required and must be approved for the
use of an alternate final cover. 10 CSR 80-11.010(14)(C)3. "As each phase of the utility waste
landfill is completed, a final cover system shall be installed consisting of one foot (1') of
compacted clay with a coefficient of permeability of 1 X 10 cm/sec or less and overlaid with
one foot (1') of soil capable of sustaining vegetative growth.” 10 CSR 80-11.010(14)(C)5. "The
department may approve the use of an alternative final cover system provided that the
owner/operator can demonstrate to the department that the alternative design will be at least
equivalent to the final cover system described in paragraph (14)(C)3. of this rule.” The
proposed finel cover in the pemit application consists of “a textured 40-mit HDPE
geomembrane liner placed directly on the CCRs, overlain by a 16-0z/yd? non-woven, needle-
punched geotextile, and covered with two (2) feet of nominally compacted vegetative soil
capable of supporting the final vegetation cover." The proposed final cover does not include all
the minimum requirements, specifically the 1-foot low-permeability compacted clay layer, nor is
it demonstrated that the proposed final cover would be equivalent to those requirements.
(Article 10, Section 238 C.3. & 10 CSR 80-11.010(14)(C)3.)

5. The plan sheets don't match the CQA Plan for the top crown HDPE. Please revise and
provide the appropriate calculations as nacessary. (Article 10, Section 238 C.3. & 10 CSR 80-

11.010(14)(B)8.)

6. Sheet 19 shows one anchor trench containing the liner geomembrane, the geocomposite
drain, and the final cover geomembrane. A second anchor trench for the cover system is
necessary to prevent damage to the previously installed geosynthetic components. (General
Engineering Comment)

7. On Sheet 19, the Perimster Ditch at Closure shows 12" of cover soils over the geomembrane
with no clay liner beneath the geomembrane. A minimum of two feet of soll cover must be over
the landfiled CCR. Additionally, erosion protection in the perimeter ditch is necessary to
prevent exposure of the geomembrane. (Article 10, Section 238 C.3. & 10 CSR 80-
11.010(14)C)3.)
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Leachate Collection

8. The landfill liner and overlying leachate collection system must have a minimum slope of 1%,
pre and post seftiement. Revise the landfill grades to meet this requirement during all times
within the landfill footprint. Provide plan sheets with the critical cross sections which show the
pre and post settiement landfill base grades. (Article 10, Section 238 C.3.; Aricle 10, Section
238 C.3.e. & 10 CSR 80-11.010(10)(B)M.)

9. Specify the geotextiles for the cushion fabric and the filter fabric shown in the Bottom Liner
and Leachate Collection System Detail. Provide the supporting documentation and any
necassary calculations. (General Engineering Comment)

10. Provide detail drawings for the pipe perforation or slotting pattern for the leachate collection
lines and sump riser pipe. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3e. & 10

CSR 80-11.010(9)(B)1.C.)

11. HE.L.P. models include only fly ash layers. Section 3.1.4 of the report states that waste
are predicted to include “approximately 70% fly ash and 30% bottorn ash”. This report also
discusses the acceptance of Flue Gas Desulfurization (FGD) byproducts. Neither bottom ash
nor FGD byproducts were included in any of the H.E.L.P. models. The H.E.L.P. models used
default values for fly ash when some values, such as hydraulic conductivity, were tested for in
Appendix J. Use the anticipated waste composition for modeling purposes. (Article 10, Section
238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

Leachate Storage and Conveyance

12. The leachate storage tanks have no capacities or sizes listed or illustrated in the drawings.
The leachate storage tanks must be sired based upon the pumping rates of the sumps within
the landfill, and the maintenance and inspection schedule or control systems for each. (Article
10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(8)(B)1.A.)

13. Leachate storage tank appears misplaced on Sheet 6. (General Engineering Comment)

14. The Leachate and Stormwater Forcemains are shown in the Exterior Berm without the
depths noted. The forcemains must be Iinstalled at a depth to prevent freezing during cold
weather conditions. Additionally, account for these forcemains being located in a berm above
grade and the landfill will not have exothermic reactions. (Article 10, Section 238 C.3.; Article
10, Section 238 C.3.e. & 10 CSR 80-11.010(9)}(B)1.D.)

15. Due to the size of the celis, provide caiculations to show the removal rate of leachate
generated from a storm event during the first couple of weeks of filling. Justify the storm event,
calculate the removal rate and describe disposal method utilized. (Article 10, Section 238 C.3 ;
Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

Stormwater

16. The stormwater management plan for the site allows most stormwater to become contact
waters and thus leachate. Based upon the stormwater management plan, no waters onsite will
be allowed to discharge from the site and must be contained and treated as leachate.
Additionally, a one-way valve rather than a gate valve alone would be required in the
Stormwater Ponds (Leachate Ponds) to prevent leachate out of the ponds during the
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equalization. These ponds will additionally need to be designed with a liner system which
meets the requirements of MDNR's Solid Waste Management and Water Protection Programs
for storing leachate (waste waters). The use of these waters will be limited to within the
compaostte lined landfill area or for use as makeup waters within the power plant’s future
scrubber systems. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e.; 10 CSR 80-
11.010(8)(B)1.F.{V); 10 CSR 80-11.010(8)(C)2. & 10 CSR 80-11.010(9)(C)2.)

17. The 25-year, 24-hour rainfall event is greater than 5.6 inches based upon the NOAA Atlas
14 Volume 8, Version 2 Point Precipitation Frequency Estimates. Increass the 25-year, 24-hour
rainfall event to the recently revised amount. (Aricle 10, Section 238 C.3.; 10 CSR 80-
11.010(8)(B)1.F.(Il1) & 10 CSR 80-11.010(8)(B)3.)

18. Section 4.1.2 Sequence of Phase Construction describes the construction sequence of
each phase. The Phase 1 Construction Sequence doesn't discuss the timing of constructing the
stormwater pond, but Phases 3 and 4 Construction Sequence discusses constructing the
stormwater ponds after placing CCR in the phase area. The construction of each stormwater
pond and the CQA report for each must be approved prior to placing CCR into the phase area
assoclated with the stomwater pond. (General Engineering Comment)

19. In 4.2.1 UWL Disposal Operational Description section, the perimeter ditches around each
phase must not provide storage of stormwater but must ba dasigned to rapidly convay
stormwater to the stormwater ponds for storage. (Article 10, Section 238 C.3. & 10 CSR 80-
11.010(8)}(B)1.F.(IV))

20. The perimeter ditches are designed with flat slopes. This may lead to standing water
retained In these ditches which does not minimize infiltration. This design also may not empty
expeditiously after storms. Additionally, this doesn't take into account the anticipated differential
seftiement. 10 CSR 80-11.010(8)(B)1.F.. “Provisions for surface water runoff control to
minimize infiltration and erasion of cover. All Water Pollution Control Program pemnits and
approvals necessary to comply with requirements of the Missouri Clean Water Law and
corresponding rules shall be obtained from the department.” 10 CSR 80-11.010(8){B)1.F.(IV):
“‘On-site drainage and channels shall be designed fo empty expeditiously after storms to
maintain the design capacity of the system.” (Article 10, Section 238 C.3.; 10 CSR 80-
11.010(8)(B)1.F. & 10 CSR 80-11.010(8)(B)1.F.(IV))

21. Since the perimeter ditches are designed with flat stopes, it would be difficult to estimate the
amount of watershed area that would collect into the two separate ponds that serve Cells 3 and
4. The notes for Tables N-2 to N-5 state that “flows are spiit generally at half the distance
between the entrances to the pond along the perimeter ditch.” While this would seem like a
reasonabie assumption in theory, actual field conditions, subject to settlement and weathering,
will probably not result in a perfectly flat ditch slope. Additionally, no consideration is given to the
differences in times of concentration that would be present along the perimeter ditches due to
the varying flow lengths down the final cover slopes. (General Engineering Comment)

22. On Sheets 5 and 7, show how the stormwater from Cell 2 will flow into the Stormwater
Pond 1. {General Engineering Comment)

23. After closure, all stormwater should be routed through the stormwater ponds to reduce

sediment loading rather than allowing the letdown structures to discharge over the exterior
berms. (General Engineering Comment)
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Berms

24. Interior berms filled with CCR must be constructed immedlately after receiving the
Operating Permit or Authorization to Operate due to placing waste within the landfill footprint.
Additional CQA reporting will then be required for the construction of the interior berm and
requires approval prior to placing CCR material onto it. (Article 10, Section 238 C.3.d.)

25. The design of the landfill has the interior berms exposed the same as the exterior berms
during the filling of Cells 1 and 3, thus it is required to have the same protection as the exterior
berms since they would be considered exterior berms during the filling of cells 1 and 3, prior to
tha construction of cells 2 and 4. (Articla 10, Section 238 C.3.d.)

26. In the Interior berms, the geomembrane needs to wrap back over the leachate collection
gnd protection layers at the point of future tie in to prevent backed-up leachate from seeping
through the exterior slope. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10

CSR 80-11.010(8)(C)2.)

27. Section 3.3.2.3 Franklin County Requirement — Erosion Protection in the Landfill Design
discusses 2.2-inch thick fabric-formed concrete mats and Appendix K states that the exterior
berm slopes wiil be lined with a 6-inch thick, fabric-formed articulated concrete mat. Section 8.0
Erosion Protection From Levee Overtopping of Failure in Appendix J provides a 56mm (2.2-
inches) thick fabric-formed concrete mat such as Hydrotex FP220. The drawings include no
dimensions. Ravise all section and have the same dimensions listed for each. Additionally, add
details to the drawings for the fabric-formed concrete mats. (Article 10, Section 238 C.3.d.)

Operations

28. The procedure for the placement of the first liit of CCR to prevent damage to the underlying
layers needs to be developed and included in the operations section. (Article 10, Section 238
C.3. & 10 CSR 80-11.010(2){(C)1.)

29. Flooding of the phase due to not having adequate CCR in place would need a contingency
plan developed and included in the construction parmit application. The inundation of the phase
area would need to be equalized to prevent significant differential head on the liner.
Additionally, the pumping down would need to occur relative to the floodwaters surrounding the
phase as they recede to prevent a high differential head. (Article 10, Section 238 C.3.; Article
10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

30. The Solid Waste Excluded lists Major Appliances and Whole Waste Tires. Modify these to
list as Any Appliances and Waste Tires. (Article 10, Section 238 C.3 & 10 CSR 80-

11.010(3)(A))

31. Dust suppression must be employed to prevent the migration of CCR offsite during all
phases of construction, including mining activities, if and when allowed. (Article 10, Section 238
C.3; 10 CSR 80-11.010(12)(A) & 10 CSR 80-11.010(13)(C)1.) _

32. Backup equipment or additional equipment is necessary more quickly than within 3 days
due to the volume of waste generated. If a piece of equipment goes down, backup or
replacement equipment should be in use within 24 hours. (Article 10, Section 238 C.3 & 10

CSR 80-11.010(15)(B)1.)
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33. Seeding to establish vegetation on the intermediate side slope cover needs to occur within
a much shorter period than annually as provided in the Phases 1, 2, 3 and 4 Aesthetic Cover
section. (Article 10, Section 238 C.32 & 10 CSR 80-11.010(13)(B))

General Comments

34. The waste boundary should be reduced to allow the groundwater monitoring wells to be
installed in the area of the DSI. If the wells are installed outside the area of the DSI, the data
from the wells must be complied and correlated to existing DSI data and provided as an
addendum to the DSIL. (Article 10, Section 238 C.3; 10 CSR 80-2.015(1)(D) & 10 CSR 80-2.015

Appendix 1)

35. Provide the approved design and drawings of the proposad underpass for Labadie Bottom
Road and all approvals from the controlling authorities. (Article 10, Section 238 C.3 & 10 CSR
80-11.010(4)(C)1.)

36. Sheet 8 appears to be missing leaders and detailed descriptions. Please update for further
raview. (General Engineering Comment)

Appendix D

37. Appendix D should be renamed “Violation History Disclosure Form® rather than the older
language which has a negative connotation. (Article 10, Section 238 C.3 & 10 CSR 80-
2.020(2)(A)2.1.)

Appendix H

38. The only document contained in Appendix H Floodplain Documentation is a review letter for
the “Floodplain Analysis of the Missouri River for the Amaren Missouri Labadie Energy Center”
by the independent Registered Professional Engineer (IRPE). Please provide the additional
documentation that was submitted to receive this letter from the IRPE. (Article 10, Section 238
C.3; 10 CSR 80-11.010(4)(B)1.)

Appendix J

39. The Table of Contents for Appendix J lists the Files on Enclosed CD. AE! was not provided
the CD which includes the Files of the Printed Outputs from Computer Runs to review. We will
need a copy of the computer runs of the revised report based upon the comment letters.
(Article 10, Section 238 C.3 & 10 CSR 80-2.020(2){A)2.B.)

40. Friction angles for the geomembrane/clay interface appear to be too high. The direct shear
testing performed on the interface did not adequately displace the interface and the normal
loads were low. The displacement testing should be on the order of inches and the normal
stresses need to meet the full capacity of the landfill design. Additionally, at lower normal
stresses, the critical interface may occur belween the geomembrane and geotextile or
geocomposite. All of the designs need to be analyzed to have the proper inputs for stability
analysis. The bottom liner illustrated as detail 3/17 Boitom Liner and Leachate Collection Detail
shows a smooth geomembrane, not a textured HDPE geomembrane as was tested and
provided in Appendix A-1 of Appendix J. The interface friction angle (15 degrees) utilized in the
Analysis and Design of Veneer Cover Soils, Figure E-42, is a more representative value for
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textured HDPE geomembranes/clay interface. (Aricle 10, Section 238 C.3; 10 CSR 80-
11.010(5){A)4.B. & Draft Technical Guidance Document on Static and Selsmic Slope Stability
for Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D.,, P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

41. Friction angles in the stability analyses don’t correspond to the testing on the CH dlay liner
material from the offsite borrow. Triaxial shear testing (CU) on the CH clay resulted in phi of
14.6 effective stress shear angle with cohesion near 0.21 tons per square foot. The effective
friction angle used in the stability analysis for the compacted clay liner was listed as 25 degrees.
Verify each input providing references for their values. (Arlicle 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4.B. & Draft Technical Guidance Document on Static and Seismic Slope Stability
for Sofid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Assodlate Professor of Civil
Engineering, Department of Civil Engineering, University of illinois at Urbana-Champaign)

42. The stabllity analysis falled to meet the required and recommended factor of safeties.
Cross-section E-E’ failed to meet the factor of safety of 1.5 for the static drained global circular
failure surface both with the initial and full fill of CCP. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Fac#lities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Assoclate Professor of Civil
Engineering, Department of Civil Engineering, University of lilinois at Urbana-Champaign)

43. The minimum factor of safety recommended by the draft technical guidance document from
MDNR-SWMP and Stark is 1.2 to 1.3, not 1.1 as listed in Table E-2 Results of Slope Stability
Analyses. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(AM. & Draft Technical Guldance
Document on Static and Seismic Siope Stability for Solid Waste Containment Facilities
produced by The Solid Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D.,
P.E. Associate Professor of Civil Engineering, Department of Civil Englneering, University of
Hllinois at Urbana-Champaign)

44. Liquefaction has been determined to occur in multiple layers. When reviewing the post-
liquefied shear strengths provided in the table for the stabliity analysis, they don’t match the
shear strengths from correlation charts based upon the SPT blew counts. The chart referenced
in the Reitz & Jens report was H. Bolton Seed's 1987 chart. Seed and Harder updated this
chart with additional information in 1980 and this chart is available with a 3rd Order Best-Fit
curve to simplify the correlation. Please provide the graphed correlations providing the residual
shear strengths based upon the SPT blowcount corrected for the percentage of fines. (Article
10, Section 238 C.3; 10 CSR 80-11.010({5)(A)4. & Draft Technical Guidance Documernt on Static
and Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Assoclate
Professor of Civil Engineering, Department of Civil Engineering, University of Illinois at Urbana-

Champaign)

45. Liquefaction analysis is typically performed in the upper 50' of unconsolidated materials.
Almost every boring was stopped at 35’ in depth. Due to the lack of infformation from the 35' to
50’ interval of the unconsolidated materials, provide a narrative justifying why liquefaction would
not be anticipated at depths below 35'. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(AM.
& Draft Technical Guidance Document on Static and Seismic Slope Stability for Solid Waste
Containment Facilities produced by The Solid Waste Management Program/DEQ/MDNR and
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Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Enginearing, Department of Civil
Engineering, University of lllinois at Urbana-Champaign)

46. The draft technical guidance documsnt from MDNR-SWMP and Stark wasn't intended for
designing landfills within a very young geologic age and active floodplain. Stability analysis for
varying phases of filling Is necessary due to the proposed location of the landfill. (Article 10,
Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance Document on Static
and Seismic Slope Stability for Solid Waste Containment Facdities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lilinois at Urbana-
Champaign)

47. Protective/drainage layers are missing from the stability analysis. Both designs need
analyzed in the stability models if both are considered for permitting and construction. (Article
10, Section 238 C.3; 10 CSR 80-11.010(5XA)4.B. & Draft Technical Guidance Document on
Static and Seismic Slope Stability for Solid Waste Containment Faclitties produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

48. The boring B-100 is no longer centralized or even under a cell of the landfil. Other soil
profiles should be analyzed to provide the critical Shake analysis. This will require additional
borings to bedrock within the footprint of the landfill. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slops Stability for
Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQYMDNR and Timothy D. Stark, Ph.D.,, P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

48. The information provided in Section 5.3 Estimate of Yield Acceleration and Lateral
Spreading for the shorl-duration time history appears to be incorrect and/or not the most critical
based upon the provided charts. The data provided for the short-duration time history came
from chart #10 (page C-9) when chart #2 (page C-10) provide a higher peak rock acceleration =
0.25 and PHGA = 0.24 based upon the output provided from SHAKE2000 analysis using the
same s0il profile. The values provided are for the unfiled conditions. Additional model runs
were completed for the filled conditions for use in the final cover but not discussed in this
section. Provide a narative with the Appendix C Results of Seismic Risk Analyses to detail the
assumptions and comrelate the model analysis from the inputs to the generated results. Update
this information and use it in your modeling. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5){A)M4. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Faciliies produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of Illinois at Urbana-Champaign)

50. Provide the actual stability analysis for the deformation analysis and provide with a
namrative rather than a table listing the yield accelerations and deformations for the short and
long-duration events. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical
Guidance Dacurnent on Static and Seismic Slope Stability for Solid Waste Containment
Facilities produced by The Solid Waste Management Program/DEQ/MDNR and Timothy D.
Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil Engineering,
University of lllinois at Urbana-Champaign)
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Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil
Engineering, University of lllinois at Urbana-Champaign)

46. The draft technical guidance document from MDNR-SWMP and Stark wasn't intended for
designing landfills within a very young geologic age and active floodplain. Stability analysis for
varying phases of filling Is necessary due to the proposed location of the landfill. (Article 10,
Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance Document on Static
and Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

47. Protective/drainage layers are missing from the stabflity analysis. Both designs need
analyzed in the stability models if both are considered for permitting and construction. (Article
10, Section 238 C.3; 10 CSR 80-11.010(5XA)4.B. & Draft Technical Guidance Document on
Static and Seismic Siope Stability for Solid Waste Containment Facllities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-

Champaign)

48. The boring B-100 is no longer centralized or even under a cell of the landfill. Other soil
profiles should be analyzed to provide the critical Shaka analysis. Thig will require additional
borings to bedrock within the footprint of the landfill. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Facillties produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

49. The information provided in Section 5.3 Estimate of Yield Acceleration and Lateral
Spreading for the short-duration time history appears to be incorrect and/or not the most critical
based upon the provided charts. The data provided for the short-duration time history came
from chart #10 (page C-9) when chart #2 (page C-10) provide a higher peak rock acceleration =
0.25 and PHGA = 0.24 based upon the output provided from SHAKE2000 analysis using the
same soil profile. The values provided are for the unfilled conditions. Additional model runs
were completed for the filled conditions for use in the final cover but not discussed in this
section. Provide a narrative with the Appendix C Results of Selsmic Risk Analyses to detall the
assumptions and correlate the model analysis from the inputs to the generated results. Update
this information and use it in your modeling. (Article 10, Section 238 C.3; 10 CSR 80-
11.040(5)(AM. & Draft Technical Guidance Document on Static and Seismic Slope Stability for
Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lilinois at Urbana-Champaign)

50. Provide the actual stability analysis for the deformation analysis and provide with a
narrative rather than a table listing the yield accelerations and deformations for the short and
long-duration events. (Article 10, Section 238 C.3; 10 CSR 80-11.010(6)(A)4. & Draft Technical
Guidance Document on Static and Seismic Slope Stability for Solid Waste Contasinment
Facilities produced by The Solid Waste Management Program/DEQ/MDNR and Timothy D.
Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil Engineering,
University of lllinois at Urbana-Champaign)
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51. The Table of Contents for Appendix C Seismic Analyses appears to have C-18 & C-19
swapped with C-20 & C-21. Piease reviss and verify the information. (General Engineering

Comment)

52. Settiement analysis demonstrates some differential settlement which could cause ponding
in the flat stormwater channels, a reduction in the overall height of the berms and settlement of
the base grades of the landfil. Each of these must be discussed including how Franklin
County's regulations will be satisfied during all phases of construction, filing and closure.
Additionally, the settlement analysis typically has a range of settlement that may occur due to
variability in the underlying subgrade and must be conservatively considered in the analysis to
prevent overtopping of the exterior and interior berms due to a 500-year flood event. (Article 10,
Section 238 C.3; Article 10, Section 238 C.3d.i.; 10 CSR 80-11.010(5)(A)4.A & 10 CSR 80-
11.010(8)(B)1.F.(1V))

53. Provide the calculations correlating the CPT test data to the elastic modulus utilized in the
Settlement Analysis. The CPT logs which were provided in the DSI don't provide enough detail
to verify the elastic moduli provided in the settlement analyses. Additionally, heavily loaded
conditions decrease the modulus, so these factors need fo be accounted for relative to their
location within the footprint of the fil. The Bowles 1897 reference appsars to be dated and
newer, more precise correlations are widely available which utilize the normalized cone
resistance and normalized friction ration. (Article 10, Section 238 C.3 & 10 CSR 80-
11.010(5)(A)4.A)

54. Calculate the bearing capacity of the subgrade in varying locations throughout the footprint.
Additionally, calculate the bearing capacity during a maximum credible seismic event which
induces liquefaction during each phase of construction and filling of the landfill. (Article 10,
Section 238 C.3 & 10 CSR 80-11.010(5)(A)4.A)

55. The protection of liner from hydrostatic uplift discusses the flooding with the gravel drainage
layer and sand protective layer. The allemale design with the geocomposite drain and
protective sand layer must also be discussed in the flooding scenarios. (General Engineering
Comment)

56. In Appendix G — Design of Fabric-Formed Concrete Mat (FCM), the factor of safety
calculation has a missing value, t (= 0.183 ft) in the numerator after substitution:

5 = JRE)¥: = rw)cosbeos x “‘Toss]
T VTG - r)sindP + tpss?

_ [0.637(130 PCF = 62.4 PCF)cos(18.435%)c0s(0°) ~ Tpes]
JI(0.183)(130 — 62.4)sin18435] + 1pgs2 |

This reduces the value of the maximum design velocity significantly. Update the calculations
with the thickness of the fabric-formed concrete included. (General Engineering Comment)

Appendix O
57. The filter design basis in the Memo from Bruce Dawson, PE to Gredell Engineering

Resources, Inc, included in Appendix O-1, requires a tighter gradation for the sand protective
layer based upon the R15 provided. The D15 for the sand should range from 0.24 mm to 0.8

Exhibit 301 p.80 Norris Sch. 83-17




mm based upon the D15 of the Fly Ash and the R15 provided from the Peck Hanson Thornburn
filter criteria. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(9)(B)1.D.)

Appendix P

58. The Construction Quality Assurance Plan inadequately addresses the requirements in 10
CSR 80-11.010(6)(B)1.A. A detalled description of the QA/QC testing procedures that will be
used for every major phase of construction. The description must include at a minimum, the
frequency of inspections, field testing, laboratory testing, equipment to be utilized, the limits for
test failure, and a description of the procedures to be used upon test failure;" Spacifically, this
section should include tables showing the frequency and acceptable test result values for each
testing procedure. The Air Pressure Testing of seams cannot allow a drop of 4 psi during the 5
minute test. It must not drop more than 10% of the equalized pressure of at least 25 psi.
(Article 10, Section 238 C.3 & 10 CSR 80-11.010(6)(B)1.A.)

58. Appendix P Construction Quality Assurance Plan section 3.2 Test Pad references the
Demolition Landfill regulations. Please revise to reference the appropriate regulations. {(Article
10, Section 238 C.3 & 10 CSR 80-11.010(10)(C)1.)

60. In section 3.5 Quality Assurance Monitoring and Testing, the following statement must be
omitted since there is no justification of the reduced testing frequency. °if liner quality soils are
stockpiled on site prior to the beginning of placement, a reduced frequency of verification testing
will be requested.” (Article 10, Section 238 C.3 & 10 CSR 80-11.010(6)(C)1.)

61. A log of solls should be maintained for soils brought in from offsite. The log should provide
the testing performed and the intended use on site. This will assist in construction planning for
each cell construction. (General Engineering Comment)

Appendix V
62. Need a full size Survey Plat for review of Appendix V. (Genera! Engineering Comment)

Appendix Y

63. In Appendix Y(a) Leachate Pipe and Pump Calculations, the leachate storage tank is listed
as a 12-ft diameter horizontal tank. The drawings provided for the site have a vertical storage
tank shown without any detail drawings for the storage tanks. Provide a detailed drawing for the
storage tanks and the anficipated operations of the tanks to prevent them from exceeding
capacity. Provide the pump details for the pumps within the leachate storage tanks. This
should be included in the leachate management plan. (Article 10, Section 238 C.3.; Artide 10,
Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.A.)

64. In Appendix Y(a) Pipe Capacities, the flow capacity calculation in this section was
miscaiculated by a factor of 10;

149
Q=555 %0156 X 0.1 1173 x 0.005"2 # 4.2 cfs

=042cfs
(Article 10, Section 238 C.3.; Articie 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)}B))
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65. In Appendix Y(a), the Leachate Pipe Crushing and Buckling Scenarios, Scenario 1 provides
an H20 truck in the analysis. This size of truck is normal for highway use but it is anticipated
based upon the amount of CCR being deposited that the size of the equipment and tire loads
could be greater. Scenario 3 uses a live load of a 3 ton skid steer on the sump riser trench with
one foot of CCR placad over the top of the sump riser trench. In all likelihood, this loading
would occur prior to the placement of the CCR and the geotextile, and would be used to place
the clean gravel. Additionally, Scenarios 1 and 3 drawings appears to be in error that CCR
would be placed as the protective cover over the geocomposite drainage. Please revise these
drawings and recalculate with the proper loading. It also appears that the pipe values were not
reduced due to the perforations in Scenarios 1 and 2. Density of waste s listed as 75 pcf.
Testing results in Appendix J report higher densities for CCPs. A density of 93 pcf is assumed in
calculations in Appendix Y(d). (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10
CSR 80-11.010(8)(B)1.C.)

66. In Appendix Y(c) — Water Management Calculations, the second paragraph of the
concluding statements reads "Backup leachate management will be at an offsite POTW.” The
permit should specify which POTW will manage the leachate as backup and a signed
agreement pertaining to this management should be included. (Article 10, Section 238 C.3,;
Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)4.)

67. In Appendix Y(d) — Flood Mitigation Calculations, Pumping Rates for Flood Water
Protection — Cell 3, the concluding statement reads, “A pumping rate of 13,184 gpm, pumping
24 hours per day, is required to fill Cell 3 in 10 days for 100-year flood protection.” The source
and location of the required water supply, as well as the necessary equipment for pumping
should be specified. (General Engineering Comment)

68. Included in Appendix Y(e), the clay/geomembrane interface for the side slope cover
material stability calculates with a factor of safety of 1.46, below the 1.5 as stated. The interface
friction angles used for the clay and geomembrane are stated to be taken from Table 5.6 and
Table 5.7. Analysis and Design of Venaeer Cover Soils Is included in Appendix J with an
interface friction angle of 15 degrees. In hand written calculations provided in Appendix Y(e),
the factor of safety for CCR to geomembrane is calculated as 1.2 in static conditions. Provide a
detailed narrative with additional calculations to support the provided calculations and how they
relate to each other. If the fly ash were to be utilized as being in intimate contact with the
geomembrane with moistures approximately five percent over optimum, this interface would
need laboratory testing as part of the demonstration for an aiternative final cover system and
included in the stability analysis. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(5)(AM4.D.)

68. In Appendix Y(e), the attached printout for the 60 mil Geomembrane has 23.00 kN/m
provided as the Allowable Force in Geosynthetic, TDESIGN. The valve for the Strength at Yield
in the GSE Product Data Sheets has 22 N/mm. Update the value in the printout. (General
Engineering Comment)

Exhibit 301 p.82 Norris Sch. S3-19




Ameren Missouri
Labadie Energy Center

Response to April 22, 2013
Franklin County IRPE Comments

July 8, 2013

Prepared By:

Reitz & Jens, Inc.

1055 Corporate Square Drive
St. Louis, Missouri 63132
(314) 993-4132

and

GREDELL Engineering Resources, Inc.
1505 East High Street
Jefferson City, Missouri 65101
(573) 659-9078

Exhibit 301 p.83 Norris Sch.

53-20



Ameren Missouri

Labadie Energy Center
Response to April 22, 2013
Franklin County IRPE Comments

July 8, 2013

Table of Contents
1.0 INTRODUCTION .....cociciiimminrcmnneennisssessssnsscsansarmissnsesasssensssnssssesensssnsssssssnssassassassns 1
1.1  Basis for Groundwater Monitoring Design ...........cccccnvvueeeiniiiercnieeennnnnns 2
1.2 Detection versus Compliance Monitoring Systems .....c..ccccceececrervecerennnns 3
1.3 Existing Ash Impoundments........cco.cccemrrecinmrcrcrrirennens smeeneesssannensenssraesranes 4
20 SOURCE WIDTH.....oetiiiictircirinnnccrrrssssnsarassssonssssonsnesnsensssseassssssssssnssssns snassnanes 5
3.0 LONGITUDINAL & TRANSVERSE DISPERSIVITY .....ccoccvinnmmrimninncrnicssnreenssnns 6
4.0 OTHER MODEL CONSIDERATIONS........comeeeritenicnninnsiseinsnscsses s sasemnsssnanne 7
4.1 Source Concentrations..........cooviioecmcminicinccsenrirers s s e 7
42 DeepWells ... riiccciicni i ccciinsesesscns s esssssannsessnesesssnnsesssss sssannasssssansenas 8
4.3 Effective POrosity ......cooceiimircciiirisicinencrece e ni et e e nnsss s s sesssasens 9
44 Contaminant Breakthrough Time...........cccccrvimivcmininnieniiscscnmicncessnsscsnnons. 10
4.5 Southeastern Shallow Wells ..........cccoorrviiiiiriicviinne i sssisenenine 10
5.0 EVALUATION OF ALTERNATIVE FLOW DIRECTION.........ccconveeiisccmmrisanncrsns 11
6.0 SUMMARY AND CONCLUSIONS ........c.ccceriimimmceniammsennrcnissssersssessissssrssensesens 14
7.0 REFERENCES...........iitrrcececeerenresssnne s scs e nes s s s s s s sas s smes s e e snesennnass aie 16
i

Exhibit 301 p.84 Norris Sch. 83-21



Ameren Missouri
Labadie Energy Center
Response to April 22, 2013
Franklin County IRPE Comments

July 8, 2013

List of Tables
Table 1 — Plume Dimensions for 100-ft, 25-ft, and 5-ft “Tears”
List of Figures

Figure 1 — Plume Dispersion Map (100-ft “Tear”)

Figure 2 — PLUME Model Output for 44 Years (100-ft “Tear”, Cells 1 and 2)
Figure 3 — PLUME Model Output for 44 Years (25-ft “Tear”, Cells 1 and 2)
Figure 4 — PLUME Model Output for 44 Years (5-ft “Tear”, Cells 1 and 2)
Figure 5 — PLUME Model Output for 44 Years (100-ft “Tear”, Cells 3 and 4)
Figure 6 — PLUME Model Output for 44 Years (25-ft “Tear”, Celils 3 and 4)
Figure 7 — PLUME Model Output for 44 Years (5-ft “Tear”, Cells 3 and 4)
Figure 8 — Plume Dispersion Map Comparison (100-ft and 5-ft “Tears”)
Figure 9 — Hydrograph of Missouri River Elevation (2000-2013)

Figure 10 — Frequency Histogram of Missouri River Elevations (2000-2013)
Figure 11 — Alternative Well Spacing Northern Perimeter of Cell 2

List of Appendices

Appendix 1 — Longitudinal and Transverse Dispersivity Documentation

ii

Exhibit 301 p.85 Norris Sch.

S3-22
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1.0 INTRODUCTION

This report has been prepared in response to comments developed by the County’s
independent Registered Professional Engineer (IRPE) in a report entitled, “Groundwater
Monitoring Application Review, April 2013". The IPRE report constituted a review and critique
of the basis for the detection groundwater monitoring system as presented in a document
entitled, “Documentation of Groundwater Monitoring System Design”. That document, written
by GREDELL Engineering Resources, Inc. (Gredell Engineering), is included as Appendix X to
the Construction Permit Application (CPA) for the Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill, which is under review by the County as of the date of this
report. Appendix X along with supporting information contained elsewhere in the CPA
(Appendix Q - Groundwater Sampling and Analysis Plan and Appendix W — Groundwater
Hydraulic Data) was part of a January 3, 2013 submittal to both the Missouri Department of
Natural Resources Solid Waste Management Program (MDNR-SWMP) and the County that
predated submittal of the entire CPA document on January 29, 2013. The information included
in Appendix X was presented at a level of detail sufficient to allow review and evaluation by
MDNR personnel, including elements of the SWMP, Geological Survey Program (GSP), and
Water Protection Program (WPP). Appendix X and the proposed detection groundwater
monitoring system were approved by MDNR on March 7, 2013. Subsequently, the detection
groundwater monitoring system was installed as approved around the perimeter of the
proposed UWL facility from mid-March through mid-April 2013.

Comments made in the IRPE report suggest both a technical and philosophical disagreement
with several elements of the detection groundwater monitoring system accepted by MDNR.
Some of the technical concerns appear to be the result of what the IRPE considered incomplete
documentation of the modeling approach used to develop the groundwater system design as
presented in Appendix X, which limited their ability to conduct a comprehensive evaluation of
the data presented. Other technical aspects are more fundamental and derive from what is
best characterized as professional differences of opinion concerning the choice of basic model
parameters used in the development of the current system. Philosophically, differences in
opinion also exist concerning the adequacy of the site-specific investigative process (i.e.
Detailed Site Investigation, or DSI) on which the system was based, the intent of the system as
designed (a Detection Monitoring System), and the consideration of existing ash
impoundments, which are outside the regulatory requirements of the current UWL solid waste
permit process.

The responses presented below are intended to address key points raised in the IRPE report.
Philosophical comments are addressed in the following subsections. Relevant technical
comments are addressed in the remainder of this document.

-1-
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1.1 Basis for Groundwater Monitoring Design

A fundamental difference of opinion exists concerning the adequacy of the site-specific geologic
and hydrologic data on which the current detection monitoring system is based. The IRPE
identifies apparent deficiencies in the data collected as contrary to regulations cited under 10
CSR 80-11.010(11) and makes the representation that such omissions result in non compliance
with MDNR's regulatory process as described under Missouri Solid Waste Management Law
and Rules and as implemented by MDNR-SWMP and MDNR-GSP .

The groundwater monitoring system developed for the Labadie UWL is a direct outgrowth of the
geologic and hydrologic data gathered during the Detailed Site Investigation (DSI) conducted at
the site in 2009-2010. The requirements for completing the DSI process are described in 10
CSR 80-2.015(1)(B), (C), and (D). This process is generally as follows:

1. Initially, a work plan development meeting must be held with the MDNR-GSP.
MDNR-SWMP representatives also are in attendance. Discussion must focus on
the geology and hydrology of the proposed site, specific elements to be included in
the DSI work plan, time frames for compietion of the work, and review of the
regulatory process.

2. Following that meeting, a detailed work plan is developed for review and approval by
the MDNR-GSP with input from MDNR-SWMP. It must be based on the
requirements 10 CSR 80-2.015 Appendix 1, “Guidance for Conducting and
Reporting Detailed Geologic and Hydrologic Investigations at a Proposed Solid-
Waste Disposal Area” (commonly referred to simply as the "Guidance”).

3. After the work plan is approved, a field investigation must be completed in
accordance with the approved work plan, applicable rules, and department
guidance. The “Guidance” document also details the specific elements to be
included in the DSl report, which is then submitted to the MDNR-GSP and MDNR-
SWMP for review and approval. '

Approval of a DSI report by both the MDNR-GSP and MDNR-SWMP indicates that a site is
found to have suitable geologic and hydrologic characteristics for the development of an
environmentally sound solid waste disposal area. Approval also indicates that the DSI report
adequately addresses geologic or hydrologic conditions that can be overcome by engineering
pursuant to 10 CSR 80-11.010(5)(A)3 for the development of an environmentally sound solid
waste disposal area. This is a rigorous and thorough regulatory process and is accompanied
by two separate public participation events as required by Solid Waste Management Law.

The Ameren Missouri Labadie Energy Center Proposed Utility Waste Landfill was subject to the
DSI process described above. All elements of the DSI work plan, field investigation, final
report, and public participation requirements were conducted and completed to the satisfaction
of both the MDNR-GSP and MDNR-SWMP, as evidenced by their approval of the final DSI

-2-
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report on April 8, 2011. To suggest that relevant parts of this process were overlooked or
ignored without due consideration of their applicability is simply not an accurate portrayal of the
regulatory process.

1.2 Detection versus Compliance Monitoring Systems

A second recurrent theme in the IRPE report is a reliance on various water quality standards
and waste-specific chemical parameters and concentrations to make representations
concerning the effectiveness of the current system at a point of compliance (e.g. property line).
Understanding the intent of the required detection monitoring system as described in 10 CSR
80-11.010(11)}(C)4. and as presented in Appendix X is essential to understanding the
groundwater monitoring system developed at the Labadie UWL. The approved system at
Labadie is not a compliance-based system. Rather, as described in 10 CSR 80-
11.010(11)(B)4.B., the number, locations, and depths of the groundwater wells were designed
to, “...ensure that they detect any significant amounts of fluids generated by the UWL that
migrate from the UWL to the groundwater’. Detection of “any significant amounts of fluids’ is
accomplished through statistical comparisons of groundwater analytical data to determine if
statistically significant increases (SSls) through time are occurring for any of the 32 required
monitoring parameters listed in 10 CSR 80-11.010 Appendix I.

Compliance monitoring systems assume a specific standard (e.g. Federal MCL's, State
Groundwater Protection Standards) must be met, generally at a property boundary. Detection
monitoring is a precursor to compliance monitoring because it examines SSls in water
chemistry through time irrespective of absolute chemical concentration or compliance with
specific standards. If statistical evaluations reveal an increasing concentration over time for
one or more of the required analytical parameters, then a demonstration must be made to
MDNR in accordance with 10 CSR 80-11.010(11)(C)6 that a source other than the UWL caused
the SSI or that the SSi is the result of an error in sampling, analysis, statistical evaluation, or
natural geospatial variation.

If a demonstration cannot be made that the statistical increase is not due to the UWL, then
Assessment Monitoring is required by regulation. Assessment monitoring includes the
installation of additional wells, an increased frequency in sample collection and analysis, and an
evaluation of the rate and extent of migration of the contaminant plume, including
documentation of contaminant concentrations. It is during the assessment monitoring process
that comparisons to groundwater protection standards are required and in that sense the
additional wells installed essentially create a compliance-based system. Most of the comments
presented in the IRPE report would be addressed during the assessment phase, which is a
separate and distinct process from the development and implementation of the detection
groundwater monitoring system required by MDNR regulation.

The detection monitoring system presented in Appendix X of the CPA is better understood by
reference to Figure 1 of this report. This figure was not included in Appendix X. It visually

-3-
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illustrates the derivation and selection of the spacing criteria for the down gradient wells, as
described on pages 5 and 6 of Appendix X, by showing the dispersion plumes in relationship to
one another and to solid waste disposal boundaries. The dimensions of the dispersion plumes,
which are the same as those presented in Attachment 3 of Appendix X, are based on a 44-year
(528 months) time period. These plumes demonstrate a high degree of probability for detecting
contaminant plumes along the eastern and northern (i.e. down gradient) perimeters of the
proposed UWL using the baseline model parameters described in Appendix X.

1.3 Existing Ash Impoundments

The third philosophical difference is related to the compliance aspects mentioned above and is
the consideration of regulatory issues outside the requirements of 10 CSR 80-11. Specifically,
the IRPE has included comments specific to the existing ash impoundments at the Labadie
Energy Center and the impact of the impoundments on current groundwater quality based on
an assumption of leakage since 1992 (e.g. refer to comments 11 and 12 of IRPE’s Attachment
1). These comments also appear to form the primary basis for the IRPE’s conclusion that
deeper monitoring wells are required at the UWL facility that has not yet been constructed.
These IRPE comments apply to a regulatory process subject to Missouri Clean Water
Commission jurisdiction and consequently are not a matter specific to the solid waste permit
process involving the proposed UWL. Existing groundwater quality in the recently installed
detection monitoring well system has and will continue to be documented throughout the
background monitoring period (eight rounds of quarterly data). Possible impacts on up gradient
groundwater quality, if any, that could be attributable to other existing sources, will be evaluated
at the end of the background monitoring period, which is scheduled for completion in early
2015.

Ameren has noted that they are currently in the process of renewing their NPDES permit for the
Labadie Energy Center. This regulatory process will require the installation of ground water
monitoring wells to evaluate the existing impoundments.
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2.0 SOURCE WIDTH

Section 2.1 of the IRPE report describes the use of a 100-foot source width as representative of
a catastrophic failure in the liner system and further suggests that a failure of this magnitude is
unlikely. The IRPE considered that minor “tears” in the liner system of five feet or less were
more likely to occur. Data is presented showing the effect a smaller source width has on
dispersion plume dimensions. The data presented by the [RPE indicate that for a smaller
source width (i.e. 5-ft, 10-ft, and 20-ft “tears”) both the length and width of the dispersion plume
is less than that for a 100-foot “tear”. The width of the plume generated using a five-foot “tear”
is noted as 41 percent narrower than the width of the plume generated using a 100-foot “tear”
(using a 180-ft measure of dimension that presumably reflects the distance between the
proposed well placements north of Cell 2 and the assumed edge of the waste placement
boundary).

We have re-evaluated the dispersion plumes using the original model parameters presented in
Appendix X of the CPA except for source width. Source widths (initial liner “tears”) of five feet
and 25 feet were assumed. PLUME model outputs showing the resultant dimensions for each
modeling scenario, including the original 100-foot source width, are presented as Figures 2
through 7. The PLUME model outputs shown in Figures 2, 3, and 4 pertain to Cell 1 and 2.
The PLUME Model outputs shown in Figures 5, 6, and 7 pertain to Cell 3 and 4. The
dimensions for each modeling scenario are summarized in Table 1. Resultant plume widths are
based on the average distance between proposed wells and the edge of waste, which is
defined as the inside toe of the containment berm around the waste disposal cells.

The results of this re-evaluation also concluded that a smaller initial source width resuits in a
slightly shorter dispersion plume and a more pronounced narrowing of the dispersion plume
width. For comparison, the difference in plume length between the 100-foot and five-foot
“tears” is between 5 and 6 percent. The difference in plume width is between 38 and 39
percent.

The effect a narrower plume from a five-foot “tear” has on the MDNR-approved groundwater
monitoring system is graphically illustrated on Figure 8. For each well location, the dispersion
plumes generated for the five-foot “tears” (Figures 4 and 7) have been superimposed (in green)
on the dispersion plumes for the 100-foot “tears”. Lines drawn tangentially from the widest part
of each “five-foot” dispersion plume are shown extending into the solid waste area until they
either intersect or the inside toe of slope is reached. These triangular shapes provide an
estimate of the area where a failure in the liner system could escape detection by the approved
and installed groundwater monitoring system. The sum of these areas is approximately ten
percent of the total proposed disposal area of 166.5 acres.
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3.0 LONGITUDINAL & TRANSVERSE DISPERSIVITY

The groundwater model approach used to determine longitudinal and transverse dispersivity
values was developed in response to the data obtained during the 12-month DSI time period
(December 2009 to November 2010). During that period, groundwater flow direction fluctuated
widely in response to changes in Missouri River elevation. Groundwater movement generally
was north-northwestward toward the Missouri River during periods of low river stage and
generally shifted eastward away from the river during periods of high river stage. These
changes in flow direction commonly occurred from month-to-month during the DSI time period
with a 90 degree shift in groundwater flow documented over the span of one week in May 2010.
The overall effect imposed by the Missouri River on groundwater movement is not unlike the
ebb and flow of water in the tidal zone of an ocean beach. This “swash” effect is not
uncommon in alluvial aquifers and conventional modeling literature emphasizes the need to
acquire as much site-specific data as possible because of the “profound influence” such
variations can have on contaminant transport (Wiedemeier et al, 1998). However,
conventional modeling techniques do not account for the degree of variation observed during
the 12-month DSI time period and for that reason the method of analysis used a multidirectional
aspect of groundwater flow to develop an overall detection groundwater monitoring system.

An expanded discussion of the approach used to derive longitudinal and transverse dispersivity
values is provided in Appendix 1. It is based on the concepts and techniques cited in Freeze
and Cherry (1979), Gelahar et al., (1992), Wang and Anderson (1982), and Wilson et al.,
(1992).
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4.0 OTHER MODEL CONSIDERATIONS

As stated in Section 1.0 of this response, the IRPE report references several concepts or
opinions having relatively minor impact on the final model results or the IRPE makes
recommendations that are not well supported by detailed calculations or documentation.
Section 2.0, Source Width, and Section 3.0, Longitudinal & Transverse Dispersivity, address
two topics described in the IRPE report that have a minor impact on the final model results.
This section addresses other specific topics or recommendations made by IRPE that do not
warrant individual detailed response.

4.1 Source Concentrations

We recognize the need for reasonable, site-specific source concentrations in modeling the
impact from a known, contaminated site (e.g. a leaking underground petroleum storage tank) to
forecast the potential time of travel, concentration, and impact of contaminant plumes on
adjacent properties and/or existing groundwater uses. However, the intent of the PLUME
model used for the Labadie UWL is to develop hypothetical plume shapes and sizes for the
purpose of designing and evaluating a DETECTION GROUNDWATER MONITORING
SYSTEM. The IRPE acknowledged that the PLUME model does not require or allow the entry
of a source concentration — therefore the choice of an initial source concentration does not
impact the PLUME model and does not impact the overall shape, length, or width of the
resultant plume developed by the model.

The IRPE agreed with the use of the PLUME model, which develops a plume shape
represented by “concentration contours” that are a percentage of the initial source
concentration. In this case, “concentration contours’ of one-tenth (0.1), one-one hundredth
(0.01) and one-one thousandth (0.001) of an initial source concentration were modeled.
Primarily for illustrative purposes, we chose to use an initial source concentration of 3,000 mg/|
for the contaminant, Chloride, in the original model. Chloride was chosen as a contaminant that
can be expected to be present in the UWL at some concentration, is recognized by the
scientific community as mobile in groundwater flow regimes, and is commonly used as a
conservative “tracer” contaminant. The following excerpt supports the use of Chloride
(Wiedemeier et al, 1998):

Chloride (CI-) forms ion pairs or complex ions with some of the cations present in natural
waters, but these complexes are not strong enough to be of significance in the
chemistry of fresh water. Chloride ions generally do not enter into oxidation-reduction
reactions, form no important solute complexes with other ions unless the chloride
concentration is extremely high, do not form salts of low solubility, are not significantly
adsorbed on mineral surfaces, and play few biochemical roles. Thus, physical
processes control the migration of chloride ions in the subsurface. Because of the
neutral chemical behavior of chloride, it can be used as a conservative tracer to
estimate biodegradation rates (in chlorinated solvents).
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The plume shape defined by the outermost 0.001 concentration contour was used as the basis
for the number and location of groundwater monitoring wells that would result in a highly
efficient detection monitoring system. The initial source concentration (in this case, 3,000 mg/l
Chloride) was used to provide a numerical value for the 0.001 concentration contour (3 mg/l)
that generally approximates the Practical Quantitation Limit (PQL) of Chloride.

Modeling is a hypothetical exercise, albeit a scientific one. Modeling using scientific parameters
is the best available predictor of future performance of landfills. However, an actual source
concentration from a POTENTIAL FUTURE LEAK from a UWL with a composite liner and
leachate collection system cannot be predicted. The “leak” may be very small (the HELP model
uses 2 centimeter diameter holes in the geomembrane liner, not a 5-foot tear) or it may be very
minor volumes (the HELP model predicts that the maximum head on the Labadie UWL
composite liner will be less than 1 inch). Therefore, despite the actual contaminant
concentrations in the “leak”, the contaminant will be diluted once it reaches the large volumes of
groundwater within the alluvial aquifer of the Missouri River valley. As a result, an estimated
source concentration was used for illustrative purposes that may represent a “worst case”
scenario, while the source concentration of an actual event could be higher or lower than the
concentration modeled.

It is our professional opinion that initial source concentration is a minor factor in the design of a
DETECTION GROUNDWATER MONITORING SYSTEM and its value is primarily used to
model only one of many possible scenarios. Regardless of the source concentration, the
PLUME model predicts the size and shape of a future contaminant plume as defined by the
0.001 concentration contour. Depending on the source concentration and analytical limitations,
a specific contaminant may not be detected at one-one thousandth of the initial concentration.
Under the current Missouri regutatory framework for detection monitoring of landfills, the use of
“indicator” or “tracer” parameters and the regular statistical evaluation of groundwater data for
SSiIs seeks to identify potential containment system failures at small quantities and
concentrations as soon as they can be practically detected, but before they exceed a
compliance concentration (typically at the property boundary).

4.2 Deep Wells

The IRPE report recommendation to install five “deep” wells (i.e. to the top of bedrock) is
unsupported by the data presented. As previously noted, this recommendation appears to
come from concerns with potential contamination from existing ash impoundments at Labadie.
However, the recommendation also appears to be based on the potential for vertical migration
of a contaminant plume emanating from the proposed UWL prior to detection by the
groundwater monitoring system approved by MDNR. Vertical migration of contaminants is a
concept most often associated with immiscible organic chemical compounds, some with
specific gravities greater than water (“sinkers”) and some with specific gravities less than water
(“floaters™). The chemical constituents of CCPs are primarily metals and inorganic chemical
compounds that naturally occur in the coal used in the combustion process. The list of
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detection monitoring parameters required by MDNR (10 CSR 80-11.010, Appendix I) focus on
these inorganic parameters, which generally are in a dissolved phase and do not sink through
the water column.

The groundwater transport model presented in Appendix X of the CPA considered the vertical
component of dispersion insignificant “because contaminant concentrations are assumed to be
preferentially moving parallel with groundwater flow direction” (p. 5). This assumption is
confirmed by previous studies, particularly the work by Gelhar et al. (1992), who after review of
multiple field studies determined that, “In all of these cases, vertical transverse dispersivity is 1-
2 orders of magnitude smaller than the horizontal transverse dispersivity”.

The data presented by Gelhar for what was considered high reliability field studies show
vertical-to-horizontal dispersivity ratios greater than two orders of magnitude (see Gelhar's
Table 1, data for the Garabedian et al. (1988) and Rajaram & Gelhar (1991) field studies).
These data suggest that for every foot of vertical movement, the horizontal movement is in
excess of 100 feet and possibly in excess of 600 feet. Thus, modeling a maximum width for the
Labadie UWL of approximately 3,000 feet (Cell 3 as measured southeast to northwest) and an
alluvial aquifer thickness of approximately 100 feet, the horizontal movement of groundwater
will transport potential contaminants toward the approved detection monitoring system well in
advance of contaminant conveyance and detection in deep wells. If assessment monitoring is
needed at the site in the future, the concept of deep wells should be considered.

On these bases, we believe the recommendation for deep wells is without justification and do
not agree that they are needed as part of the detection groundwater monitoring system.

4.3  Effective Porosity

The IRPE report demonstrates that use of a lower effective porosity value (0.265) results in a
slight increase in plume length and virtually no change in plume width with respect to the
effective porosity value (0.35) used in Appendix X. The same holds true when comparing the
results for the five-foot source width shown in the two tables on page 3 of the IRPE report. We
concur with IRPE’s conclusion that effective porosity values have a minor impact on plume
width, but that source width considerations have a much greater impact on the dispersion
plume width. The range of effective porosity values presented in Table 1 of Appendix X (0.30,
0.35, and 0.40) are the same values as used in Table 8 of the DSI Report and are based on the
data of Peck (1953) for mixed-grain sands. Our model uses the middle value. The grain sizes,
and therefore the geometry of the pore apertures and the degree of interconnectivity of pore
throats that define effective porosity found in an alluvial aquifer can vary considerably across
the site. For purposes of designing a detection monitoring system, there is little apparent
benefit to further refining the effective porosity value.
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4.4 Contaminant Breakthrough Time

The IRPE estimated the time it would take contaminants to migrate through a compacted clay
liner should a rupture occur in the overlying flexible membrane liner system. Their calculations
suggest a contaminant breakthrough time of between 47 and 848 days assuming an effective
porosity value of 0.06 for the compacted clay. Given that the IRPE agrees with the use of a 44-
year time period (16,060 days) in the PLUME model, the breakthrough times are comparatively
insignificant and were not considered in our model approach.

4.5 Southeastern Shallow Wells

The IRPE recommends the installation of three wells (P7, P8 and P9) near the southeast corner
of Cell 3 without detailed explanation. Based on the information presented in their report, we
conclude this recommendation is primarily based on the IRPE’s misconception that the 813-
acre permit boundary is also Ameren Missouri’s property boundary (see Figure 3 of the IRPE
report). This coupled with the IRPE’s opinion that the groundwater monitoring system should
be a compliance system, instead of a detection system has led to their recommendation for
additional wells at the southeast corner of the UWL. In reality, the actual property boundary is
over 1,200 feet east of the easternmost edge of Cell 3.

Furthermore, the locations of proposed wells P7 and P8 appear to “shadow” the current
locations of MW-15 and MW-16 for the resultant predicted northeasterly direction of flow.
Using a more northerly direction of flow as preferred by the IRPE (reference Section 5.0 of this
report), the additional wells provide no apparent improvement to the current detection

monitoring system.

The location of proposed well P9 appears to fill a perceived “gap” between MW-16 and MW-17
using the resultant predicted northeasterly direction of flow and is located very close to the
permit boundary. Again, using the northerly direction of flow preferred by the IRPE, the addition
of P9 provides no apparent improvement to the current detection monitoring system.

For these reasons, it is our professional opinion that adding P7, P8, and P9 does not improve
the performance of the groundwater detection system at the Labadie UWL and consequently
they do not need to be added.
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5.0 EVALUATION OF ALTERNATIVE FLOW DIRECTION

Subsection 2.4 of the IRPE report summarizes the sensitivity analyses described in subsections
21, 2.2, and 2.3. These analyses are summarized at the top of page 7. This data suggests
that using a 5-ft source width in combination with alternative values for effective porosity and
longitudinal/transverse dispersivity, a plume length of 2,125 feet is generated over the proposed
44-year (528 months) time period. This result is graphically illustrated in Figure 1 of the IRPE
report. Although not specifically stated by IRPE, a plume length of this magnitude appears to
be based on an assumption that groundwater flow direction is constant throughout the 44-year
time period. Plume length is also magnified by use of an average contaminant velocity of
3.060, more than ftriple the value (1.013) used in our model (see Figures 2, 3, and 4).
Assuming the plume generated by IRPE is based on a higher velocity and a continuous
direction of flow for 44 years, the result is not an accurate representation of the behavior of the
alluvial aquifer and its response to changes in Missouri River elevation. Our dispersion plumes
are modeled based on the back-and-forth motion of groundwater as determined during the 12-
month DSl time period, which has been viewed by IRPE as “atypical” and not representative of
normal site conditions (e.g. refer to comments 9 and 10 of IRPE’s Attachment 1). The IRPE's
opinion is not supported by review of historical Missouri River elevations for the past 13 years.

Our modeling approach presented in Appendix X of the CPA was based on the resuits of the
12-month DSI time period. Those data show that groundwater exhibits considerable variation in
flow direction in response to changes in Missouri River elevation. During periods of low river
stage, groundwater generally flows north-northwest toward the river. During periods of high
river stage, groundwater flow shifts eastward away from the river. This “swash” effect on
groundwater movement and resultant velocities was accounted for in our modeling approach
(reference Section 3.0). This explains why plume lengths are considerably shorter than the
plume lengths predicted on the summary table presented on page 7 of the IRPE report. This
also explains why plumes are wider than the plume widths predicted on the IRPE’s summary
table.

The representativeness of Missouri River levels and their consequent impacts on groundwater
flow behavior during the 12-month DS time period in relationship to the preceding ten-year time
period (2000-2009) is described on page 40 of the DSI report. The DSI recognized that
Missouri River levels generally were higher during the DSI than in preceding years and is the
reason why one of the conclusions stated in the DSI report (p. 52) was, “..."unwatering” of the
local water table toward the Missouri River may be more prevalent than what is suggested by
the current data’. Thus, the DSI acknowledged that the 12-month DSI timeframe (2009-2010)
on which our modeling effort was based coincided with a period of unseasonably high river
levels and consequently, the DSI data do not positively predict groundwater behavior under
“normal” river stage conditions. However, the DSI data does provide a basis for understanding
how groundwater movement behaves under more seasonal river stage conditions.
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In the absence of piezometric data during periods of “normal” river stage conditions, it is not
possible to accurately maodel or predict the resultant impacts on groundwater movement.
However, general conclusions can be made by extrapolating piezometric readings during the
12-month DSI investigation to the historical river elevation readings as recorded at the Labadie
Power Plant gauging station.

Figure 9 is a hydrograph depicting the daily Missouri River elevations as obtained from Ameren
personnel for the Labadie gauging station. The figure is identical to the hydrograph presented
as Figure 32 of the DSI report except for the addition of data from 2011-2013. As noted on
page 40 of the DSI report, a reversal in groundwater flow direction appears to occur when
Missouri River levels attain a more or less sustained elevation of between 461 and 463 feet.
Groundwater flow direction generally is toward the river below this range in elevation and
generally moves away from the river above this range in elevation. As can be seen from the
hydrograph, using a midpoint elevation of 462 feet, groundwater movement toward the river is
predicted to occur more frequently in the timeframes both before and after the 12-month DSI
time period. The hydrograph also indicates that the longest sustained period of time river
elevations remained below 462 feet is approximately 678 days. Conversely, the hydrograph
indicates that the longest sustained period of time river elevations remain above 462 feet is
approximately 166 days. This suggests that groundwater movement typically has a more
northerly component than evidenced by the data acquired during the DSI timeframe and that
the maximum length of fime before a shift from this northerly flow occurs is slightly less than
two years. Sustained periods of high river flow are of shorter duration (<6 months), which
supports the modeled impact the “swash” effect has on groundwater velocity values.

An evaluation of what constitutes more typical river flow conditions can be approximated by
considering the average or mean value of the daily river elevations as measured over the 2000-
2013 period at Labadie. This is shown in the frequency histogram presented as Figure 10 that
indicates the mean river elevation over the 13-year (4,817 days) time period is 454.9 feet. This
is approximately seven feet lower than the estimated elevation (462 feet) at which groundwater
begins moving toward the Missouri River and is further evidence that a northerly flow
component is more frequent than shown by the data acquired during the DSI. The longest time
period the river remains below this typical flow condition is approximately 309 days (Figure 9).

A similar analysis of the Labadie gauging station data was made in Appendix Z of the CPA.
However, the purpose of that analysis was to determine a “natural water table” elevation for the
liner design and the focus was on the relationship between elevated groundwater levels and
gauge data rather than an assessment of typical river flow conditions.

Based on a more northerly component of groundwater flow (toward the Missouri River) as
suggested by the 13-year historical time period of river stage analysis, we graphically re-
evaluated the northern tier of wells in the approved detection monitoring system, located
immediately north of Cell 2. The results of this re-evaluation are presented in Figure 11. For
the purposes of demonstration, a northerly orientation perpendicular to the solid waste
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boundary was selected for the axis of the dispersion plumes (a plume axis perpendicular to the
solid waste boundary requires the narrowest well spacing). The dispersion plumes used are
based on the five-foot source width as shown in Figures 4 and 8. All other model parameters
were unchanged. Proposed well locations depicted in Figure 3 of the IRPE report are also
superimposed for reference.

As diagramed in Figure 11, as many as seven well locations would be required to achieve full
efficiency of the detection monitoring system using the noted plume dimensions for this more
northerly flow direction. However, existing wells MW-1, MW-2, and MW-3 are within the
boundaries of three of the dispersion plumes. Using the more northerly direction of
groundwater flow, our evaluation is in general agreement with adding the western four of six
wells suggested by the IRPE report (except the IRPE wells are further away from the edge of
waste).

The remaining down gradient wells in the approved detection monitoring system (MW-5 through
MW-22) were not graphically re-evaluated using a more northerly direction of groundwater flow.
The northwest to southeast orientation of MW-5 through MW-15 along the eastern boundary of
Cell 3 predetermines that they will provide a high efficiency detection monitoring system for a
more northerly groundwater flow direction because of the relatively close well spacing in the
east-west direction. Wells MW-16 through MW-22 are east or south of the solid waste
boundary of Cells 3 and 4. Therefore, during a more northerly direction of groundwater fiow,
these wells will either be “up gradient” of the solid waste disposal area or east of a potential
contaminant plume.
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6.0 SUMMARY AND CONCLUSIONS

The groundwater model design presented in Appendix X of the CPA for the Labadie Energy
Center Proposed Utility Waste Landfill is based on the results of the DS! investigation
conducted for the facility in 2009-2010. The DSI included an evaluation of groundwater flow
based on measurements taken from 100 piezometers over a period of 12 consecutive months
(December 2009 to November 2010). These site-specific data are considered appropriate for
the development of a rational, scientifically based groundwater well design intended specifically
as a detection monitoring system as required by Missouri State Solid Waste Management Law
and Rules. The detection monitoring system has been approved by MDNR-SWMP, in
conjunction with joint review by MDNR-GSP and MDNR-WPP.

Modeling is a subjective process and is used as a tool to evaluate the potential efficiency of a
detection groundwater monitoring system. Model parameters can be adjusted based on
various assumptions and the desired degree of conservatism, with the end result being a
monitoring system design that is not expected nor required to be 100 percent efficient. Rather,
the intent of the modeling process is to support the development of a detection monitoring
system that is considered “highly efficient” (no regulatory definition for “highly efficient” exists in
Missouri State Solid Waste Management Law and Rules).

In response to the IRPE review report, Gredell Engineering and Reitz & Jens recommend the
following:

1. No additional field exploration to further identify and define aquifer parameters used
in the PLUME model is recommended at this time. This is supported by MDNR's
review and approval of the DSI and current detection groundwater monitoring
system.

2. Based on the past 13 years of historical Missouri River elevations, groundwater
movement trends more northerly than what was indicated by the 12-month DSI
investigative time period. In combination with the narrower plume widths generated
assuming a five-foot “tear” width in the liner system, additional wells in the area north
of Cell 2 warrant consideration. Recommended locations for as many as seven (7)
new wells are depicted on Figure 11 of this response. Wells installed in this area
should be of the same approximate depth as the existing wells and integrated into
the current detection groundwater monitoring system. Alternatively, the four (4)
existing wells in this location (MW-1 through MW-4) could be supplemented with four
(4) additional wells.

3. The two easternmost wells proposed by the IRPE north of Cell 2 (P5 and P6) are
unnecessary because they provide no additional benefit and do not increase the
effectiveness of the current detection monitoring system.
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4. Additional shallow wells for the purposes of detection groundwater monitoring are
unnecessary southeast of the Cell 3 area of the proposed UWL, as they provide no
additional benefit and do not increase the effectiveness of the current detection
monitoring system.

5. The IRPE did not provide a compelling basis for the installation of deeper wells as it
relates to detection groundwater monitoring for the proposed UWL. Literature
sources confirm that the horizontal component of contaminant migration is much
greater than the vertical component of contaminant migration. MDNR'’s review and
approval of the DSI and their acceptance of the current detection groundwater
monitoring system confirm this position.

6. No additional evaluation of PLUME model input parameters or additional iterations of
model scenarios is recommended at this time.

Our interpretation of MDNR's current approach to groundwater detection monitoring at landfills
is that groundwater monitoring is a dynamic process, subject to ongoing re-evaluation and
conclusion based on data from each background or semi-annual sampling event. As such,
future data collected during routine detection monitoring events will provide additional
information that witl be evaluated by Ameren Missouri, MDNR and/or Franklin County in order fo
consider the need for modifications to the currently approved groundwater monitoring system.
Untit such time, the current detection groundwater monitoring system meets the requirements
and intent of 10 CSR 80-11.010. However, the addition of wells north of Cell 2 could enhance
the current detection groundwater monitoring system during periods of a more northerly
direction of groundwater fiow.
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Mark S. Vincent October 8, 2013
Franklin County Counselor ] ) Page: 2

Section 238(C)(3)(a) states in part that;

Under no circumstances shall any construction of any component of a Utility Waste
Landfill be commenced prior to the approval of all designs, plans, addendums,
construction documents by the Independent Registered Professiona/ Engineer.

We have proceeded with the interpretation that the County rules and ordinances do not conflict
or reinterpret the MDNR regulations but allow the County to conduct its own review and the
County has the authority to require additional documentation beyond that found acceptable by
MDNR. Therefore the potential exists that the County, under their authority, can impose
additional safeguards for design, permitting, construction, and compliance determinations.

If you have any questions of concerns, please contact me at (217) 787-2334.

Sincgrely, '
Kénneth W. Ligs ‘

Vice President of Operations
Andrews Engineering, Inc.
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Groundwater Comments

This document summarizes comments prepared from a review of Ameren’s July 11, 2013
response letter.

Frankiin County Commission Precedence

Gredell asserts that the approval of the Detailed Site Investigation Report and Groundwater
Monitoring Program by Missouri DNR supersedes the technical review and comments prepared
by Franklin County’s IRPE.

It is understood that Missouri DNR has reviewed and approved the separate site investigation
and monitoring well installation work plans and reports. However, as specifically stated in
Section 238(C)(3)(a) of Article 10, “Supplementary Use Regulations” of the Franklin County
Planning and Zoning Unified Land-Use Regulations:

“Under no circumstances shall any construction of any component of a Utility Waste
Landfil be commenced prior to the approval of all designs, plans, addendums,
construction documents by the independent Registered Professional Engineer.”

It would seem that installation of the proposed groundwater monitoring well network prior to the
approval of Franklin County’s IRPE, shows indifference to this requirement.

Characterization of the Uppermost Agquifer and Confining Unit

Gredell has neglected to address the characterization of the upbermost aquifer and the
confining unit to the satisfaction of the Franklin County IRPE.

The guidance in Appendix 1 of 10 CSR 80-2.015 and 10 CSR 80-11.010(11) are clear on the
requirements for characterization of the physical and hydrogeologic properties of the uppermost
aquifer and upper confining unit. Pursuant to 10 CSR 80-11.010(11)(C)(1)(A) groundwater
monitoring wells shall be installed so that the number, spacing and depths of monitoring
systems shall be determined based upon site-specific technical information that shall include
thorough characterization of:

0 Aquifer thickness, groundwater flow rate, groundwater flow direction including
seasonal and temporal fluctuations in groundwater flow; and

(n Saturated and unsaturated geologic units and fill materials overlying the uppermost
aquifer, materials comprising the uppermost aquifer, and materials comprising the
confining unit defining the lower boundary of the uppermost aquifer; including, but
not limited to, thicknesses, stratigraphy, lithology, hydraulic conductivities and
porosities.

It is understood that the level of effort to characterize the uppermost aquifer and upper confining
unit may be lessened by the Missouri Department of Natural Resources Geological Survey
Program (see Appendix 1 of 10 CSR 80-2.015). However, it seems that the Franklin County’s
IRPE should have been involved in the process of determining the extent of the characterization
effort as this information is critical to the understanding of groundwater flow, both shallow and
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deep and for evaluation of the adequacy of the proposed groundwater monitoring well network
to monitor the uppermost aquifer.

The information presented does not address the thickness of the uppermost aquifer, does not
identify the uppermost confining unit, does not characterize variations in vertical or horizontal
hydraulic gradients or hydraulic conductivity throughout the uppermost aquifer nor does the
information address the hydraulic conductivity of the upper confining unit.

Well Spacing Evaluation

Gredell asserts that the proposed and already installed groundwater monitoring well network is
based on a representative evaluation and characterization of groundwater flow and the
uppermost aquifer. It is Franklin County IRPE’s conclusion that Gredell's well spacing evaluation
is based on atypical groundwater elevations from an atypical year of precipitation (see
Comment No. 2 in Section 6.0 Summary and Conclusions of the July 11, 2013 Response to
Aprit 22, 2013 Franklin County IRPE Comments), an incomplete evaluation of the properties
and thickness of the uppermost aquifer and confining unit, and unconservative source width
assumption and arbitrary concentration contour.

As such, Franklin County’s IRPE cannot comment on the PLUME modeling effort other than to
say that the information provided is incomplete and does not warrant further evaluation given
the limited data provided and Gredell’s refusal to collect additional data.

Critical Comments

1. Page 1, last line of paragraph 1. Gredell Engineering Resources, Inc. (Gredell) indicates that
the groundwater monitoring network has only to meet the approval of MDNR. Andrews
Engineering, Inc. (Andrews) is under contract to Franklin County (County) to perform duties
as outlined in the Franklin County Unified Land Use Regulations and landfill ordinances that
pertain to Utility Waste Landfills, Section 238 (Ordinance). Contrary to the Ordinance, the
investigation of the site and construction of components of the proposed Utility Waste
Landfill have commenced without the approval of the County’s IRPE. (Article 10, Section
238, C.3.a.)

2. Page 4, paragraph 1. The assertion here is that the proposed and already installed
groundwater monitoring well network is based on a representative evaluation and
characterization of the uppermost aquifer and confining unit. However, as admitted by
Gredeli, the groundwater flow direction and the hydraulic gradients are not representative of
typical surface water and groundwater elevations. As a resuli, the plumes are based on
hydrodynamic dispersion values calculated from atypical groundwater velocities;
furthermore, the value used to characterize the effective porosity of the uppermost aquifer
is: (1) based on a literature value and (2) for total porosity. The effective porosity (n) directly
impacts the dispersion value which affects the groundwater velocity and ultimately the
plume width. (10 CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

The dispersion coefficients are functions of the average contaminant velocity, the
dispersivities, and the molecular diffusion coefficient for the chemical of interest in water:

D, =av+D,,
D, = ayv+D,
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Where:a, and a, are the longitudinal and transverse dispersivities, respectively; and Dy,
is the effective molecular diffusion coefficient for the chemical of interest through the
porous medium.

The average contaminant velocity, v, is computed as:
v = Ki/Rn

Where: K is the hydraulic conductivity
i is the groundwater gradient
R is the retardation factor
n is the effective porosity

The dispersivities and velocity are used in the PLUME equation; calculation for the
PLUME model is provided below:

Cioyp = (Co/Bexp{ (/2D J[1-(1+4kDH)"")]}
erfcl[x-vi(1+4kDA) "2}/ 2(D2)"}
{erfI(y+Y/2)/2(Dyx/v) " ]-erfl (v-Y/2)/2(Dx/v) 2]}

Where: Cp,y.y is the concentration at x,y,t
C, is the source concentration
x is the distance downstream from the source
y is the transverse distance from the source
k is the first-order radioactive decay constant
Y is the width of the source
v is the average contaminant velocity
D, is the longitudina!l dispersion coefficient
D, is the transverse dispersion coefficient
tistime

3. Page 4, paragraph 2. The assumption by Gredell is that all groundwater flow within the
uppermost aquifer is shallow. However, the uppermost aquifer is comprised of at least 100
feet of alluvial valley sediments overlying an undetermined thickness of permeable bedrock.
The bottom of the uppermost aquifer, the confining unit, has not been characterized. The
possibility of the vertical movement of water is wholly ignored. The issue regarding deeper
welis has nothing to do with the existing landfill unit. Deeper wells are for monitoring the
entirety of the UMA. As it is, contamination that migrates deeper than 20 to 25 feet, the
depth of the proposed groundwater monitoring well system, will be missed. Also,
groundwater quality resulting from the existing unit should be characterized to determine
effects on upgradient/background groundwater quality of the proposed unit. (Appendix 1 of
10 CSR 80-2.015; 10 CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

4. Page 5, paragraph 4. If Gredell is trying to establish efficiency, then MEMO should be used.
While there are no requirements regarding monitoring efficiency, it would seem that the
minimum appropriate efficiency that should be strived for is 95%. This is often the USEPA
benchmark for compliance issues. What they have done by turning the plumes around and
making the wells the source location is confusing and | don’t believe is representative of the
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modeling effort. The source shouid be located at the waste boundary. (10 CSR 80-
11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

5. Page 6, general comment. The assumption by Gredell that the groundwater data collected
are representative of the following typical years is not appropriate. The water levels were
abnormally high resulting in widely varying flow direction, more so than in most past years.
This widely varying flow direction used as part of the dispersivity has shortened the plume
lengths and widened the plumes. (Appendix 1 of 10 CSR 80-2.015; 10 CSR 80-
11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

6. Page 8, paragraph 4. The proposal for deep wells is not directed toward the groundwater
quality of the existing impoundments. The deep wells are proposed as part of the uppermost
aquifer characterization and monitoring. Vertical gradients have not been characterized, as
such, the adequacy of the currently installed groundwater monitoring system is unknown.
Our argument regarding vertical migration is not aimed at evaluating contaminant transport
due to density differences. Vertical gradients due to variations in river stage and
groundwater elevation in the uplands and the river terrace sediments are not unknown
phenomena. Gredell has ignored the issue of vertical groundwater flow. (Appendix 1 of 10
CSR 80-2.015; 10 CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

7. Page 10, general comment. Gredell assumes that groundwater compliance is only an issue
at the property boundary. Pursuant to discussion with Mo DNR, the permit boundary is
where compliance must be demonstrated. (Appendix 1 of 10 CSR 80-2.015; 10 CSR 80-
11.010(11)(B)(4)(B)); Article 10, Section 238 C.3f.)

Additional Comments & Concerns

8. Page 2, general comment. The uppermost aquifer and confining unit have not been
characterized. (Appendix 1 of 10 CSR 80-2.015; 10 CSR 80-11.010(11)(B)(4)(B); Article 10,
Section 238 C.3.1.)

9. Page 3, paragraph 1. The concentration contour used for well spacing should be applicable
to the anticipated source concentration and compliance concentration ratio. An assumption
of a 1000:1 (0.001 concentration contour) source to compliance ratio is unfounded. Also,
note that the ratio of 1000:1 provides for a larger plume width than a ratio of 100:1 or even
10:1 (i.e., 0.01 and 0.1). (10 CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

10. Page 3, paragraph 2. Gredell identifies the property boundary as the limit for compliance.
Per conversation with MNDR staff, groundwater compliance must be within the permitted
boundary. If compliance is only an issue at the limits of the property boundary, then it would
seem the entire property boundary should be identified as the permit boundary. (Appendix 1
of 10 CSR 80-2.015; Article 10, Section 238 C.3.f.)

11. Page 5, paragraph 2. Gredell uses a porosity value that is not site-specific and dispersion
values are based on atypical groundwater levels. The contention that the PLUME modeling

effort is based on representative data is incorrect. (Appendix 1 of 10 CSR 80-2.015; 10 CSR
80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.) The wording used to describe the
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development of well spacing from the locations of the wells with respect to the waste
boundary is confusing. I'm not sure what the point is here.

12. Page 7, paragraph 1. The statements by Gredell regarding porosity and dispersivity are not
true. The porosity affects the length and width of the plume since the velocity is indirectly
proportional to the effective porosity. The velocity is a factor in calculation of the dispersivity.
The assumption of a higher porosity shortens the plume.

13. Page 7, paragraph 2. The size of the plume is greatly influenced by the concentration
contour selected. The concentration contour is representative of the ratio of the source
concentration to the compliance concentration. No explanation was provided by Gredell of
how the 0.001 concentration contour is applicable to the contaminant concentrations and
compliance concentrations for this facility and wastes. (Appendix 1 of 10 CSR 80-2.015; 10
CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f)

14. Page 8, paragraph 2. Gredell should have approximate value of chioride concentrations
within the coal ash waste. (10 CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

15. Page 8, paragraph 3. If conservatism is the goal, then Gredell should be using a
concentration contour of 0.01 for the PLUME evaluation. (10 CSR 80-11.010(11)(B)(4)(B));
Article 10, Section 238 C.3.f.)

16. Page 8, paragraph 3. Gredell is incorrect. Groundwater compliance within the permitted
boundary needs to be shown. (10 CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238
C.31)

17. Page 9, paragraph 4. Gredell uses total porosities values based on literature as related to
grain size. The effective porosity characterized by near-by in situ testing has a mean value
of 26.5%. Much less than the 30, 35 and 40 proposed. This should be addressed at it
directly impacts contaminant transport calculation. (Appendix 1 of 10 CSR 80-2.015; 10
CSR 80-11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.1.)

18. Page 11, paragraph 1. As indicated above, the velocity is directly affected by the effective
porosity. The velocity is indirectly proportional. The total porosity value of 35% is much
higher than nearby determined average effective porosity of 26.5%. Andrews used the
effective porosity from tracer test studies conducted in the same Missouri alluvium
sediments in the nearby St. Charles well field. This is the best data available given the lack
of site specific porosity data. (Appendix 1 of 10 CSR 80-2.015; 10 CSR 80-
11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)

19. Page 12, paragraph 1. Gredell comments that the groundwater elevation data they collected
is not typical of yearly precipitation events and river stages. However, this is what their
PLUME evaluation is based upon. It would seem that the PLUME modeling effort completed
by Gredell is compromised. (Appendix 1 of 10 CSR 80-2.015; 10 CSR 80-
11.010(11)(B)(4)(B)); Article 10, Section 238 C.3.f.)
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Engineering Comments

Please find below Andrews Engineering’s response to the Ameren Construction Permit
Application for Proposed Utility Waste Landfill originally submitted on January 29, 2013 with
additional information submitted on August 7, 2013.

1. Calculate the bearing capacity of the subgrade in varying locations throughout the footprint.
Additionally, calculate the bearing capacity during a maximum credible seismic event which
induces liquefaction during each phase of construction and filling of the landfill. (Article 10,
Section 238 C.3 & 10 CSR 80-11.010(5)(A)4.A)

Bearing capacily analysis has been performed on static conditions. The factor of safety
slightly exceeded 1.0. The model analysis had muiltiple error codes which are typically
indicative of improper input parameters. No explanation of the error codes was provided
other than the stability software’s output.

2. On Sheet 19, the Perimeter Ditch at Closure shows 12” of cover soils over the geomembrane
with no clay liner beneath the geomembrane. A minimum of two feet of soil cover must be
over the landfilled CCR. Additionally, erosion protection in the perimeter ditch is necessary
{o prevent exposure of the geomembrane. (Article 10, Section 238 C.3. & 10 CSR 80-
11.010(14)(C)3.)

This has not been revised and still remains an outstanding issue. This issue can be handled
in a permit condition that requires two feet soil required in the final cover and the stormwater
perimeter ditches are part of the cover system due to the fact that they are directly over
waste. No erosion protection exists in the design and will need to be addressed during
construction.

3. Liquefaction has been determined to occur in muitiple layers. When reviewing the post-
liquefied shear strengths provided in the table for the stability analysis, they don’t match the
shear strengths from correlation charts based upon the SPT blow counts. The chart
referenced in the Reitz & Jens report was H. Bolton Seed's 1987 chart. Seed and Harder
updated this chart with additional information in 1990 and this chart is available with a 3rd
Order Best-Fit curve to simplify the correlation. Please provide the graphed correlations
providing the residual shear strengths based upon the SPT blowcount corrected for the
percentage of fines. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft
Technical Guidance Document on Static and Seismic Slope Stability for Solid Waste
Containment Facilities produced by The Solid Waste Management Program/DEQ/MDNR
and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of
Civil Engineering, University of lllinois at Urbana-Champaign).

The model runs have been revised with some new values but the Table E-1 has not been
revised so the values don'’t correlate between the model runs and the table. Additionally,
the model runs have the revised inputs with the reduced cohesive values but resulted in
higher FOS. Please explain how the model was revised to obtain a higher FOS when using
reduced cohesive values.

4. The waste boundary should be reduced to allow the groundwater monitoring wells to be
installed in the area of the DSI. If the wells are installed outside the area of the DSI, the
data from the wells must be complied and correlated to existing DSI data and provided as
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an addendum to the DSI. (Article 10, Section 238 C.3; 10 CSR 80-2.015(1)(D) & 10 CSR
80-2.015 Appendix I)

No revisions were made pertaining to this comment. The geologic data from the new
groundwater monitoring wells that were installed needs to be used to update the DSI.

5. Section 4.1.2 Sequence of Phase Construction describes the construction sequence of each
phase. The Phase 1 Construction Sequence doesn’t discuss the timing of constructing the
stormwater pond, but Phases 3 and 4 Construction Sequence discusses constructing the
stormwater ponds after placing CCR in the phase area. The construction of each
stormwater pond and the CQA report for each must be approved prior to placing CCR into
the phase area associated with the stormwater pond. (40 CFR Part 122.26; 10 CSR 20-
6.200)

No revisions were made. The construction of each stormwater pond and the CQA report for
each must be approved prior to placing CCR into the phase area associated with the
stormwater pond. A condition could be added to the construction permit to require that the
stormwater ponds are constructed and permitted prior to the operating permit for each
associated cell.

6. The information provided in Section 5.3 Estimate of Yield Acceleration and Lateral Spreading
for the short-duration time history appears to be incorrect and/or not the most critical based
upon the provided charts. The data provided for the short-duration time history came from
chart #10 (page C-9) when chart #2 (page C-10) provide a higher peak rock acceleration =
0.25 and PHGA = 0.24 based upon the output provided from SHAKE2000 analysis using the
same soil profile. The values provided are for the unfilled conditions. Additional model runs
were completed for the filled conditions for use in the final cover but not discussed in this
section. Provide a narrative with the Appendix C Results of Seismic Risk Analyses to detail
the assumptions and correlate the model analysis from the inputs to the generated results.
Update this information and use it in your modeling. (Article 10, Section 238 C.3; 10 CSR
80-11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope
Stability for Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lllinois at Urbana-Champaign)

This has not been revised. This section needs further justification.

7. Friction angles for the geomembrane/clay interface appear to be too high. The direct shear
testing performed on the interface did not adequately displace the interface and the normal
loads were low. The displacement testing should be on the order of inches and the normal
stresses need to meet the full capacity of the landfill design. Additionally, at lower normal
stresses, the critical interface may occur between the geomembrane and geotextile or
geocomposite. All of the designs need to be analyzed to have the proper inputs for stability
analysis. The bottom liner illustrated as detail 3/17 Bottom Liner and Leachate Collection
Detail shows a smooth geomembrane, not a textured HDPE geomembrane as was tested
and provided in Appendix A-1 of Appendix J. The interface friction angle (15 degrees)
utilized in the Analysis and Design of Veneer Cover Soils, Figure E-42, is a more
representative value for textured HDPE geomembranes/clay interface. (Article 10, Section
238 C.3; 10 CSR 80-11.010(5)(A)4.B. & Draft Technical Guidance Document on Static and
Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid Waste
Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor
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of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

This comment was not addressed. Direct shear analysis of the clay liner borrow material
and the textured HDPE for the composite liner will need to be properly tested and analyzed
during preparation of the construction specifications to verify the permanent cumulative
deformation analysis.

8. The Construction Quality Assurance Plan inadequately addresses the requirements in 10
CSR 80-11.010(6)(B)1.A. “A detailed description of the QA/QC testing procedures that will
be used for every major phase of construction. The description must include at a minimum,
the frequency of inspections, field testing, laboratory testing, equipment to be utilized, the
limits for test failure, and a description of the procedures to be used upon test failure;”
Specifically, this section should include tables showing the frequency and acceptable test
result values for each testing procedure. The Air Pressure Testing of seams cannot allow a
drop of 4 psi during the 5 minute test. It must not drop more than 10% of the equalized
pressure of at least 25 psi. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(6)(B)1.A.)

This comment was not addressed. The air pressure testing still needs to be revised as it
does not meet the industry standard.

Additional Comments & Concerns

9. Interior berms filled with CCR must be constructed immediately after receiving the Operating
Permit or Authorization to Operate due to placing waste within the landfill footprint.
Additional CQA reporting will then be required for the construction of the interior berm and
requires approval prior to placing CCR material onto it. (Article 10, Section 238 C.3.d.)

No revisions were found within the revised CPA. This can be made a condition of the
construction permit.

10. The minimum factor of safety recommended by the draft technical guidance document from
MDNR-SWMP and Stark is 1.2 to 1.3, not 1.1 as listed in Table E-2 Results of Slope
Stability Analyses. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft
Technical Guidance Document on Static and Seismic Slope Stability for Solid Waste
Containment Facilities produced by The Solid Waste Management Program/DEQ/MDNR
and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of
Civil Engineering, University of lllinois at Urbana-Champaign)

Revisions to the narrative of Appendix J with regards to the minimum factor of safety have

been further discussed and now agrees with the above draft technical guidance document
but Table E-2 has not been updated.

11. After closure, all stormwater should be routed through the stormwater ponds to reduce
sediment loading rather than allowing the letdown structures to discharge over the exterior
berms. (General Engineering Comment)
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This comment was not addressed. This is something that can be dealt with in the future as
part of the construction specifications for the final cover of the landfill.

12. The separation between the compacted soil component of the composite liner shall be two
feet above the Natural Water Table in the site area. Provide a potentiometric surface map
for the critical monitoring events from the DSI with the post-settlement base grades provided
of the landfill footprint. In any area where the potentiometer surface map illustrates that the
surface is above the existing topography, use the top of the existing topography (pre-land
disturbance) for those areas. (Article 10, Section 238 C.3.c..)

On January 7, 2013, Andrews provided a letter as requested by Ameren for inclusion in their
permit application. In that letter, it states that we agree with the concept but we couldn’t
provide an approval until we received an application to review. Franklin County’s Article 10,
Section 238 C.3.c. sels the limit for separation between the compacted soil component of
the composite liner and the Natural Water Table. Franklin County’s regulation does not
have an allowance for a demonstration specifically stated.

13. Settlement analysis demonstrates some differential settlement which could cause ponding in
the flat stormwater channels, a reduction in the overall height of the berms and settlement of
the base grades of the landfill. Each of these must be discussed including how Franklin
County’s regulations will be satisfied during all phases of construction, filling and closure.
Additionally, the settlement analysis typically has a range of settlement that may occur due
to variability in the underlying subgrade and must be conservatively considered in the
analysis to prevent overtopping of the exterior and interior berms due to a 500-year flood
event. (Article 10, Section 238 C.3; Article 10, Section 238 C.3d.i.; 10 CSR 80-
11.010(5)(A)4.A & 10 CSR 80-11.010(8)(B)1.F.(IV))

This comment was not addressed. No changes or discussion on the stormwater channels.
Operationally, it is added to maintain the berm height during operations of the facility.

14. Due to the size of the cells, provide calculations to show the removal rate of leachate
generated from a storm event during the first couple of weeks of filling. Justify the storm
event, calculate the removal rate and describe disposal method utilized. (Article 10, Section
238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

This comment was not addressed. This will need to be specified in the construction
specifications and approved prior to construction.

15. On Sheets 5 and 7, show how the stormwater from Cell 2 will flow into the Stormwater Pond
1. (General Engineering Comment)

This comment was not addressed. At some point in time, they appear to regrade the
stormwater ditches to connect from Cell 2 to Cell 1 with no discussion. This is an
operational issue that would need to be addresses prior to issuing the operating permit for
Cell 2.

16. The stormwater management plan for the site allows most stormwater to become contact
waters and thus leachate. Based upon the stormwater management plan, no waters onsite
will be allowed to discharge from the site and must be contained and treated as leachate.
Additionally, a one-way valve rather than a gate valve alone would be required in the
Stormwater Ponds (Leachate Ponds) to prevent leachate out of the ponds during the
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17.

18.

19.

equalization. These ponds will additionally need to be designed with a liner system which
meets the requirements of MDNR’s Solid Waste Management and Water Protection
Programs for storing leachate (waste waters). The use of these waters will be limited to
within the composite lined landfill area or for use as makeup waters within the power plant’s
future scrubber systems. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e.; 10
CSR 80-11.010(8)(B)1.F.(V); 10 CSR 80-11.010(8)(C)2. & 10 CSR 80-11.010(9)(C)2.)

In the response to MDNR Comment #7, it is stated that “Leachate and stormwater that
cannot be utilized within the UWL limits for dust control or for conditioning of the ash prior to
disposal in the UWL will be pumped back to ash ponds at the plant for discharge through
NPDES Outfall 002.” Based upon this response, it appears they intend to manage their
leachate via dilution with the stormwater. No revisions made to the plan.

Seeding to establish vegetation on the intermediate side slope cover needs to occur within a
much shorter period than annually as provided in the Phases 1, 2, 3 and 4 Aesthetic Cover
section. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(13)(B))

This comment has not been incorporated into the CPA. On page 4-4, Section 4.1.2
Sequence of Phase Construction; Phases 1, 2, 3 and 4 Aesthetic Cover states “Seed to
establish vegetation on the intermediate side slope cover annually.” This is still
unacceptable.

The Leachate and Stormwater Forcemains are shown in the Exterior Berm without the
depths noted. The forcemains must be installed at a depth to prevent freezing during cold
weather conditions. Additionally, account for these forcemains being located in a berm
above grade and the landfill will not have exothermic reactions. (Article 10, Section 238
C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.D.)

This comment was not addressed. This will need to be specified in the construction
specifications and approved prior to construction.

If soils from onsite are acceptable for clay liner, prior to use for such, a test pad for these
materials would be necessary since the offsite borrow soils are different. (Article 10, Section

- 238 C.3. & 10 CSR 80-11.010(10)(C)1.)

20.

21.

This comment was not addressed.

The landfill liner and overlying leachate collection system must have a minimum slope of
1%, pre and post settlement. Revise the landfill grades to meet this requirement during all
times within the landfill footprint. Provide plan sheets with the critical cross sections which
show the pre and post settlement landfill base grades. (Article 10, Section 238 C.3.; Article
10, Section 238 C.3.e. & 10 CSR 80-11.010(10)(B)4.)

This comment was not addressed.
Specify the geotextiles for the cushion fabric and the filter fabric shown in the Bottom Liner
and Leachate Collection System Detail. Provide the supporting documentation and any

necessary calculations. (General Engineering Comment)

This comment was not addressed. Will need to be specified in the construction
specifications and approved prior fo construction.
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22. Provide detail drawings for the pipe perforation or slotting pattern for the leachate collection
lines and sump riser pipe. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10
CSR 80-11.010(9)(B)1.C.)

This comment was not addressed. Will need to be specified in the construction
specifications and approved prior to construction.

23. In Appendix Y(a) Leachate Pipe and Pump Calculations, the leachate storage tank is listed
as a 12-ft diameter horizontal tank. The drawings provided for the site have a vertical
storage tank shown without any detail drawings for the storage tanks. Provide a detailed
drawing for the storage tanks and the anticipated operations of the tanks to prevent them
from exceeding capacity. Provide the pump details for the pumps within the leachate
storage tanks. This should be included in the leachate management plan. (Article 10,
Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.A.)

This comment was not addressed. This should be provided in the construction specifications
prior to construction.

24. The leachate storage tanks have no capacities or sizes listed or illustrated in the drawings.
The leachate storage tanks must be sized based upon the pumping rates of the sumps
within the landfill, and the maintenance and inspection schedule or control systems for each.
(Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.A.)

This comment was not addressed. This will need to be specified in the construction
specifications and approved prior to construction.

25. The stability analysis failed to meet the required and recommended factor of safeties.
Cross-section E-E’ failed to meet the factor of safety of 1.5 for the static drained global
circular failure surface both with the initial and full fill of CCP. (Article 10, Section 238 C.3;
10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic
Slope Stability for Solid Waste Containment Facilities produced by The Solid Waste
Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Assaociate Professor
of Civil Engineering, Department of Civil Engineering, University of lllinois at Urbana-
Champaign)

The CPA stated the required factor of safety as 1.5 for the static drained global circular
failure. Our review concurred with this statement and further implemented it during the
review.

26. Liquefaction analysis is typically performed in the upper 50’ of unconsolidated materials.
Almost every boring was stopped at 35’ in depth. Due to the lack of information from the 35’
to 50’ interval of the unconsolidated materials, provide a narrative justifying why liquefaction
would not be anticipated at depths below 35". (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(A)4. & Draft Technical Guidance Document on Static and Seismic Slope Stability
for Solid Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of lliinois at Urbana-Champaign)

This comment was not addressed.

Engineering Comments page 6 of 7 October 8, 2013
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27. Provide the actual stability analysis for the deformation analysis and provide with a narrative
rather than a table listing the yield accelerations and deformations for the short and long-
duration events. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical
Guidance Document on Static and Seismic Slope Stability for Solid Waste Containment
Facilities produced by The Solid Waste Management Program/DEQ/MDNR and Timothy D.
Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil Engineering,
University of lllinois at Urbana-Champaign)

This comment was not addressed and needs to include appropriate narrative explaining the
interface shear values used for deformation analysis.

28. Provide the calculations correlating the CPT test data to the elastic modulus utilized in the
Settlement Analysis. The CPT logs which were provided in the DSI don’t provide enough
detail to verify the elastic moduli provided in the settlement analyses. Additionally, heavily
loaded conditions decrease the modulus, so these factors need to be accounted for relative
to their location within the footprint of the fill. The Bowles 1997 reference appears to be
dated and newer, more precise correlations are widely available which utilize the normalized
cone resistance and normalized friction ration. (Article 10, Section 238 C.3 & 10 CSR 80-
11.010(5)(A)4.A)

This comment was not addressed.

29. In Appendix Y(a), the Leachate Pipe Crushing and Buckling Scenarios, Scenario 1 provides
an H20 truck in the analysis. This size of truck is normal for highway use but it is anticipated
based upon the amount of CCR being deposited that the size of the equipment and tire
loads could be greater. Scenario 3 uses a live load of a 3 ton skid steer on the sump riser
trench with one foot of CCR placed over the top of the sump riser trench. I[n all likelihood,
this loading would occur prior to the placement of the CCR and the geotextile, and would be
used to place the clean gravel. Additionally, Scenarios 1 and 3 drawings appears to be in
error that CCR would be placed as the protective cover over the geocomposite drainage.
Please revise these drawings and recalculate with the proper loading. It also appears that
the pipe values were not reduced due to the perforations in Scenarios 1 and 2. Density of
waste is listed as 75 pcf. Testing results in Appendix J report higher densities for CCPs. A
density of 93 pcf is assumed in calculations in Appendix Y(d). (Article 10, Section 238 C.3.;
Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.C.)

This comment was not addressed.

30. Provide the approved design and drawings of the proposed underpass for Labadie Bottom
Road and all approvals from the controlling authorities. (Article 10, Section 238 C.3 & 10
CSR 80-11.010(4)(C)1.)

This comment was not addressed, but will be required by the county.

Engineering Comments page 7 of 7 October 8, 2013
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Ameren Missouri November 18, 2013 Response to Andrews Engineering’s
Comments Re: Labadie Landfill

Ameren Missouri’s responses to comments appended to Andrews Engineering’s October
8, 2013 correspondence to Franklin County are set forth below:

Groundwater Comments

Background

On April 8, 2011, the Missouri Department of Natural Resources (“MDNR”) issued its
approval of the Detailed Site Investigation (“DSI”) conducted by Ameren Missouri and
its consultants regarding property located in Franklin County (“the County™) and adjacent
to the Labadie Energy Center. As regulatory pre-requisite to submitting a Construction
Permit Application (CPA), an applicant must perform a Preliminary Site Investigation
(“PSI”) and a DSI. Those evaluations which consider a variety of hydrogeologic and
geologic conditions were included along with the use of a model (from Monitoring
Network Design Package (“MAP”), by Golder Associates, Inc. (1992) to define the
locations of a groundwater monitoring well network associated with the proposed
Labadie UWL. All such assessments (groundwater modeling, DSI, groundwater
monitoring plan) have undergone extensive agency review pursuant to MDNR’s Solid
Waste Management Program, the Geologic Survey Program and, as appropriate, the
Water Pollution Program. Such submittals were prepared in accordance with Missouri
regulations and MDNR requirements. On March 7, 2013, MDNR approved the
Groundwater Detection Monitoring System for a Proposed Utility Waste Landfill in
Franklin County. Accordingly the site evaluation phase of the project has concluded and
once MDNR approves the revised CPA, Ameren Missouri’s focus is on landfill design
and construction.

The County has engaged Andrew’s Engineering, Inc. as its Independent Registered
Professional Engineer (“IRPE”) under the County’s Landfill Ordinance to review the DSI
and CPA. Andrews Engineering has provided written comments as a result of their
reviews. Subsequent to a November 12, 2013 meeting with the County and the IRPE,
Ameren Missouri agreed to install seven (7) additional groundwater monitoring wells to
monitor UWL Phase 1. This includes four (4) shallow and two (2) deep wells
downgradient of UWL Phase 1 and one (1) deep well immediately upgradient of UWL
Phase 1.

All of the wells will be monitored in accordance with the routine groundwater monitoring
requirements. The downgradient deep wells will be statistically compared to the
background concentrations established by sampling the upgradient deep well. In addition
the deep wells will be used to calculate the vertical gradients using data collected
contemporaneously at the adjacent shallow well.

The proposed groundwater monitoring network is now comprised of a total of 35
monitoring wells all located approximately 70 to 460 feet from the landfill base (outside
toe). Thirty-two (32) of the wells are finished at depths of approximately 16 to 25 feet
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within the shallow portion of the aquifer and three (3) wells will be screened in the
deeper portion of the aquifer. Attached is a figure that depicts the landfill layout and
accompanying groundwater monitoring network including the locations of the seven (7)
newly proposed wells. Monitoring wells MW-29 through MW-32 are located north of
Cell 2 and will monitor the shallow portion of the aquifer.

As indicated above, the deep wells will be used to determine groundwater quality a

nd gradient data. In order to determine vertical gradients the deep wells need to be
installed within approximately ten (10) feet of a shallow well location. Therefore the
proposed locations are within approximately ten (10) feet of wells MW-30 and MW-05
for hydraulically downgradient locations and MW-25 for the upgradient location. The
three deep wells will be screened over a ten (10) feet interval approximately seventy-five
(75) to eighty-five (85) feet below the existing ground surface.

Ameren Missouri will collect data during the installation of the deep wells to determine
the textural and geologic classification of the aquifer. Such data will consist of disturbed
soil samples collected in a Standard Penetration Test (ASTM D1586) at about 5-foot
intervals and continuous logging by a qualified geologist. Laboratory testing of the soil -
samples will consist of grain-size analyses. The grain-size analyses and the N-values
from the SPT testing will be used to estimate the bulk porosity and horizontal coefficient
of permeability at the depth of each sample. Following installation of the wells, Ameren
Missouri will obtain water level and water quality data on a routine schedule to obtain 8
representative background data sets. These data will be evaluated to determine the
apparent direction of horizontal flow and gradient. Vertical flow and gradients will be
determined using similar data from the shallow groundwater monitoring wells.

Engineering Comments

(Bearing Capacity of the Subgrade and Impact on Liner and Leachate Collection)

Calculate the bearing capacity of the subgrade in varying locations throughout the
Jfootprint. Additionally, calculate the bearing capacity during a maximum credible
seismic event which induces liquefaction during each phase of construction and filling of
the landfill. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(5)(A)4.4)

Bearing capacity analysis has been performed on static conditions. The factor of safety
slightly exceeded 1.0. The model analysis had multiple ervor codes which are typically
indicative of improper input parameters. No explanation of the ervor codes was provided
other than the stability software’s output.

RESPONSE: Missouri regulations require a settlement and bearing analysis be
performed for all stages of construction on the “in place foundational material beneath
the disposal area.” 710 CSR 80-11-010 (5) (4) 44. Contrary to the comment and citation
to the regulation, the regulation does not require the plan to “calculate the bearing
capacity during a2 maximum credible seismic event which includes liquefaction during
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each phase of construction and filling of the landfill.” Rather, the regulation states:
“Settlement and bearing capacity shall be performed on the in-place foundation material
beneath the disposal area. The effect of the foundation material settlement on the liner
and leachate collection system shall be evaluated.” 10 CSR 80-11-010 (5) (4) 44. (In any
event, a liquefaction stability analysis (as depicted in Figure E-2 and similar Figures)
does in fact show the bearing capacity of the UWL foundation soils with liquefaction at
multiple locations and for various phases of construction. Those analyses contemplate a
seismic event of magnitude (Mw) 7.5 and a peak horizontal ground acceleration (PHGA)
of 0.179¢g and assesses the impact of potential liquefaction at various locations within the
UWL where liquefaction might occur. See also Response to Comment 26).

Ameren Missouri has performed the bearing capacity analysis required by 10 CSR 80-11-
010 (5) (A) 44 which confirmed that the weight of the expected landfill mass will be
protective of the liner and leachate collection system. Specifically, the bearing capacity
analysis included in Appendix J, Section 6.4 of the August 2013 CPA demonstrates that
UWL’s factor of safety against bearing capacity failure is 2.0, which conforms to
generally accepted engineering practice. The error codes in the output from the SLIDE
software program are not the result of input errors, but boundary conditions. Boundary
conditions will be properly established in all future modeling runs to eliminate error
codes where feasible. The software analyzes tens of thousands of potential failure
surfaces within the parameters requested, some of which are not feasible; the error codes
merely notify the user that those trial surfaces were considered.

(Final Cover System)

On Sheet 19, the Perimeter Ditch at Closure shows 127 of cover soils over the
geomembrane with no clay liner beneath the geomembrane. A minimum of two feet of
soil cover must be over the landfilled CCR. Additionally, erosion protection in the
perimeter ditch is necessary to prevent exposure of the geomembrane. (Article 10,
Section 238 C.3. & 10 CSR 80-11.010(14)(C)3.)

This has not been revised and still remains an outstanding issue. This issue can be
handled in a permit condition that requires two feet soil required in the final cover and
the stormwater perimeter ditches are part of the cover system due to the fact that they are
directly over waste. No erosion protection exists in the design and will need to be
addressed during construction.

RESPONSE: Missouri regulations permit MDNR to authorize the use of alternative
landfill cover systems. Specifically, 10 CSR 80-11-010 (14)(C)5 provides “[t]he
department may approve the use of an alternative final cover system provided that the
owner/operator can demonstrate that the alternative design will be at least equivalent to
the final cover system described in paragraph (14)(C)3 of this rule.” Ameren Missouri
has elected to use a synthetic geomembrane system similar to that approved by MDNR at
the Sioux Energy Center UWL. Ameren Missouri has proposed to MDNR an alternative
final cover system comprised of geomembrane component overlain by at least 1 foot of
soil to support vegetative growth. Missouri regulations require a minimum final cover to
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include 1 foot of compacted clay with a permeability of 1x10-5 cm/sec or less, overlain
by | foot of soil capable of sustaining vegetative growth. The final cover in Labadie
UWL perimeter ditch will include a 40-mil HDPE liner overlain with 1 feet of vegetative
soil, while the final cover for the remainder of the UWL will include a 40-mil HDPE
liner overlain with 2 feet of vegetative soil as indicated in Section 3.12 of the August
2013 CPA. . The adequacy of this alternative landfill cover system was demonstrated in
the Modification to Construction Permit Number 0918301 for the Sioux Energy Center
UWL that was approved by MDNR on February 8, 2013. Ameren will comply with
future modifications to UWL regulations that may necessitate revisions to final cover
system requirements.

10 CSR 80-11-010 (14)(C)3 states “As each phase of the utility waste landfill is
completed, a final cover system shall be installed of one foot (1°) of compacted clay ...
and overlaid with one foot of soil capable of sustaining vegetative growth.” 10 CSR 80-
11.010(1) states “...If techniques other than those listed as satisfactory compliance in
design or operation are used, it is the obligation of the utility waste landfill
owner/operator to demonstrate to the department in advance that the techniques to be
employed will satisfy the requirement...”* The use of a much less permeable HDPE liner
in lieu of 1 foot of compacted clay is a more conservative cover system than required by
10 CSR 80-11.010(14)(C)3 and is consistent with other landfill cover systems approved
by MDNR. Nevertheless, Ameren intends to employ two feet of soil over the majority of
the UWL surface area and one foot of soil in the stormwater channels (over a
geomembrane) as outlined above with erosion protection within the stormwater channels
where flow velocities exceed 3 ft/sec.

(Modeling to Assess Liquefaction)

Liquefaction has been determined to occur in multiple layers. When reviewing the post-
liquefied shear strengths provided in the table for the stability analysis, they don’t match
the shear strengths from correlation charts based upon the SPT blow counts. The chart
referenced in the Reitz & Jens report was H. Bolton Seed’s 1987 chart. Seed and Harder
updated this chart with additional information in 1990 and this chart is available with a
3rd Order Best-Fit curve to simplify the correlation. Please provide the graphed
correlations providing the residual shear strengths based upon the SPT blowcount
corrected for the percentage of fines. (Article 10, Section 238 C.3; 10 CSR 80-
11.010(5)(4)4. & Draft Technical Guidance Document on Static and Seismic Slope
Stability for Solid Waste Containment Facilities produced by The Solid Waste
Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of Illinois at
Urbana-Champaign).

The model runs have been revised with some new values but the Table E-1 has not been
revised so the values don’t correlate between the model runs and the table. Additionally,
the model runs have the revised inputs with the reduced cohesive values but resulted in
higher FOS. Please explain how the model was revised to obtain a higher FOS when
using reduced cohesive values.
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RESPONSE: Pursuant to /0 CSR 80-11.010(5)(A)4, the applicant must perform stability
analyses for all stages of construction as follows: settlement and bearing capacity,
11.010(5)(A4)44; stability analysis on all liner and leachate system components,
11.010(5)(4)4B; structural strength to support maximum loads imposed by overlying
materials and equipment, /1.010(5)(A)4C; waste mass stability and intermediate and
final slope grade conditions, 11.010(5)(4)4D. Ameren Missouri has performed each of
these assessments and the results can be found in Appendix J, Section 6.1.3 of the August
2013 CPA.

The Seed and Harder, 1990 empirical relationship was compared with 8 other published
criteria. The criteria for estimating the shear resistance of liquefied soils used in the
1nitial analyses are consistent with Seed and Harder (1990) for N-values up to about 10
blows per foot (for weak or loose soils). The stability analyses were rerun using the
residual strengths of the liquefied soils per the recent criterion by Idriss and Boulanger
(2008), corrected for fine soil content. The factors of safety (FS) decreased by 0.068 or
less, which is less than the accuracy of the analyses (which MDNR-SWMP and Stark
states is about +5%). Also, the original stability analyses were run assuming that
liquefaction could occur under the completed UWL where other analyses showed that
liquefaction would not occur. If the liquefiable soil strata were limited to those areas
where it may still occur within the completed UWL, then the FS shown in Table E-2
increased to between 1.50 and 1.81. However, since the original liquefaction analysis
was more conservative, and thus adequately protective, the original results were reported
in Table E-1 and E-2. The additional modeling runs using justified appropriate values to
demonstrate that the FS exceeds the minimums provided in MDNR-SWMP and Stark’s
Guidance Document will be included in Appendix J of the CPA.

(Ground Water Monitoring Wells)

The waste boundary should be reduced to allow the groundwater monitoring wells to be
installed in the area of the DSI. If the wells are installed outside the area of the DSI, the
data from the wells must be compiled and correlated to existing DSI data and provided
as an addendum to the DSI. (Article 10, Section 238 C.3; 10 CSR 80-2.015(1)(D) & 10
CSR80-2.015 Appendix I} Nao revisions were made pertaining to this comment. The
geologic data from the new groundwater monitoring wells that were installed needs to be
used to update the DSL

RESPONSE: The subsurface information obtained during groundwater monitoring well
installation was compiled and submitted to MDNR and DGLS in the “Groundwater
Detection Monitoring Wells Installation Report” dated May 9, 2013. This data has been
correlated with the existing DSI data to verify the consistency of the geology. The
proposed landfill is located within the area defined and evaluated by the DSI and
monitoring wells have been located approximately 70 to 460 feet from the base (outside
toe) of the landfill. MDNR’s published guidance provides that wells be “located outside
but not greater than 500 feet from the anticipated limit of the area”. 10 CSR 80-2.015;
Appendix I, Monitoring Wells. The monitoring well network is intended to “evaluate the
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potential for migration of fluids generated by the utility waste landfill.” 1/ CSR 80- 011 8
(B)3. The monitoring well network serves that purpose. Further, as noted above, atthe -
request of the County, Ameren Missouri will install seven (7) additional monitoring wells
(4 shallow and 3 deep) to augment the monitoring network.

%) (Construction of Stormwater Ponds)

Section 4.1.2 Sequence of Phase Construction describes the construction sequence of
each phase. The Phase I Construction Sequence doesn’t discuss the timing of
constructing the stormwater pond, but Phases 3 and 4 Construction Sequence discusses
constructing the stormwater ponds after placing CCR in the phase area. The construction
of each stormwater pond and the CQA report for each must be approved prior to placing
CCR into the phase area associated with the stormwater pond. (40 CFR Part 122.26; 10
CSR 20-6.200)

No revisions were made. The construction of each stormwater pond and the COA report
Jfor each must be approved prior to placing CCR into the phase area associated with the
stormwater pond. A condition could be added to the construction permit to require that
the stormwater ponds are constructed and permitted prior to the operating permit for
each associated cell.

RESPONSE: Construction of stormwater ponds will occur in conjunction with
construction of the landfill so that stormwater can be properly managed at the site.
Accordingly, permits for the construction of stormwater ponds will be obtained from
MDNR as appropriate prior to the operation of the pond associated with a specific phase
of the landfill. In Section 4.1.2 of the CPA to be re-submitted, Ameren will clarify that
Pond 1 will be constructed concurrently with Phase 1; Pond 2 will be constructed
concurrently with Phase 3; and Pond 3 will be constructed concurrently with Phase 4.
CQA reports will be completed for each pond and submitted concurrently with the CQA
report for the applicable cell prior to issuance of the MDNR operating permit and
Franklin County operating license.

6) (Seismic Risk Analysis)

The information provided in Section 5.3 Estimate of Yield Acceleration and Lateral
Spreading for the short-duration time history appears to be incorrect and/or not the most
critical based upon the provided charts. The data provided for the short-duration time
history came from chart #10 (page C-9) when chart #2 (page C-10) provide a higher
peak rock acceleration =0.25 and PHGA = (.24 based upon the output provided from
SHAKEZ2000 analysis using the same soil profile. The values provided are for the unfilled
conditions. Additional model runs were completed for the filled conditions for use in the
final cover but not discussed in this section. Provide a narrative with the Appendix C

L in this comment, the IRPE also suggests that a “condition could be added to the construction permit...” Because
the County does not require or issue a UWL construction permit, we assume that this comment may suggesta
condition under the County’s Operating License should the County so chose.
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Results of Seismic Risk Analyses to detail the assumptions and correlate the model
analysis from the inputs to the generated results. Update this information and use it in
your modeling. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(4)4. & Draft
Technical Guidance Document on Static and Seismic Slope Stability for Solid Waste
Containment Facilities produced by The Solid Waste Management Program/DEQ/MDNR
and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department
of Civil Engineering, University of lllinois at Urbana-Champaign)

RESPONSE: The comment notes that additional modeling runs have been performed as
reflected in Sub-Appendix C of Appendix J in the August 2013 CPA and requests a
narrative description of the assumptions and correlations be provided. The description
was in Section 6.1.2 of Appendix J in the August 2013 CPA. The additional computer
runs will be added to Sub-Appendix C of Appendix J in the CPA.

(Geomembrane Liner and Clay Interface)

Friction angles for the geomembrane/clay interface appear to be too high. The direct
shear testing performed on the interface did not adequately displace the interface and the
normal loads were low. The displacement testing should be on the order of inches and the
normal stresses need to meet the full capacity of the landfill design. Additionally, at lower
normal stresses, the critical interface may occur between the geomembrane and
geotextile or geocomposite. All of the designs need to be analyzed to have the proper
inputs for stability analysis. The bottom liner illustrated as detail 3/17 Bottom Liner and
Leachate Collection Detail shows a smooth geomembrane, not a textured HDPE
geomembrane as was tested and provided in Appendix A-1 of Appendix J. The interface
Sfriction angle (15 degrees) utilized in the Analysis and Design of Veneer Cover Soils,

- Figure E-42, is a more representative value for textured HDPE geomembranes/clay

interface. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(4)4.B. & Draft Technical
Guidance Document on Static and Seismic Slope Stability for Solid Waste Containment
Facilities produced by The Solid Waste Management Program/DEQ/MDNR and Timothy
D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department of Civil
Engineering, University of lllinois at Urbana-Champaign)

This comment was not addressed. Direct shear analysis of the clay liner borrow material
and the textured HDPE for the composite liner will need to be properly tested and
analyzed during preparation of the construction specifications to verify the permanent
cumulative deformation analysis.

RESPONSE: This comment addresses the level of friction between the clay and the
HPDE liner. Circular sliding surfaces were used for the global stability analyses in
accordance with standard practice. A plane with lower shear strength properties would
be “invisible” to a circular sliding surface because only the tangent point at the interface
would have the lower shear strength (see discussion by MDNR-SWMP and Stark).
Therefore, the shear strength properties of the clay liner, and the gravel leachate
collection layer if used, were reduced to account for the probable lower shear strength at
the interface. This is conservative because it assigns a reduced shear strength to all of the
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increments of the trail sliding surface that are in the clay liner. Minimum shear strength
properties of the interface were used for the stability analyses that assumed trial sliding
surfaces consisting of multiple planes because the critical sliding surface would be along
the interface. Section 10.1 in Appendix J of the August 2013 CPA states that all of the
engineering properties of the clay and associated interfaces will be tested to verify that
the proposed clay liner material meets or exceeds all of the design assumptions. Ameren
Missouri agrees with the comment and a testing and analysis requirement using Spencer’s
Method will be included as part of the procurement and construction bid process. The
testing and analysis will be provided to Franklin County’s IRPE for review and approval.

(Air Pressure Tests of Liner)

The Construction Quality Assurance Plan inadequately addresses the requirements in 10
CSR 80- 11.010(6)(B)1.A. “A detailed description of the QA/QC testing procedures that
will be used for every major phase of construction. The description must include at a
minimum, the frequency of inspections, field testing, laboratory testing, equipment to be
utilized, the limits for test failure, and a description of the procedures to be used upon
test failure; ” Specifically, this section should include tables showing the frequency and
acceptable test result values for each testing procedure. The Air Pressure Testing of
seams cannot allow a drop of 4 psi during the 5 minute test. It must not drop more than
10% of the equalized pressure of at least 25 psi. (Article 10, Section 238 C.3 & 10 CSR
80-11.010(6)(B)1.4.)

RESPONSE: Ameren Missouri agrees that the liner system should be properly air tested
during construction and will employ industry standard air pressure tests to assess liner
seams during construction. The CQA Plan (Appendix P) will be modified in the CPA to
reflect the industry standards, including that the pressure cannot drop more than 2 pst
during the 5 minute test or more than 10% of the equalized pressure of at least 25 psi.

(Construction of Interior CCR Berms)

Interior berms filled with CCR must be constructed immediately after receiving the
Operating Permit or Authorization to Operate due to placing waste within the landfill
Jootprint. Additional COA reporting will then be required for the construction of the
interior berm and requires approval prior to placing CCR material onto it. (Article 10,
Section 238 C.3.d.)

RESPONSE: The interior CCP berm is an integral component of the exterior berm
system required by Article 10, Section 238 C.3.d of the Franklin County regulations.
With respect to timing of construction, both the interior and exterior berms must be
constructed under the MDNR Construction Permit, and prior to issuance of the MDNR
operating permit and Franklin County operating license. CCP material used as part of the
berm construction is an authorized use by MDNR and CCP waste material cannot be
placed in the UWL until MDNR issues an operating permit. This same construction
sequencing of berms (interior and exterior berms constructed in conjunction but prior to
placement of CCP waste) has been approved by MDNR on February 8, 2013 as part of
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their approval of the Modification to Construction Permit Number 0918301 for the Sioux
Energy Center UWL. Upon completion of Phase 1 and Phase 3 construction of the
composite lined area, including the CCP berms, a CQA Report will be submitted to
Franklin County’s IRPE to review the report for the internal CCP berms and areas
beneath the internal berms.

(Safety Factor Analysis — Slope Stability Analysis)

The minimum factor of safety recommended by the draft technical guidance document
from MDNR-SWMP and Stark is 1.2 to 1.3, not 1.1 as listed in Table E-2 Results of Slope
Stability Analyses. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(4)4. & Draft
Technical Guidance Document on Static and Seismic Slope Stability for Solid Waste
Containment Facilities produced by The Solid Waste Management Program/DEQ/MDNR
and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil Engineering, Department
of Civil Engineering, University of lllinois at Urbana-Champaign)

Revisions to the narrative of Appendix J with regards to the minimum factor of safety
have been further discussed and now agrees with the above draft technical guidance
document but Table E-2 has not been updated.

RESPONSE: As described in Appendix J, Section 6.1.3 of the August 2013 CPA, to
confirm the conservative nature of our assumptions, Ameren Missouri performed
stability analyses of five UWL cross sections and assumed the presence of fully liquefied
soil strata (loose sandy soils) without consideration of the impact of soil consolidation
resulting from construction of the berms and CCP fill . (As soil consolidation occurs,
foose, sandy soil pockets become compressed and the potential for liquefaction
diminishes.) The FS;;, for this conservative assumption ranged from 1.13 to 1.72, slightly
less than the above guidance criterion (1.2 to 1.3). As standard engineering practice, a
factor of safety above 1.0 is acceptable when assessing seismic conditions. Table E-2
will be modified to show Recommended Minimum FS’ of 1.2 for global circular failure
with liquefaction analyses with a footnote explaining the reduced FS for the full height
UWL.

(Routing of Stormwater Following Closure of the Landfill)

After closure, all stormwater should be routed through the stormwater ponds to reduce
sediment loading rather than allowing the letdown structures to discharge over the
exterior berms. (General Engineering Comment)

RESPONSE: Ameren Missouri intends for the UWL to operate for approximately 30
years and it is premature at this time to delineate the precise manner in which stormwater
occurring post-closure will be managed. The current UWL design that discharges
stormwater from the closed landfill directly to the surrounding property via letdowns is
consistent with 10 CSR 80-11.010(8)(F) and other landfill drainage systems approved by
MDNR throughout the State. The letdowns have been designed to control erosion so that
the stormwater discharges meet water quality requirements. Ameren Missouri will
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comply with all MDNR requirements and appropriate stormwater management measures
developed and included within the Labadie UWL operating procedures. Upon closure of
the UWL, such Plan will be updated to describe the appropriate stormwater management
methods applicable at that time.

(Separation between Compacted Soils and Natural Groundwater Table)

The separation between the compacted soil component of the composite liner shall be two
feet above the Natural Water Table in the site area. Provide a potentiometric surface
map for the critical monitoring events from the DSI with the post-settlement base grades
provided of the landfill footprint. In any area where the potentiometer surface map
illustrates that the surface is above the existing topography, use the top of the existing
topography (pre-land disturbance) for those areas. (Article 10, Section 238 C.3.c.)

RESPONSE: Franklin County’s Ordinance requires “the clay or composite soil
component at the base of the Utility Waste Landfill shall be at least two (2) feet above the
Natural Water table in the site area.” The Natural Water Table at the Labadie Energy
Center was defined in Appendix Z of the August 2013 CPA at elevation 464 and is the
basis for design of the composite liner system. The site will be graded to a minimum
subgrade elevation of 466 prior to installation of the clay liner. Drainage sumps must be
located at a lower level so that gravity will allow the leachate to drain into them. The
separation between the composite liner and Natural Water Table proposed in the August
2013 CPA is consistent with other landfill liner systems approved by MDNR and has
been preliminarily approved by MDNR. 10 CSR 80-11.010 (4) (B) 6.

Potential for Differential Settlement in Stormwater Channels and Berm Heights

Settlement analysis demonstrates some differential settlement which could cause ponding
in the flat stormwater channels, a reduction in the overall height of the berms and
settlement of the base grades of the landfill. Each of these must be discussed including
how Franklin County’s regulations will be satisfied during all phases of construction,
filling and closure. Additionally, the settlement analysis typically has a range of
settlement that may occur due to variability in the underlying subgrade and must be
conservatively considered in the analysis to prevent overtopping of the exterior and
interior berms due to a 500-year flood event. (Article 10, Section 238 C.3; Article 10,
Section 238 C.3d.i.; 10 CSR 80-11.010(5)(4)4.4 & 10 CSR 80-11.010(8)(B)1.F.(IV))

RESPONSE: In accordance with 10 CSR 80-11.010(5)A.4.A.&B., and 10 CSR 80-
11.010(8)(B)1.F.(IV), Ameren Missourl has performed an analysis that contemplates the
manner in which various feature of the landfill (e.g. berms, stormwater channels, etc.)
may settle based upon a variety of future operating scenarios and weather conditions. As
with any structure, settlement may occur over time. The integrity of the landfill will be
operated, maintained, and monitored, however, so that stormwater is properly managed
and that, in the event of a 500-year flood event, the exterior berms are not overtopped.
Temporary ponding due to minor settlement in the perimeter ditches is not an issue since
all stormwater falling within the UWL waste boundary will be managed as either leachate
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or stormwater in this no-discharge system. As part of the operating procedures of the
Labadie UWL, stormwater management practices and procedures that will be developed
and periodically updated as project and external conditions warrant. Section 2.8.3 of the
CPA states “...as part of the UWL ongoing operation and maintenance, both during
operation and post-closure, the top of berm elevation will be periodically determined by
level survey. If the elevation of the exterior berms settles below the 500-year elevation of
487.6, suitable fill will be added to the perimeter roads on top of the berm to raise the
minimum berm elevation to 488.0”

(Removal Rate of Leachate Generated during a Storm Event Occurring) during
First 2 weeks Of Filling)

Due to the size of the cells, provide calculations to show the removal rate of leachate
generated from a storm event during the first couple of weeks of filling. Justify the storm
event, calculate the removal rate and describe disposal method utilized. (Article 10,
Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.E.)

RESPONSE: Pursuant to /0 CSR 80-11.010(9(4) and (B), the applicant must design and
construct a leachate collection system. A leachate collection system open to the
atmosphere must be designed to prevent discharge during a 25 year, 24 hour storm event.
In addition, ponds and/or tanks must have sufficient capacity to store and equalize flow to
the disposal system. The leachate collection system has been designed with these
requirements.

Section 3.9.2 of the August 2013 CPA summarizes the approach to leachate collection,
storage, and disposal. Leachate will be routed to sumps and then pumped to a storage
vessel adjacent to the landfill. Preliminary analysis using the average annual leachate
generation rates indicate that 50,000 to 70,000 gallons of temporary storage capacity will
be provided by multiple 10,000 gallon movable tanks interconnected in a “tank farm”
during the initial operations of Phase 1. Additional temporary leachate storage capacity
is available in Pond 1 for Phase 1 during start-up, Pond 2 for Phase 3 start-up, and Pond 3
for Phase 4 start-up. The ultimate purpose of these ponds is to manage stormwater runoff
from the active disposal cell, however during initial operations stormwater runoff will be
contained within the cell until the cell has been sufficiently filled with CCPs to allow
gravity flow of excess stormwater into the ponds. Until that time, the entire capacity of
the ponds is available for temporary leachate storage. The design capacity of the
stormwater ponds are adequate to store and manage this water until it can be reused or
disposed off-site. Using the leachate generation history from the operation of Phase 1,
the water (leachate and stormwater) management plan will be re-evaluated and revised as
the project proceeds. Due to the nature of the materials, CCP tends to consolidate
quickly thereby reducing the amount of leachate generated. See also Response to
Comment 23.

(Flow of Stormwater from Cell 2 into Stormwater Pond)

On Sheets 5 and 7, show how the stormwater from Cell 2 will flow into the Stormwater
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Pond 1. (General Engineering Comment)

This comment was not addressed. At some point in time, they appear to regrade the
stormwater ditches to connect from Cell 2 to Cell 1 with no discussion. This is an

operational issue that would need to be addresses prior fto issuing the operating permit
Jfor Cell 2.

RESPONSE: Sections 3.7.1 and 4.5.1 of the August 2013 CPA describes how
stormwater runoff will be routed from the UWL disposal cells (referred to as Phase 1,
Phase 2, etc.) into designated stormwater ponds via properly sized perimeter ditches
inside the perimeter berms and how the UWL will manage stormwater as a no discharge
facility. Phase 2 is constructed adjacent to Phase 1 and the perimeter ditch around Phase
1 that conveys stormwater runoff from Phase 1 to Pond 1. The Phase 2 perimeter ditch
will be connected to the Phase 1 perimeter ditch once Phase 2 is constructed and filled to
a minimum elevation of 483. Ameren Missouri recognizes this operational issue and, as
the various cells are constructed, stormwater will need to be conveyed away from the
UWL and into a stormwater pond. As stated in Section 3.7.1 of the CPA,
“During the initial, active operation of disposal cells, stormwater runoff may
temporarily pond on the CCPs within the UWL. Temporary collection basins will
be located within the active disposal cell and temporary pumps used to pump
accumulated runoff to the perimeter ditch or directly to adjacent stormwater
holding ponds to minimize the amount of stormwater that infiltrates into the
waste. Affer the elevation of in place CCPs exceeds the height of the perimeter
ditch, the CCPs will be graded to maintain slopes on active landfill areas to avoid
ponding, except in temporary collection basins. Ultimately, the perimeter ditch
will convey stormwater from the side slopes, letdown structures, and side slope
benches to the on-site stormwater holding ponds.”
At the point in operations when CCP fill exceeds the height of the perimeter berm, plans
detailing the connection of the perimeter ditch from Phase 2 to Phase 1 will be
determined and submitted to the IRPE before construction of Phase 2.

(Stormwater Management)

The stormwater management plan for the site allows most stormwater to become contact
waters and thus leachate. Based upon the stormwater management plan, no waters onsite
will be allowed to discharge from the site and must be contained and treated as leachate.
Additionally, a one-way valve rather than a gate valve alone would be required in the
Stormwater Ponds (Leachate Ponds) to prevent leachate out of the ponds during the
equalization. These ponds will additionally need to be designed with a liner system which
meets the requirements of MDNR s Solid Waste Management and Water Protection
Programs for storing leachate (waste waters). The use of these waters will be limited to
within the composite lined landfill area or for use as makeup waters within the power
plant’s future scrubber systems. (Article 10, Section 238 C.3., Article 10, Section 238
C.3.e.; 10 CSR 80-11.010(8)(B)1.F.(V); 10 CSR 80-11.010(8)(C)2. & 10 CSR 80-
11.01009)(C)2.)
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In the response to MDNR Comment #7, it is stated that “Leachate and stormwater that
cannot be utilized within the UWL limits for dust control or for conditioning of the ash
prior to disposal in the UWL will be pumped back to ash ponds at the plant for discharge
through NPDES Outfall 002.” Based upon this response, it appears they intend to
manage their leachate via dilution with the stormwater. No revisions made to the plan.

RESPONSE: Sections 3.7, 3.9 and 4.5 of the August 2013 CPA describe how
stormwater runoff and leachate from the UWL will be managed and disposed of in
accordance with applicable water quality standards and requirements. A gate valve and
check (one-way) valve will be installed on the flood mitigation pipe as shown on drawing
4/16 of the CPA. A separate NPDES construction permit will be obtained from MDNR
prior to construction of the ponds as in indicated in Note 1 on drawing 16. Stormwater
and leachate will be managed as explained in the second of section 3.7.1 of the CPA. All
on-site stormwater ponds will be fully lined and comply with MDNR permitting
requirements.

(17)  (Seeding to Establish Vegetation)

Seeding to establish vegetation on the intermediate side slope cover needs to occur within
a much shorter period than annually as provided in the Phases 1, 2, 3 and 4 Aesthetic
Cover section. (Article 10, Section 238 C.3 & 10 CSR 80-11.010(13)(B)) This comment
has not been incorporated into the CPA. On page 4-4, Section 4.1.2 Sequence of Phase
Construction; Phases 1, 2, 3 and 4 Aesthetic Cover states “Seed to establish vegetation
on the intermediate side slope cover annually. ” This is still unacceptable.

RESPONSE: As part of its ongoing maintenance and inspection procedures, Ameren
Missouri will inspect the landfill slopes and perform seeding activities at appropriate
intervals so as to establish a vegetative cover. Section 3.11 states that cover will be
vegetated by seeding immediately after placement. Section 4.1.2 will be updated to state
that vegetation on the intermediate side slope cover will be inspected and maintained as
necessary to provide adequate erosion protection as indicated in specification Section
3.11. Section 4.9 states that seeding will be completed as soon as practical after
placement of cover as required by /0 CSR 80-11.010(14)(B)7. Furthermore, all
stormwater within the UWL waste boundary is captured and controlled during operations
to prevent sediment discharge from the area.

(18)  (Depths of Leachate and Stormwater Piping)
The Leachate and Stormwater Forcemains are shown in the Exterior Berm without the
depths noted. The forcemains must be installed at a depth to prevent freezing during cold
weather conditions. Additionally, account for these forcemains being located in a berm

above grade and the landfill will not have exothermic reactions. (Article 10, Section 238
C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(9)(B)1.D.)

RESPONSE: Ameren Missouri agrees that such piping will be installed below the frost
depth established by existing Franklin County building code or local practice, whichever
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is more conservative. Typically this depth is no more than 30-inches below finished
grade.

(Test Pad — Borrow Material)

If soils from onsite are acceptable for clay liner, prior to use for such, a test pad for these
materials would be necessary since the offsite borrow soils are different. (Article 10,
Section 238 C.3. & 10 CSR 80-11.010(10)(C)1.)

RESPONSE: Ameren Missouri intends to use off-site soils in constructing the
compacted clay liner and will use a test pad to confirm performance and suitability for
such materials prior to construction as indicated in Section 3.0 Appendix P of the August
2013 CPA.

(Slope Between Landfill Liner and Leachate Collection System)

The landfill liner and overlying leachate collection system must have a minimum slope of
1%, pre and post settlement. Revise the landfill grades to meet this requirement during
all times within the landfill footprint. Provide plan sheets with the critical cross sections
which show the pre and post settlement landfill base grades. (Article 10, Section 238
C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-11.010(10)(B)4.)

RESPONSE: This comment suggests that a minimum slope of 1% between the liner and
leachate collection system should be maintained at all times. However, due to the size
and configuration of the UWL, the CPA includes a 1% liner and 0.5% leachate collection
system slope. 10 CSR 80-11.010(1) states “...If techniques other than those listed as
satisfactory compliance in design or operation are used, it is the obligation of the utility
waste landfill owner/operator to demonstrate to the department in advance that the
techniques to be employed will satisfy the requirement...” The effectiveness of using of
a 0.5% slope for the leachate collection pipe was demonstrated in the CPA to the
satisfaction of MDNR. In addition, the HELP modeling results show that the depth of
leachate on the liner in this collection system will never be greater than 2 inches, much
lower than the 1 foot maximum allowed by 10 CSR 80-11.010(B)1.E. This is consistent
with 10 CSR 80-11.010(10)B)4 and other landfills approved by MDNR.

(Material Specifications of Liner Cushion and Filter Fabric)
Specify the geotextiles for the cushion fabric and the filter fabric shown in the Bottom
Liner and Leachate Collection System Detail. Provide the supporting documentation and

any necessary calculations. (General Engineering Comment)

RESPONSE: The detailed material specifications for the various liner elements will be
determined as part of the construction procurement specification and bid process.

(Drawing Details — Slotting Pattern For Leachate Lines)
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Provide detail drawings for the pipe perforation or slotting pattern for the leachate
collection lines and sump riser pipe. (Article 10, Section 238 C.3.; Article 10, Section 238
C3.e. & 10 CSR 80-11.010(9)(B)1.C.)

RESPONSE: The detailed material specifications and configuration or the various
leachate collection lines will be determined as part of the construction procurement
specification and bid process. At that point, construction drawings detailing such
elements will be developed.

(23)  (Detailed Drawings Leachate Storage Tanks)

In Appendix Y(a) Leachate Pipe and Pump Calculations, the leachate storage tank is
listed as a 12-ft diameter horizontal tank. The drawings provided for the site have a
vertical storage tank shown without any detail drawings for the storage tanks. Provide a
detailed drawing for the storage tanks and the anticipated operations of the tanks to
prevent them from exceeding capacity. Provide the pump details for the pumps within the
leachate storage tanks. This should be included in the leachate management plan.
(Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-
11.010(9)(B)1.A.)

RESPONSE: Section 3.9.2, of the August 2013 CPA summarizes the approach to
leachate storage. The number and location of tanks will require ongoing evaluation as a
part of the UWL operations. Plan sheets 6, 7, 8 and 9 show the general location of a
leachate storage tank for each cell, although there is sufficient room for several tanks at
each location. If necessary, additional area for setting temporary leachate tanks will be
developed within the active disposal cell on top of the CCPs. Appendix O summarizes
the Peak Daily Leachate Volume and the Average Annual Leachate Volume predicted by
the HELP model which was used to predict leachate generation rates. Ameren’s
experience with utility waste active dry cell CCP landfills reflects that very little leachate
is generated, particularly when compared to the volumes predicted by the HELP

model.? Therefore, the leachate quantities predicted by the HELP model are considered
to represent conservatively high, or ‘worst case’ scenarios. The water management
calculations found in Appendix Y(c) conservatively estimate that reusing the on-site
stormwater and leachate for moisture conditioning and dust control on interior haul roads
can annually consume approximately 1.5 times the quantity of water that will be
generated by the UWL under the worst case scenarios modeled. Appendix Y(c) also
assumes that prefabricated 10,000 gallon storage tanks, which are readily available, will
be used to temporarily store the leachate on-site until it can be beneficially reused within
the UWL, or transported to an off-site location for disposal. These tanks will be
interconnected and located in a “tank farm” at the approximate locations shown on the

2For example, at landfills owned and operated by an Ameren Energy Resources, an affiliate, less than 1,000 gallons
of leachate is generated annually. Ameren Missouri would anticipate less than 10,000 gaillons annually of leachate
generated from the Labadie UWL, far less than the 6,000 gallons daily default levels predicted by the HELP model.
(Such mode! was developed for municipal landfills whose waste materials decay and generated significant
quantities of leachate).
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drawings. Using the leachate generation history from the operation of Phase 1, the
number of tanks required to manage leachate generated from Phases 2, 3 and 4 can be
more accurately predicted using actual peak and annual data. The long-term leachate
storage requirements will depend on the actual amount of leachate generated and amount
reused within the UWL, which will require ongoing adaptive management based on
historical data during the UWL operation.

(Capacity Size: Leachate Storage Tanks)

The leachate storage tanks have no capacities or sizes listed or illustrated in the
drawings. The leachate storage tanks must be sized based upon the pumping rates of the
sumps within the landfill, and the maintenance and inspection schedule or control
systems for each. (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR
80-11.010(9)(B)1.A.)

RESPONSE: The CPA has been modified to include additional discussion regarding the
leachate storage tanks as outlined in response to comments 14 and 23. The precise
location of such tanks cannot be determined at this time but will be included on final
construction drawings. A maintenance and inspection schedules for such tanks will also
be developed as part of Ameren Missouri’s internal operating plan.

(Stability Analysis and Safety Factors)

The stability analysis failed to meet the required and recommended factor of safeties.
Cross-section E-E’ failed to meet the factor of safety of 1.5 for the static drained global
circular failure surface both with the initial and full fill of CCP. (Article 10, Section 238
C.3; 10 CSR 80-11.010(5)(A)4. & Draft Technical Guidance Document on Static and
Seismic Slope Stability for Solid Waste Containment Facilities produced by The Solid
Waste Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of Illinois at
Urbana-Champaign)

The CPA stated the required factor of safety as 1.5 for the static drained global circular
Jailure. Our review concurred with this statement and further implemented it during the
review.

RESPONSE: Appendix J, Section 6.1.1 of the August 2013 CPA states that the initial
configuration was also analyzed using long-term (i.e. “drained”) shear strength
properties. The minimum FS ranged from 1.45 to 2.70, which are essentially 1.5 or
greater. The actual FS in the long-term will be greater than the values depicted in Table
E-2 because the “initial” configuration is temporary and the fully drained shear strength
properties are greater. The global stability of the completed UWL was also analyzed
using drained strength properties. The FS of the global stability of the CCP and berm
varied from 1.46 to 2.27. The actual FS would be greater than these values because these
analyses did not incorporate the compressive strength of the CCP due to cementation, nor
the gain in shear strength of the foundation soils due to consolidation. While Missouri
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regulations do not specify a minimum factor of safety, guidance documents (MDNR-
SWMP and Stark, 1998) recommend a minimum factor of safety of 1.5 for static stability
analyses. Modeling runs using justified appropriate values to demonstrate that the FS
exceeds the minimums provided in MDNR-SWMP and Stark’s Guidance Document will
be included in Appendix J of the CPA.

(Liquefaction Analysis — Narrative Description Pertaining to Depths below 35 Feet)

Liquefaction analysis is typically performed in the upper 50’ of unconsolidated materials.
Almost every boring was stopped at 35’ in depth. Due to the lack of information from the
357 to 50’ interval of the unconsolidated materials, provide a narrative justifying why
liquefaction would not be anticipated at depths below 35°. (Article 10, Section 238 C.3;
10 CSR 80-11.010(5)(4)4. & Draft Technical Guidance Document on Static and Seismic
Slope Stability for Solid Waste Containment Facilities produced by The Solid Waste
Management Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate
Professor of Civil Engineering, Department of Civil Engineering, University of Illinois at
Urbana-Champaign)

RESPONSE: As part of its liquefaction analysis, in addition to 93 CPT soundings,
Ameren Missouri drilled 119 borings at the UWL site at depths ranging from 19 to 108
feet. Sixty-five (65) CPT soundings were more than 35 feet deep. Twelve (12) borings
and seven (7) CPT soundings in the DS were more than 40 feet deep. As explained in
Appendix J, Section 6.1.3 of the August 2013 CPA, the risk of liquefaction diminishes as
CCP is placed in the UWL and the soil consolidates. The CPT data was analyzed in
discrete 6-inch increments (a “location”) for the full depth of each sounding where
emplirical analysis suggested an anomaly or potential liquefaction existed. After 20 feet
of CCP has been placed, less than 13% of the 78 locations analyzed between 35 and 50
feet in the 65 CPT soundings had a factor of safety less than 1.0 against liquefaction. All
of these locations were only 6 inches thick. After 80 feet of CCP has been placed, less
than 4% of the locations had a factor of safety less than 1.0 against liquefaction. Such
limited strata are both too deep to impact the stability of the UWL, and too thin to
significantly impact settlement. Accordingly, the analyses focused on the potential for
near-surface liquefiable strata which could theoretically impact the UWL in the event of a
seismic event. The analyses of the risk of liquefaction for various heights of CCP are
included in Appendix D of Appendix J of the CPA. Such analysis reflects that
liquefaction conditions would be localized to thin sand zones exterior to the UWL (not
the landfill interior) near the surface which would drain quickly. As noted in the
guidance document by MDNR-SWMP and Stark and in the IRPE’s comment,
liquefaction does not appear to occur below depths of 50. Therefore, after 20 to 30 feet
of CCP has been placed, all of these potentially liquefiable thin strata are effectively
located more than 50 feet deep and it is reasonable to expect the liquefaction potential to
disappear.

(Stability Analysis — Deformation of UWL Side Slopes)

Provide the actual stability analysis for the deformation analysis and provide with a
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narrative rather than a table listing the yield accelerations and deformations for the
short and long- duration events. (Article 10, Section 238 C.3; 10 CSR 80-11.010(5)(4)4.
& Draft Technical Guidance Document on Static and Seismic Slope Stability for Solid
Waste Containment Facilities produced by The Solid Waste Management
Program/DEQ/MDNR and Timothy D. Stark, Ph.D., P.E. Associate Professor of Civil
Engineering, Department of Civil Engineering, University of Illinois at Urbana-
Champaign)

RESPONSE: The slope stability analyses that determined the yield acceleration for each
section for initial and full conditions are in Appendix E of Appendix J of the August 2013
CPA. The SHAKE2000 deformation analyses were run for a range of yield
accelerations. The minimum yield acceleration caused a maximum cumulative
deformation of 0.05 inch, two orders of magnitude smaller than the allowable
deformation of 6 inches. This method of analysis was thorough and complete, and there
is nothing to be learned or gained from additional calculations. Section 5.3 of Appendix
J currently reflects that the analyses estimated the probable horizontal deformation due to
a seismic event for a range of yield accelerations (K), and that the analyses demonstrate
that the estimated probable horizontal deformations of the UWL are much less than the -
maximum deformation of 6 inches allowed by MDNR for a sanitary landfill.

!

Calculations Regarding Settlement Analvsis and CPT Test Data

Provide the calculations correlating the CPT test data to the elastic modulus utilized in
the Settlement Analysis. The CPT logs which were provided in the DSI don’t provide
enough detail to verify the elastic moduli provided in the settlement analyses.
Additionally, heavily loaded conditions decrease the modulus, so these factors need to be
accounted for velative to their location within the footprint of the fill. The Bowles 1997
reference appears to be dated and newer, more precise correlations are widely available
which utilize the normalized cone resistance and normalized friction ration. (Article 10,
Section 238 C.3 & 10 CSR 80-11.010(5)(A)4.4)

RESPONSE: The CPT test data were correlated to the elastic modulus in Appendix 2,
Sub-Appendix D of the DSI. This analysis was completed using CPT-Pro, a
commercially available CPT analysis software from GeoSoft. References were provided
in the Appendix D of the DSI. The description of the methods used to correlate CPT test
data to the elastic modulus that was included in Appendix 2, Sub-Appendix D of the DSI
will be added to Appendix J of the CPA.

(Pipe Crushing and Buckling Scenarios)

In Appendix Y(a), the Leachate Pipe Crushing and Buckling Scenarios, Scenario |
provides an H20 truck in the analysis. This size of truck is normal for highway use but it
is anticipated based upon the amount of CCR being deposited that the size of the
equipment and tire loads could be greater. Scenario 3 uses a live load of a 3 ton skid
steer on the sump riser trench with one foot of CCR placed over the top of the sump riser
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trench. In all likelihood, this loading would occur prior to the placement of the CCR and
the geotextile, and would be used to place the clean gravel. Additionally, Scenarios I and
3 drawings appears to be in error that CCR would be placed as the protective cover over
the geocomposite drainage. Please revise these drawings and recalculate with the proper
loading. It also appears that the pipe values were not reduced due to the perforations in
Scenarios 1 and 2. Density of waste is listed as 75 pcf. Testing results in Appendix J
report higher densities for CCPs. A density of 93 pcf is assumed in calculations in
Appendix Y(d). (Article 10, Section 238 C.3.; Article 10, Section 238 C.3.e. & 10 CSR 80-
11.01009)(B)1.C.)

RESPONSE: The pipe crushing and buckling calculations and scenarios in Appendix
Y(a) and Y (d) of the August 2013 CPA depict typical worst case loadings and
substantiate the pipe strength is more than adequate. Those assessments reflect that the
leachate pipes can withstand wheel weights of 16,000. The scenarios evaluated are
typical of those completed and accepted for compliance with 10 CSR 80-11.010(9)(B)1.C
and the probability that the worst case loading would occur prior to the pipes having
additional cover and protection is remote. Ameren Missouri agrees that as part of the
prudent construction design and operation of the landfill, vehicles used in either the
construction or operation of the landfill must be evaluated to ensure that the weight of
such vehicle does not damage the underlying leachate piping system, as well as other
components. A variety of standard construction practices can be employed to further
protect existing underground piping or piping being installed during the ongoing
construction. The specific vehicles to be used in either the construction or operation of
the UWL must be evaluated and appropriate care will be taken to ensure the integrity of
the leachate system is maintained.

(30) Labadie Bottom Road Underpass

Provide the approved design and drawings of the proposed underpass for Labadie
Bottom Road and all approvals from the controlling authovities. (Article 10, Section 238
C.3 & 10 CSR 80-11.010(4)(C)1.)

RESPONSE: See attached correspondence from Franklin County.
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NPDES Permit No. MO-0004812

ATTACHMENT A
Description of Designated Qutfalls

Our existing permit contains two designated outfalls as
described below:

Non-Contact Cooling Water - Outfall for once-through
cooling water system. Water is withdrawn from the
river, passed through condensers and other heat
exchangers, and returned to the river. The outfall is
considered a non-process waste stream. A portion of
this discharge may be treated as described in
Attachment H, Macroinvertebrate Control.

Note that treated river water from the water treatment
plant is used to lubricate the circulating water and
screen wash pump bearings in the intake structure.

This lube water mixes with the normal pump flow and is
normally discharged via the circulating water system,
Outfall 001 or from the screen wash system. When both
circulating pumps in one intake bay are not operating,
this lube water could be slowly discharged from the bay
at the face of the intake structure. The total flow of
treated water to the intake structure for bearing
lubrication is about 100 gpm. Although treated water
pH is typically above 9 due to the lime treatment
process, it would not affect the outfall pH, due to the
insignificant flow (relative to the circulating water
system) .

Ash Pond - Outfall for plant wastewater treatment pond.
The pond provides treatment for fly ash, bottom ash and
low volume waste and treated sanitary waste streams.
The ash pond discharge is treated to control pH. The
outfall is considered a process waste stream.

The sanitary waste that is routed to the ash pond is
treated by aerobic digestion in a package plant prior
to being routed to the ash pond. This Sewage Treatment
Plant (STP) consists of clarifier and aeration basin
set in an inground concrete tank. The plant employs
the extended aeration activated sludge process.
Periodically to optimize treatment, sludge is wasted
from the unit to an installed holding tank. As
necessary, this holding tank is pumped by a licensed
waste hauler for disposal. The STP is operated in
accordance with plant procedures and adjustments are
made as necessary. Recent effluent monitoring shows

A -1
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NPDES Permit No. MO-0004812

that the discharge easily meets normal secondary
treatment limits. As it does not discharge directly,
but discharges to the ash pond, we request that no
monitoring requirements or limits be placed upon the
discharge from the STP.

The water in the ash pond is normally above a pH of 9.
As such, the discharge is treated with CO, to reduce
the pH. The CO, is injected into the gravity discharge
line which results in the formation of carbonic acid
that reacts with some of the alkalinity in the water.
The discharge usually cycles on and off approximately
five times per day to maintain ash pond level. The CO,
system automatically cycles on whenever the discharge
valves open. The feed rate is adjusted manually to
give an acceptable effluent pH. This system works well
and no changes are planned in the near future for the
discharge structure.

There are currently two seeps at the plant that are
believed to be originating from the ash pond. Although
dye studies have not confirmed their origin, the
location and chemical make up of the seeps indicate
that their source is the ash pond. As described below,
we do not believe these seeps constitute separate
discharges, but are only alternate routes for Outfall
002 within the authorization under our existing permit.

The first seep is located at the effluent end of the
ash pond gravity discharge structure. The seep
consists of a flow of approximately 2-5 gpm that comes
from the fill material around the ash pond discharge
pipe. This flows into the discharge canal which
carries the Outfall 002 effluent to the Missouri River.
We believe this discharge is authorized as a component
of Cutfall 002. This position is supported by seep’s
close proximity to the outfall, and its insignificant
contribution to the discharge flow.

The second seep flows into an area of several acres at
the southwest corner of the ash pond. The seep
emanates from coarse fill material and appears to have
a flow of up to 30 gpm. The area that this water flows
into is bounded on all sides by elevated road bed with
no outlets. Thus, the seep is not directly discharged
to waters of the state. We believe that there is no
need to regulate this seep since it is confined on
site.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

Groundwater Monitoring Well Network Summary

Table 1
o . - Ground Surface | Top of Riser Well Base of Well | Screen | Top of Screen
Monitoring | Northing | Easting 5 .. 3 .3 35 4

Well ID' | Location? | Location? Elevation Elevation Depth Elevation Length Elevation
(feet) (feet) (feet, btor’) | (feet, btor®) (feet) (feet)
MW-1 995572 727213 469.45 472.05 27.76 444.29 9.7 454.49
MW-2 995657 727664 469.30 471.86 26.35 445.51 9.7 455.71
MW-3 995740 728101 468.49 471.01 25.15 445.86 9.7 456.06
MW-4 995818 728546 468.34 470.96 25.54 445.42 9.7 456.62
MW-5 995546 728819 467.42 470.06 24.68 445.38 9.7 455.58
MW-6 995177 729227 467.09 469.68 23.10 446.58 9.7 456.78
MW-7 994621 729411 466.65 469.15 21.94 447.21 9.7 457 .41
MW-8 994383 729643 465.57 468.25 21.82 446.43 9.7 456.63
MW-9 994168 729893 465.14 467.81 20.18 447.63 9.7 457.83
MW-10 993950 730149 465.84 468.56 21.45 447 11 9.7 457.31
MW-11 993725 730398 466.11 468.55 20.95 447.60 9.7 457.80
MW-12 993470 730662 465.74 468.11 20.48 447.63 9.7 457.83
MW-13 993256 730913 465.61 468.10 20.40 447.70 9.7 457.90
MW-14 993052 731166 464.15 466.83 19.79 447.04 9.7 457.24
MW-15 992807 731406 465.03 467.30 17.91 449.39 9.7 459.59
MW-16 992618 731851 463,97 466.57 18.50 448.07 9.7 458.27
MW-17 992302 731675 465.29 467.89 19.72 448.17 9.7 458.37
MW-18 991678 730928 462.76 465.27 18.24 447.03 9.7 457.23
MW-19 992089 730178 463.51 466.16 18.19 447.97 9.7 458.17
MW-20 991669 729952 463.61 465.97 17.62 448.35 9.7 458.55
Mw-21 991334 729950 463.40 465.90 17.71 448.19 9.7 458.39
MW-22 990929 729355 464.20 466.80 17.92 448.88 9.7 459.08
MWwW-23 991099 728511 464.90 467.54 19.65 447.89 9.7 458.09
MW-24 991819 727992 464.59 467.10 19.99 44711 9.7 457.31
MW-25 992707 727529 465.95 468.61 20.84 447.77 9.7 457.97
MW-26 993976 726911 466.66 469.20 23.00 446.20 9.7 456.40
Mw-27 994664 726608 487.41 470.05 25.91 444.14 9.7 454.34
MW-28 995276 726640 468.60 471.18 27.06 44412 9.7 454.32
TMW-1* 993783 728657 466.91 469.34 21.58 447.76 9.7 457.96

NOTES:

. Refer to Figure 1 for monitoring well locations.

2. Monitoring well survey data provided by KdG, Inc. Ground Elevation at Monitoring Well is a Cut + on the Concrete Pad
Horizontal Datum: Missouri State Plane Coordinates - NAD 83 (Feet), Vertical Datum: NAVD 88 (Feet)

o

Groundwater Detection Monitoring Walls Installation Report prepared by Reitz & Jens, Inc., May 2013.

[

*

. btor = below top of riser.
. Actual screen length (9.7 feet) is the machine-slotted section of the 10-foot length of Schedule 40 PVC pipe.
- TMW-1 is a temporary ("seniry”) well located immediately east of initial cell construction area (Cell 1).

Prepared by: GREDELL Engineering Resources, Inc.

. Numerical values were obtained from the Ameren Missouri Labadie Energy Center Utility Waste Landfill, Solid Waste Disposal Area, Frankiin County, Missouri,

May 2013

































Background Groundwater Monitoring Report — 1% Event
Ameren Missouri Labadie Energy Center
May 2013

4.0 ANALYTICAL SUMMARY

Analytical data provided by Teklab for each weli sampled during the background sampling event
is provided in Appendix 2. These data are summarized on Table 3. Appendix 2 also contains
the analytical data for the sample duplicates, field blank, and trip blank. Laboratory quality
assurance/quality control documentation, including data for inorganic parameters, metals, and
organic (TOX) parameters are provided in Appendix 3.

The analytical data sheets note that Beryllium, Nickel, and Total Organic Halogens (Halides)
(TOX) were reported in micrograms per liter (ug/L). These units were converted to milligrams
per liter (mg/L) on the data summary presented on Table 3 to maintain consistency with the
reporting requirements of 10 CSR 80-11.010 - Appendix 1.

4.1 Precision and Accuracy

Precision is a measure of the reproducibility of analytical results, generally expressed as a
Relative Percent Difference. Laboratory quality control procedures to measure precision consist
of laboratory control sample (LCS) analysis and analysis of matrix spike/matrix spike duplicates
(MS/MSD). These analyses are used to define analytical variability. Accuracy is defined as the
degree of agreement between the measured amount of a species and the amount actually
known to be present, expressed as a percentage. It is generally determined by calculating the
percent recoveries for analyses of surrogate compounds, laboratory control samples, continuing
calibration check standards and matrix spike samples. Acceptable percent recoveries are
established for SW-846 and EPA methods. Field and laboratory blank analyses are also used
to address measurement bias.

The Analytical Report received from Teklab states that “All quality control criteria applicable to
the test methods employed for this project have been satisfactorily met and in accordance with
NELAP except where noted” (Appendix 3). Quality control comments noted within the analytical
report are described below:

e The matrix spike (MS) QC limits for Calcium and Magnesium in MW-2, MW-17 and
TMW-1 are not applicable due to the high sample/spike ratio. These results are
shown with an *S” flag.

e The MS QC limit for lron in MW-2 and TMW-1 is not applicable due to the high
sample/spike ratio. These results are shown with an “S” flag.

e Matrix interference for Antimony was present in the sample for MW-3 and was
confirmed by bench spike. This result is shown with an “S” flag.

« MS and/or matrix spike duplicate (MSD) for Sulfate in MW-5, MW-6, MW-11 and
MW-13 did not recover within control limits due to matrix interference. These resulis
are shown with an “S” flag.

































