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October 30, 2020

Mr. Andrew R. Wheeler, EPA Administrator
Environmental Protection Agency

1200 Pennsylvania Avenue, N.W.

Mail Code 5304-P

Washington, DC 20460

Subjeet: Cardinal Power Plant — Alternative Closure Demonstration

Dear Administrator Wheeler:

Cardinal Operating Company hereby submits this request to the U.S. Environmental Protection Agency
(EPA) for approval for a site-specific alternative deadline to initiate closure pursuant to 40 CFR §
257.103(H)(1) for the Bottom Ash Pond located at Cardinal Power Plant in Brilliant, Ohio.

Cardinal is requesting an extension pursuant to 40 CFR § 257.103(f)(1) to allow the impoundment to
continue receiving CCR and non-CCR waste streams after April 11, 2021, in order to segregate and retrofit
the pond into two separate reservoirs. One reservoir will be retrofitted with a State compliant NPDES liner,
designed to receive low volume wastes only. The second reservoir will be retrofitted with a CCR compliant
liner, designed to receive CCR wastes only.

Enclosed is a demonstration prepared by Sargent & Lundy that addresses all of the criteria in 40 CFR §
257.103(H)(1)(1)-(iii) and contains the compliance documentation required by 40 CFR § 257.103()(1)(iv).
As allowed by the agency, in lieu of hard copies of these documents, electronic files were submitted to
Kristen Hillyer, Frank Behan, and Richard Huggins via email.

If you have any questions regarding this submittal, please contact Nick Kasper at (614) 681-5160 or
nkasper@ohioec.org.

Sincerely,

7C— M Mo

Thomas M. Alban
Vice President

cc: Kristen Hillyer
Frank Behan
Richard Huggins
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LEGAL NOTICE

This workplan was prepared by Sargent & Lundy, L.L.C. (S&L) expressly for the sole use of Buckeye Power,
Inc. (Client) in accordance with the contract agreement between S&L and Client. This workplan was
prepared using the degree of skill and care ordinarily exercised by engineers practicing under similar
circumstances. Client acknowledges: (1) S&L prepared this workplan subject to the particular scope
limitations, budgetary and time constraints, and business objectives of Client; (2) information and data
provided by others, including Client, may not have been independently verified by S&L; and (3) the
information and data contained in this workplan are time-sensitive and changes in the data, applicable
codes, standards, and acceptable engineering practices may invalidate the findings of this workplan. Any use

or reliance upon this workplan by third parties shall be at their sole risk.
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EXECUTIVE SUMMARY

The Bottom Ash Pond (BAP) Complex at the Cardinal Power Plant in Brilliant, Ohio consists of two surface
impoundments, the Bottom Ash Pond and Recirculation Pond, which are managed as a single coal
combustion residual (CCR) unit. This unit does not meet the liner design criteria promulgated by 40 CFR Part
257 Subpart D (“the EPA CCR Rule”). Therefore, the Cardinal Power Plant must cease placing the CCR and
non-CCR waste streams currently sent to the BAP Complex as soon as technically feasible but no later than
April 11, 2021, unless an alternative deadline is granted by the EPA in accordance with 40 CFR 257.103.
After evaluating several on- and off-site alternative disposal solutions for the waste streams currently sent to
the BAP Complex — both permanent and temporary — the Cardinal Operating Company has concluded that
no alternative disposal capacity is available for certain waste streams currently being sent to the BAP
Complex, and that it was technically infeasible to obtain alternative disposal capacity for these waste streams
on- or off-site by April 11, 2021. Accordingly, pursuant to 40 CFR 257.103(f)(1)(iv)(A), the Cardinal Operating
Company has prepared the following workplan detailing its development of alternative disposal capacity to

replace the BAP Complex.

The Cardinal Power Plant currently sends the following CCR and non-CCR waste streams to the BAP
Complex: bottom ash transport water (CCR), metal cleaning waste water (non-CCR), plant services waste
water (non-CCR), cooling tower blowdown and basin overflow (non-CCR), sump and drain water (non-CCR),
coal pile run-off overflow (non-CCR), and Jet Bubbling Reactor waste water (non-CCR). After evaluating
several options for providing alternative disposal capacity to the BAP Complex for these waste streams, the
Cardinal Operating Company elected to install a multiple technology system: retrofitting the Recirculation
Pond to handle the CCR waste streams and repurposing the Bottom Ash Pond into a non-CCR waste water
basin. In addition to providing compliance with the EPA CCR Rule, this option separates the CCR and non-
CCR waste streams currently being commingled in the BAP Complex, which gives the station more flexibility
in complying with the EPA’s recently-revised effluent limitation guidelines for steam electric power generating
stations (“ELG Rule”). As such, this alternative disposal capacity provides a holistic solution for complying
with both the EPA CCR and ELG Rules.

The Cardinal Operating Company will begin the development of this multiple technology solution by stopping
all flows to the Recirculation Pond, then excavating the CCR currently stored therein, and finally retrofitting it
with an EPA CCR Rule-compliant composite liner system. After the composite liner system has been

installed and the retrofit work has been certified, the retrofitted pond will begin receiving CCR waste streams.

The retrofitted pond is expected to be operational by November 30, 2021.

Once the Recirculation Pond has been retrofitted, the Cardinal Operating Company will begin repurposing
the Bottom Ash Pond into a non-CCR waste basin. This work will be completed in two phases in order to

continue sending non-CCR waste streams to the pond so that the plant can remain in compliance with its
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NPDES permit during construction. In the first phase, the southern portion of the pond will be clean-closed
and re-lined with a geomembrane liner. Once this first phase is complete, the non-CCR waste streams will
be directed to the repurposed portion of the pond. This alternative disposal capacity for the BAP Complex’s

non-CCR waste streams is expected to be available by June 9, 2022.

Based on the scheduled completion dates for the retrofitted CCR pond and repurposed non-CCR waste
basin, the Cardinal Operating Company is requesting the EPA allow the BAP Complex to continue receiving
the noted CCR waste streams until November 30, 2021, and the noted non-CCR waste streams until June 9,
2022. Further details on the BAP Complex, the waste streams managed therein, and the Cardinal Operating
Company’s development of alternative disposal capacity for these waste streams are provided throughout

this workplan.
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1.0 DEVELOPMENT OF ALTERNATIVE CAPACITY

This section presents the option selected by the Cardinal Operating Company to provide alternative disposal
capacity to the Cardinal Power Plant’s Bottom Ash Pond Complex for the coal combustion residual (CCR)
and non-CCR waste streams managed therein. In addition, this section provides background information on
the Cardinal Power Plant, the Bottom Ash Pond Complex and the waste streams managed within them, the
adverse impact to plant operations if the Bottom Ash Pond Complex was shutdown, the process the Cardinal
Operating Company undertook to select the alternative disposal capacity currently being developed, and a
narrative of the alternative disposal capacity design. Finally, an explanation and justification for the time
being requested to operate the Bottom Ash Pond Complex beyond April 11, 2021 are also provided in this

section.

1.1 BACKGROUND INFORMATION

1.1.1 CARDINAL POWER PLANT

The Cardinal Operating Company operates the Cardinal Power Plant (“Cardinal”), which is a coal-fired steam
electric power generating station located in Brilliant, Ohio, adjacent to the Ohio River. The station’s address
is 306 County Road 7E, Brilliant, Ohio 43913. The plant consists of three operating units — Units 1, 2, and 3 —
and has a combined nameplate capacity of approximately 1,800 MW. Unit 1 is owned by AEP Generation
Resources Inc., the competitive generation subsidiary of American Electric Power. Units 2 and 3 are owned
by Buckeye Power, Inc., a generation and transmission cooperative that operates the Cardinal Operating
Company. The plant operates as a base-load generation asset to meet the day-to-day electricity demands of
the 25 electric cooperatives that own and govern Buckeye Power, Inc. as well as the local communities

serviced by AEP Generation Resources Inc.

1.1.2 BOTTOM ASH POND COMPLEX

1.1.2.1 POND COMPLEX CHARACTERISTICS

Cardinal’s Bottom Ash Pond (BAP) Complex consists of two surface impoundments, the BAP and the
Recirculation Pond, which are managed as a single CCR unit. These ponds are adjacent to each other — the
larger BAP is located north of the smaller Recirculation Pond — and are located south of Unit 3’s power block

and flue gas desulfurization (FGD) island. Both ponds are west of and adjacent to the Ohio River.

11
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1.1.2.2 POND COMPLEX INFLOWS & OPERATIONS

The primary purpose of the BAP Complex is to store bottom ash produced by Cardinal during power-
generating operations. The bottom ash handling system at each of the station’s three units sluices bottom
ash transport water (BATW) via several pipes to the northwest corner of the BAP. Based on the Fact Sheet
submitted with the Cardinal Operating Company’s 2018 National Pollutant Discharge Elimination System
(NPDES) permit application for the Cardinal station (Ref. 3), the plant sluices approximately 4.1 million
gallons of BATW to the BAP Complex per day.

When bottom ash enters the BAP, the coarser ash particles tend to settle out of the transport water near the
discharge point into the pond, while the finer ash particles tend to settle out further from the discharge point
near the southern end of the pond. Waste water in the BAP ultimately flows into the Recirculation Pond
through an overflow discharge structure located at the southeast side of the BAP. During normal plant
operations, water in the Recirculation Pond is ultimately stored and recycled by the Recirculation
Pumphouse and sent back to the station for use in the plant’s fly ash-handling systems (i.e., source water for
sluicing fly ash to Fly Ash Reservoir (FAR) Il). In extreme events (e.g., large rainfall), excess water may be
discharged to the adjacent Ohio River through Outfall 023, which is a drop outlet structure with a 36-inch-
diameter pipe. This discharge is regulated by the station’s active NPDES permit. A partition wall currently
separates the portion of the Recirculating Pond that feeds into the Recirculating Pumphouse and the portion
that discharges through Outfall 023.

In addition to BATW, the plant also conveys the following low-volume waste (LVW) streams to the BAP
Complex: metal cleaning waste water, Unit 1 and 2 service water, Unit 3 cooling tower blowdown and basin
overflow water, overflow water from the coal pile run-off pond, and storm water drainage from Unit 3. Per the
aforementioned NPDES permit application, these streams have a collective average inflow into the BAP

Complex of approximately 8.0 million gallons per day (MGD).

Table 1 summarizes the CCR and non-CCR waste streams sent to the BAP Complex. Per the
aforementioned NPDES permit application, the maximum flows listed in the table are based on the 10-year,

24-hour storm event for the site.
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Table 1 - Inflows into Cardinal Bottom Ash Pond Complex

Average Flow, MGD

WWESCRS{E ! Description (Max. Flow, MGD)
CCR Waste Streams 4.14
Unit 1 & 2 Bottom Ash Transport Water E;ﬂ?gevgi:g;qc?gafmﬂ% baor:}jogw baosilr:ars 2.30
Unit 3 Bottom Ash Transport Water S;ﬂ?(jevgaftri:nc?ﬁéabnriﬂ%bt?c:;[l(c)aT ash 1.84
Non-CCR Waste Streams (177'?585)

Waste water from the tank used to
Metal Cleaning Waste Water store waste water from cleaning the 0.0014
Unit 1, 2, and 3 boilers

Waste water from the process water
Unit 1 & 2 Plant Services Waste Water used to operate equipment in Units 1 4.32
and 2 (e.g., heat exchangers)

Waste water used to remove
Unit 3 Cooling Tower Blowdown minerals collected in the Unit 3 1.58
cooling tower basin

Unit 3 Cooling Tower Basin Overflow O"e.”'ow water frqm the Unit 3 1.83
cooling tower basin

Storm water collected by sumps and 0.02

Unit 3 Sump and Drain Water drains in the Unit 3 power block (1.60)

Waste water collected by the
station’s Coal Pile Run-Off Pond.
Includes storm water from:

e Coalpile,

e Coal truck unloading area,

Coal Pile Run-Off Pond Overflow e Unit1, 2, and 3 FGD areas (24212)
(including gypsum pile, ’
limestone pile, and marine
area run-off), and

e Unit 1 and 2 power block
sumps and drains.
Waste water from the JBR in the Unit
1, 2, and 3 FGD system and
associated storage tanks. Includes
Jet Bubbling Reactor (JBR) Waste Water WaSt? wa\’jgrérggéess water, (?gg)

¢ Reagent feed tank,
e FGD reclaim water, and
e Byproduct storage tank.

Source: Cardinal 2018 NPDES Permit Application Fact Sheet (Ref. 3)
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1.1.2.3 APPLICABLE REGULATIONS

1.1.2.3.1 FEDERAL CCR RULE

The BAP Complex has been regulated by the EPA CCR Rule (40 CFR Part 257 Subpart D, Ref. 1) since the
rule went into effect in October 2015. Per the 2016 Water Infrastructure Improvements for the Nation (WIIN)
Act, both the BAP and the Recirculation Pond will continue to be subject to the requirements prescribed in
the EPA CCR Rule until the EPA approves a CCR permit program developed and submitted by the Ohio
EPA. Because the Ohio EPA has yet to submit a proposed CCR permit program to the EPA, Ohio is
currently considered a Nonparticipating State per 40 CFR 257.53. Consequently, this workplan and the
alternative closure deadline requested herein for the BAP and the Recirculation Pond are subject to the

approval of the EPA.

1.1.2.3.2 FEDERAL ELG RULE

In addition to the preceding EPA CCR Rule, the operation of the BAP Complex — specifically discharges
through NPDES-permitted Outfall 023 — is also subject to compliance with the EPA’s effluent limitation
guidelines for steam electric power plants (“‘ELG Rule”). The 2020 update to the ELG Rule (Ref. 8) sets new
limits for discharging BATW and other waste streams generated by steam electric power plants to waters of
the U.S. Pursuant to the new 40 CFR 423.13(k)(1)(i) and (k)(2)(i)(A), the ELG Rule establishes a zero-liquid
discharge (ZLD) standard for Cardinal’s BATW — including any LVW streams that come into contact with
BATW — unless the BATW is used in an FGD scrubber or under the following conditions:
e To maintain the bottom ash system’s water balance during:
o Significant precipitation events (10-year, 24-hour storm event or longer), and
o Situations where excessive quantities of other waste streams regularly handled by the
bottom ash system compromise the system’s ability to handle recycled BATW;
¢ To maintain the bottom ash system’s water chemistry, and

e To conduct maintenance when water volumes cannot be managed by redundancies, tanks, etc.

In any of the preceding situations, the plant would not be permitted to purge more than 10% of the bottom
ash system’s maximum volumetric capacity for BATW (calculated on a 30-day rolling average and excluding

redundancies, maintenance systems, etc.).

Cardinal will be subject to the ZLD standard for BATW promulgated by the updated ELG Rule upon
incorporation into the facility’s NPDES permit by a date determined by the Ohio EPA. Pursuant to the
station’s NPDES permit, the Ohio EPA has approved a compliance end date of December 31, 2023. This
complies with the new 40 CFR 423.13(k)(1)(i), which requires this NPDES permit modification to occur no
later than December 31, 2025.
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1.1.2.4 FUTURE HANDLING OF CCR & NON-CCR WASTE STREAMS

The BAP Complex does not meet the liner design criteria promulgated by 40 CFR 257.71(a) and is therefore
considered to be an unlined CCR surface impoundment. Thus, per 40 CFR 257.101(a)(1) and (a)(3),
Cardinal must cease placing the CCR and non-CCR waste streams listed in Table 1 into the BAP Complex
as soon as technically feasible and no later than April 11, 2021, unless an alternative deadline is granted by
the EPA.

As detailed herein, the Cardinal Operating Company is requesting that the EPA allow Cardinal to continue
sending certain CCR and non-CCR waste streams to the BAP Complex after April 11, 2021 while it develops
alternative capacity to replace the BAP Complex because:
¢ No existing alternative disposal capacity is available on- or off-site for these waste streams,
e |t was technically infeasible to develop the alternative capacity selected by April 11, 2021 for these
waste streams, and
o FAR I, which the station uses to dispose of its fly ash transport water (FATW), will not cease
operating until June 2021, and the BAP Complex provides the source water for the station’s fly ash

sluicing systems.

1.1.3 ADVERSE IMPACT TO PLANT OPERATIONS WITHOUT THE BAP COMPLEX

In order to generate power at Cardinal, it is necessary to dispose of the bottom ash produced from the
combustion of pulverized coal in the station’s boilers. Without a suitable replacement for the BAP Complex,
the Cardinal plant would be forced to stop power-generating operations. Given that the plant is a base-load
generation asset for 25 electric cooperatives (see Section 1.1.1), a forced shutdown would leave the electric

grid susceptible to unplanned and prolonged outages.

1.2 GENERAL STRATEGY FOR COMPLIANCE WITH EPA REGULATIONS

The Cardinal Operating Company has evaluated several different handling and/or disposal alternatives for
Cardinal’'s CCR and non-CCR waste streams since 2016, shortly after the EPA’'s new CCR Rule and the
2015 amendment to its ELG Rule both became effective. Given the ZLD standards established for both
FATW and BATW in the 2015 ELG Rule (Ref. 9), waste streams which included (and still include) non-CCR
waste streams that are commingled with FATW and BATW, Cardinal evaluated alternatives that either
eliminated these waste streams or allowed for them to be recirculated back into plant systems. In this
evaluation of ELG Rule compliance options, Cardinal also sought solutions that would be compliant with the
new EPA CCR Rule. In essence, the Cardinal Operating Company has been seeking holistic solutions in
regard to complying with both the EPA CCR and ELG Rules for alternative handling and/or disposal of

Cardinal’s CCR and non-CCR waste streams.
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1.3 ALTERNATIVE DISPOSAL SOLUTIONS CONSIDERED

Prior to the August 2018 Utility Solid Waste Activities Group (USWAG) decision by the U.S. Court of Appeals
for the D.C. Circuit (Ref. 2), in which the Court ordered the provisions in the EPA CCR Rule allowing unlined
ash ponds to continue operating be vacated and remanded, the Cardinal Operating Company started
evaluating available alternatives for replacing the existing BAP Complex. In accordance with the Cardinal
Operating Company’s desire for a holistic solution, this evaluation assessed not only permanent disposal
solutions for Cardinal’'s BATW but also the LVW streams managed by the pond complex. This assessment is

summarized in Section 1.3.3.

Pursuant to the recently-revised alternative closure requirements for CCR surface impoundments in the EPA
CCR Rule, the Cardinal Operation Company also evaluated whether existing capacity is available on- or off-
site for each waste stream currently sent to the BAP Complex. For those streams where existing capacity is
not available, the Cardinal Operating Company evaluated whether it was technically feasible to obtain
alternative disposal capacity — either temporary or permanent — by April 11, 2021. The following subsections
discuss the alternative disposal solutions considered for each waste stream managed in the BAP Complex

and how these waste streams were ultimately dispositioned.

1.3.1 EXISTING ON-SITE DISPOSAL SOLUTIONS

1.3.1.1 BOTTOM ASH TRANSPORT WATER

Because BATW is a CCR waste stream, it must be disposed of in an active CCR unit. As documented on the
Cardinal Operating Company’s public CCR website (Ref. 4), Cardinal has three CCR units on-site: the BAP
Complex, FAR II, and FAR | Landfill. FAR Il is a CCR surface impoundment used by the station to store and
treat its FATW, as well as leachate and contact storm water run-off from FAR | Landfill. However, like the
BAP Complex, FAR Il is not compliant with the liner design criteria promulgated by the EPA CCR Rule and is
therefore subject to the closure-for-cause requirements promulgated by 40 CFR 257.101. Thus, FAR Il would
not be an acceptable alternative disposal facility for Cardinal’'s bottom ash even if the necessary mechanical
equipment and piping were installed to divert BATW from the BAP Complex to FAR II.

Located adjacent to FAR I, the station’s FAR | Landfill is an EPA CCR Rule-compliant disposal facility that is
primarily used by the station to dispose of the gypsum byproduct from its FGD systems. This landfill has also
been used to dispose of bottom ash that has been dredged from the BAP Complex and subsequently
dewatered. While the landfill may receive bottom ash and has sufficient capacity to accommodate Cardinal’'s
daily generation of bottom ash, the Ohio EPA prohibits industrial solid waste landfills like FAR | Landfill from
receiving bulk or noncontainerized liquids wastes like Cardinal’s BATW (Ref. 11). Thus, the station cannot
utilize its landfill for directly disposing of its bottom ash while it has a wet bottom ash-handling system.

Cardinal would need a bottom ash dewatering system or an entirely dry bottom ash-handling system to
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directly send its bottom ash to FAR | Landfill. Because Cardinal does not currently have either of these

systems, the station does not presently have the means to directly dispose of its bottom ash in FAR | Landfill.

In summary, there is no alternative on-site disposal capacity to the BAP Complex available for Cardinal’s
wet-generated bottom ash because:
e The station’s only other wet CCR disposal facility, FAR II, is not compliant with the EPA CCR Rule’s
liner design criteria and, like the BAP Complex, is subject to closure for cause, and
¢ Neither a dry bottom ash-handling system nor a bottom ash dewatering system are present at the
station to allow for Cardinal to utilize its on-site CCR landfill, FAR | Landfill.

1.3.1.2 NON-CCR WASTE STREAMS

1.3.1.2.1 METAL CLEANING WASTE WATER

When Cardinal cleans a boiler during a scheduled unit outage, the resulting waste water is stored in the
station’s Metal Cleaning Waste Tank. When this tank is full, its contents are drained to the BAP Complex.
Given the intermittent and infrequent nature of this flow, the Cardinal Operating Company has not scheduled
another boiler clean until after alternative disposal capacity for the BAP Complex becomes available. Thus,

metal cleaning waste water will no longer be sent to the BAP Complex.

1.3.1.2.2 OTHER NON-CCR WASTE STREAMS

Unlike the metal cleaning waste water, the remaining non-CCR waste streams sent to the BAP Complex are
continuous flows and/or must be sent to the pond during significant storm events. The three continuous non-
CCR waste streams sent to the BAP Complex — Unit 1 and 2 plant services waste water, Unit 3 cooling tower
blowdown, and Unit 3 cooling tower basin overflow — are also significant flows that exceed or are similar to
the flow rates for the Unit 1, 2, and 3 BATW. Cardinal primarily relies on the size of the BAP Complex to
provide adequate time for sedimentation of the total suspended solids (TSS) present in these waste streams.
This is necessary for the station to recirculate the water back into station operations or, if the station cannot
handle the excess water from a significant storm event, to discharge it to the Ohio River via Outfall 023 in

accordance with its NPDES permit.

The only other pond at the Cardinal site that is large enough to accept the plant services and cooling tower
waste streams currently going into the BAP Complex (7.7 MGD total) is FAR Il. However, as previously
discussed, this pond is not an acceptable disposal alternative to the BAP Complex since it is also subject to
the EPA CCR Rule’s closure-for-cause requirements. Therefore, there is no alternative disposal capacity

currently available at the Cardinal site for these three waste streams.

Although the Unit 3 sumps and drains, coal pile run-off pond, and JBR waste water flows are intermittently

sent to the BAP Complex, it is necessary for these flows to be sent to the BAP Complex during significant
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storm events. Because the station has a limited means of recirculating the excess water introduced to its
overall water balance during a significant rain event, it must discharge the surplus or risk overtopping /
flooding. In particular, the coal pile run-off ponds receive storm water collected in several different areas of
the plant in addition to storm water run-off from the coal pile. These relatively small ponds (each less than
one acre) would be at risk of overtopping during a significant storm event if the excess water was not
otherwise removed. Finally, like all the other flows discussed thus far, FAR Il is not an acceptable alternative
for these three waste streams. Thus, there is no alternative capacity currently available at the Cardinal site
for the excess storm water collected in the Unit 3 sumps and drains, the coal pile run-off ponds, and the JBR

area.

1.3.2 EXISTING OFF-SITE DISPOSAL SOLUTIONS

Although the EPA itself has acknowledged that it is not feasible to transport wet-generated CCR to an off-site
disposal facility (Ref. 5), the Cardinal Operating Company performed its due diligence and evaluated the
feasibility of temporarily transporting the average daily volume of BATW, Unit 1 and 2 plant services waste
water, Unit 3 cooling tower blowdown, Unit 3 cooling tower basin overflow, Unit 3 sump and drain water, and
coal pile run-off pond overflow to an off-site disposal facility until a permanent disposal facility could be
installed on-site. Given that the JBR waste water flow is typically only present during significant storm events,
these flows were not included in this evaluation. As previously mentioned, landfills are generally not
permitted to receive bulk or noncontainerized liquids, so only waste water treatment plants (WWTPs) could

be considered as potential disposal facilities for the waste water flows considered in this evaluation.

Although not covered in this workplan, the Cardinal Operating Company is also requesting an alternate
deadline for ceasing flows to FAR Il. Consequently, the CCR and non-CCR waste streams sent to this pond
will also need to be transported to an off-site treatment facility. As demonstrated in the corresponding
workplan for FAR Il, Cardinal does not currently have alternative means of disposing the flows presented in
Table 2. As shown in the table, an average flow of approximately 9.8 MGD of CCR and non-CCR waste
water would need to be sent to a temporary facility off-site in addition to the noted BAP Complex waste

streams.

To be a viable option, a WWTP would need to receive the average daily volume of the preceding CCR and
non-CCR waste streams from the BAP Complex and FAR I, in addition to the waste water volume the
WWTP currently treats. Therefore, per Table 1 and Table 2, the WWTP (or combination of WWTPs) would

need to be capable of receiving an average flow of 21.9 MGD.
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Table 2 - Inflows into Cardinal Fly Ash Reservoir Il Requiring Alternative Disposal

WESCRS{E ! Description Average Flow, MGD
CCR Waste Streams 8.93
Unit 1 & 2 Fly Ash Transport Water Sluice water containing fly ash 5.76

particles from the Unit 1 and 2 ESPs

Sluice water containing fly ash

Unit 3 Fly Ash Transport Water particles from the Unit 3 ESP 3.17

Non-CCR Waste Streams 0.88
, Leachate collected and removed

FAR | Landfill Leachate from FAR | Landfil 0.09

FAR I Landfill Contact Storm Water E::ézﬁt storm water from FAR | 0.79

Source: Cardinal 2018 NPDES Permit Application Fact Sheet (Ref. 3)

Inquiries were placed with 11 WWTPs within 50 miles of the station to determine if any plants in the region
were capable of handling the total or a significant portion of the 21.9 MGD of ash transport and non-CCR
waste water from Cardinal. Of the four WWTPs that responded, two plants had a combined capacity of less
than 10 MGD, and one indicated that the facility could not accept external waste water streams. A
representative from the fourth WWTP stated that the plant had the rated capacity to accommodate the

average volume of waste water produced at Cardinal but expressed concerns regarding the water chemistry.

Even if this specific WWTP’s water chemistry concerns were alleviated, or if additional WWTPs responded
stating that they had sufficient capacity, the Cardinal Operating Company would need to identify a means of
transporting the waste water to one or more WWTPs. Given the station’s existing ash-handling infrastructure,
trucks with tank trailers would likely be the only transportation method that could be established for the
station’s ash transport and non-CCR waste streams prior to the April 11, 2021 deadline for ceasing all flows
into Cardinal’s ash ponds.

Based on an average continuous flow rate of 8,400 gpm, this scenario would require new tanks be installed
at some interception point upstream of the BAP Complex to temporarily store the BATW and non-CCR waste
streams currently going into the BAP Complex prior to being pumped into tank trucks. A similar system would
be established near FAR | Landfill to collect its leachate and contact storm water run-off. Meanwhile, fly ash
slurry temporarily stored in the tanks downstream of the station’s Hydroveyors® would be directly pumped
into the trucks’ tank trailers. It should be noted that this scenario would require Cardinal to identify and obtain
an alternate source of water for the fly ash-handling system in lieu of the water currently recycled from the
BAP Complex.
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Ohio state law limits the overall gross vehicle weight to 80,000 pounds (Ref. 6). Considering the weight of the
CCR solids in the waste water being transferred to a WWTP and assuming an empty tank trailer weight of
12,000 pounds, a 7,000-gallon tank trailer would be the maximum tank trailer that would be permitted to
transport waste water to an off-site WWTP. Therefore, over 3,100 daily trips would be required to transport
21.9 MGD of ash transport and non-CCR waste water to a WWTP. Even if Cardinal implemented an
alternate means of handling its non-CCR waste water, it would require more than 1,800 daily trips to
transport the 13.1 MGD of BATW and FATW generated by the station.

Even if the station could support the number of tank trucks to keep up with its daily production rate of
transport and non-CCR waste water, there would be significant logistics concerns in coordinating that many
trips to and from the station’s property. The only way trucks can access the Cardinal site is via Ohio State
Route 7 (SR-7). Based on traffic data compiled by the Ohio Department of Transportation (Ref. 7), the
average annual daily traffic (AADT) in 2019 for commercial trucks along SR-7 near Cardinal was 1,770
trucks. Therefore, the 3,100 trips required to transport Cardinal’s daily volume of ash transport and non-CCR
waste water to an off-site WWTP would almost triple the daily volume of truck traffic currently on SR-7. This
would impose significant congestion issues on this four-lane road along the Ohio River, an increased
potential for traffic accidents, and an increase in air pollution emissions. Thus, in addition to being harmful to
human health and the environment, it is impractical to route 3,100-trips worth of trucks per day to an off-site

WWTP for several months until alternative ash disposal facilities are installed on-site.

Based on the lack of regional WWTPs available to process or even handle Cardinal’s daily volume of ash
transport and non-CCR waste water, and based on the impracticality and risks of coordinating the number of
truck trips required to handle this volume of waste water, the Cardinal Operating Company has reached the
same conclusion as the EPA (Ref. 5) regarding the off-site transportation of wet-generated ash: it is not

feasible.

1.3.3 NEW ON-SITE DISPOSAL SOLUTIONS

Based on the preceding evaluations, no alternative disposal capacity currently exists on- or off-site for
Cardinal’s BATW, Unit 1 and 2 plant services waste water, Unit 3 cooling tower blowdown, Unit 3 cooling
tower basin overflow, Unit 3 sump and drain water, coal pile run-off pond overflow, and JBR waste water.
Consequently, the Cardinal Operating Company has been actively developing alternative disposal capacity
for these waste streams. This subsection presents the process the Cardinal Operating Company underwent

to ultimately select the alternative disposal capacity to replace the existing BAP Complex.

1.3.3.1 EVALUATION OF ASH DISPOSAL METHODS

In the third quarter of 2018, Cardinal Operating Company started performing a detailed evaluation of different

methods for disposing of Cardinal’s fly ash in lieu of sluicing it to FAR Il. A similar assessment was also
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performed for the station’s bottom ash-handling system, which included an evaluation of the following
options:

¢ Install geotextile filter tubes at FAR | Landfill,

e Construct a new surface impoundment on undeveloped land,

e Construct a concrete settling tank at FAR | Landfill, and

e Retrofit the BAP Complex.

1.3.3.1.1 GEOTEXTILE FILTER TUBES

Geotextile filter tubes are containers with oval-shaped cross sections that are composed of engineered fabric
that can filter out fine particles within water. Thus, BATW lines could be routed directly to a series of these
tubes to filter bottom ash particles out of the transport water. As the bottom ash particles are consolidated
within each tube, filtered sluice water would percolate out of each tube onto an impermeable pad with
appropriate run-off control measures. Once a tube is full of bottom ash particles, BATW would be redirected
to another tube while the full tube continues to dewater. After the filtered ash has been sufficiently

dewatered, the full tube would be cut open and loaded onto trucks for final disposal in FAR | Landfill.

For Cardinal, a series of geotextile filter tubes could be installed within the existing FAR | Landfill area. The
tubes could be installed in a series of self-contained bays that would facilitate sequential operation of the
tubes: one bay would feature a tube actively receiving BATW, a second bay would feature a tube being
dewatered, and a third bay would feature a tube being reclaimed for landfilling. Collected filtrate from
dewatering could be gravity-drained to a collection sump that would ultimately convey water to a new
recirculation water storage tank. To comply with the revised ELG Rule, a new recirculation water system
would be installed to pump water back to all three units for re-use in the existing bottom ash-handling

system.

While geotextile filter tubes have been used as a method for dewatering bottom ash ponds, there would be
challenges in operating and dewatering these tubes during below-freezing weather conditions and excessive
rain events. Ultimately, these operational challenges convinced the Cardinal Operating Company that
geotextile filter tubes are a technically infeasible replacement for the BAP Complex, and this option was

removed from consideration as an alternative disposal option.

1.3.3.1.2 NEW SURFACE IMPOUNDMENT

The Cardinal Operating Company also considered replacing the BAP Complex with a new surface
impoundment. Two potential locations on the station’s property were identified as suitable for a new ash
pond provided new dams were constructed to obtain the necessary long-term storage capacity. Pursuant to
the EPA CCR Rule, the new ash pond would be lined with a composite liner system consisting of a

geomembrane underlain by a compacted clay liner with a permeability no greater than 1x107 cm/sec. A
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groundwater monitoring program for the new ash pond would be implemented, including the installation of
upstream and downstream monitoring wells, to sample and test groundwater in accordance with the EPA
CCR Rule. Like the geotextile filter tube option, a recirculation system for BATW would be installed for this

option.

Although ash ponds are a proven technology for ash disposal, constructing a new surface impoundment
would require a significantly longer design, permitting, and construction effort than the other options
considered. Except for the plant proper, Cardinal’s property is predominately hilly terrain. So while the two
locations identified as potential sites for a new ash pond are currently undeveloped, it would require
extensive design and construction efforts to pump BATW and route the corresponding piping to these
locations, to install an EPA CCR Rule-composite liner system, and to construct the earth dams required to
form a reservoir. This option would also require sufficient time to adequately establish the background
groundwater conditions in accordance with the EPA CCR Rule’s groundwater monitoring requirements.
Finally, a significant amount of return piping would need to be installed to comply with the revised EPA ELG
Rule. Overall, it was estimated that this option would take just over 3 years to develop from engineering and

design through construction and commissioning.

Given the prolonged schedule required to design, permit, and construct a new surface impoundment relative
to the other options evaluated, this option was removed from consideration as an alternative disposal option

to replace the BAP Complex.

1.3.3.1.3 CONCRETE SETTLING TANK

In lieu of a traditional ash pond, bottom ash could be settled out of transport water by using self-supporting,
cast-in-place reinforced concrete tanks. This option would feature a series of primary tanks where most of
the ash particles would settle. Water from the primary tanks would overflow into a surge tank for settling of
the finer ash particles. Like the previous two options, BATW in the surge tank would ultimately be
recirculated back to the station to comply with the revised ELG Rule. Cardinal would sluice BATW to one
primary tank at a time, switching to an empty tank as a given tank reaches capacity. Equipment would then
be used to manually segregate and manipulate the ash in the full tank to promote dewatering. After this initial
dewatering, ash would be recovered and transferred to an adjacent concrete pad to completely dewater. Like
the pad proposed for the geotextile filter tube option, this dewatering pad would feature appropriate run-off
control measures; it would also be sloped such that water drains back to the primary tank. Once the ash is
sufficiently dry, it would be loaded onto trucks and disposed of in FAR | Landfill.

While concrete settling tanks have been used to handle bottom ash, this technology, like geotextile filter
tubes, poses operational risks in inclement weather. The operation of these tanks and subsequent
dewatering of ash collected therein would not be technically feasible during below-freezing weather
conditions and excessive rain events. Thus, the Cardinal Operating Company also remove this option from

consideration as a replacement for the BAP Complex.
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1.3.3.1.4 RETROFITTED BOTTOM ASH POND COMPLEX

Given the existing BAP Complex’s compliance with all other parts of the EPA CCR Rule, both the BAP and
Recirculation Pond are suitable for future bottom ash disposal provided that they are retrofitted with EPA
CCR Rule-compliant liner systems. In this scenario, both ponds would be dewatered and then lined with a
composite liner system consisting of a geomembrane underlain by a compacted clay liner with a permeability

no greater than 1x10”7 cm/sec.

While this retrofit would obtain compliance with the EPA CCR Rule, the Cardinal Operating Company
ultimately sought a holistic alternative disposal solution for all waste streams currently managed in the BAP
Complex that achieved compliance with both the CCR and ELG Rules (see Section 1.2). Thus, the Cardinal
Operating Company expanded the study of this option to evaluate different alternatives for retrofitting both
ponds that evaluated factors including, but not limited to, impoundment size, handling of CCR and non-CCR

waste streams, and modifications to existing station infrastructure (e.g., BATW and LVW discharge pipes).

In order to comply with the recently-revised ELG Rule, BATW recovered from the reconfigured BAP Complex
would need to be recirculated in station operations or diverted to the station’s FGD systems prior to being
discharged to the Ohio River. Target water quality standards were established for the recirculation water to
determine the maximum TSS concentration levels that could be recirculated with minimal impact to the
existing pumps and piping in the Recirculation Pumphouse, which would preclude the need for new
equipment and thus allow the ponds to be retrofitted quicker. In early 2019, bottom ash samples were
collected from various locations within the BAP Complex and subsequently tested. Based on the size
distribution and average density of these bottom ash samples, it was determined that the Recirculation
Pond’s existing footprint was suitable to function as the station’s primary and only bottom ash settling pond.
After receiving these test results, the Cardinal Operating Company began evaluating whether to segregate
the CCR and non-CCR waste streams, developing conceptual design drawings and process flow diagrams,
updating the station’s water balance to reflect the operational changes, and estimating the capital costs to

fund the project.

Given that the existing Recirculation Pond footprint could promote enough sedimentation of the station’s
bottom ash particles to support recirculation, Cardinal Operating Company evaluated whether to combine
both CCR and non-CCR waste streams in the retrofitted ash ponds or to segregate these waste streams.
The former would allow the ponds to be retrofitted with minimal impacts to the existing infrastructure and thus
would likely be the faster path to overall compliance with the EPA CCR and ELG Rules. However, this option
would also prohibit the station from discharging any of its LVW streams since they would be considered
BATW pursuant to the ELG Rule. Conversely, segregating these streams would provide the station with the
means of discharging its LVW streams as needed but would require additional time to design and construct

the infrastructure necessary to segregate the non-CCR waste streams from the CCR waste streams.
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Regardless, the Cardinal Operating Company considered both alternatives to be technically feasible options

for replacing the BAP Complex.

1.3.3.2 OPTION SELECTED

Ultimately, the Cardinal Operating Company elected to comply with the EPA CCR and ELG Rules by
reconfiguring the BAP Complex to separate CCR and non-CCR waste streams. Since the existing
Recirculation Pond was determined to have sufficient size to settle out enough bottom ash particles to obtain
the target recirculation water quality, this pond will handle only CCR waste streams (BATW) while the
existing BAP will handle only non-CCR waste streams (LVW streams). The Recirculation Pond will therefore
replace the existing BAP as Cardinal’s primary bottom ash disposal facility. Consequently, the BAP
Complex’s Recirculation Pond will be retrofitted with an EPA CCR Rule-compliant liner system. Meanwhile,
the BAP area within the Bottom Ash Pond Complex will be clean closed and then repurposed for use as an

LVW storage pond.

In essence, the Cardinal Operating Company has opted to replace the BAP Complex with a multiple
technology system that consists of a retrofitted Recirculation Pond and a repurposed BAP that functions as a

non-CCR waste water basin.

1.3.3.3 JUSTIFICATION OF OPTION SELECTED

Of the new, permanent on-site disposal alternatives considered to replace the BAP Complex, the multiple
technology system selected — retrofit the Recirculation Pond and construct a non-CCR waste water basin in
the BAP footprint — is the alternative disposal capacity option that could be implemented the fastest and is
technically feasible. As discussed in their respective summaries, geotextile filter tubes and concrete settling
tanks would have operational risks during inclement weather, especially during the winter. And while a new
ash pond could be constructed on undeveloped land on Cardinal’s property, the hilly terrain and distance
from the plant would require significant design, permitting, and construction schedules to implement the
BATW piping to and from the impoundment, install the composite liner system, and to construct the dams
necessary to form a reservoir. Conversely, the multiple technology system selected is taking advantage of
the station’s existing infrastructure (e.g., transport piping and Recirculation Pumphouse), which reduces
design and construction time. Moreover, the construction will be staged to provide alternative disposal
capacity for all waste streams currently managed by the BAP Complex as soon as technically feasible. This

is discussed in greater detail in Section 3.0.

1.4 CONCEPTUAL DESIGN OF RECONFIGURED BAP COMPLEX

This section describes the conceptual designs for the retrofitted Recirculation Pond and the repurposed BAP.
Given the planned operational changes to these ponds and for clarity, the existing BAP and Recirculation

Pond areas will be hereafter referred to as the North/LVW Pond and South Pond, respectively.



Cardinal Operating Company Demonstration for a Site-Specific
Cardinal Power Plant Alternative to Initiation of Closure Deadline
Bottom Ash Pond Complex Rev. 0 | October 29, 2020

1.4.1 RETROFITTED SOUTH POND

1411 CCRREMOVAL

Cardinal will initiate the retrofit of the South Pond by dewatering the existing pond and subsequently
removing any accumulated bottom ash and any contaminated soils from the pond in accordance with

40 CFR 257.102(k)(1)(i). Initial dewatering will be accomplished by lowering the water levels in both the
North and South Ponds to a water level that allows continuous operation of the Recirculation Pumphouse.
The removed water will be directed to the Ohio River through permitted NPDES Outfall 023 using temporary
pumps located along the perimeter dike. In order to fully dewater the South Pond, the current flow from the
North Pond will be diverted via a temporary supply pipe connected to the Recirculation Pumphouse; the pipe
will also allow the station to continue recovering water from the BAP Complex during the South Pond retrofit
work. After the temporary pipe is installed, the South Pond will be dewatered by pumping the water stored
therein to the North Pond, which will have the capacity available for this water after the initial dewatering
effort, or through the permitted NPDES outfall. Once the dewatering process is complete, all CCR material
and CCR-impacted soils will be removed from the pond and processed as required for transportation to and
final disposal in FAR | Landfill.

1.4.1.2 COMPOSITE LINER DESIGN

After the CCR and CCR-impacted soils in the South Pond have been removed, the existing partition wall
currently dividing the pond will be removed along with the existing water treatment system and its associated
equipment. Once the partition wall has been removed, the pond equalization pipe from the North Pond’s
discharge structure will be removed and sealed in-place two feet below the bottom of the new EPA CCR

Rule-compliant liner system.

Conceptually, the South Pond’s new composite liner system will consist of (from bottom to top):
o 2-foot-thick clay layer,
e  60-mil high-density polyethylene (HDPE) geomembrane,
e 8-0z/sy non-woven geotextile, and

e A protective layer.

The protective layer installed above the other liner components will vary across the South Pond due to the
varying frequency of future dredging operations in each portion of the pond. The northernmost portion of the
pond will be dredged every three to five years, while the southernmost portion of the pond will be regularly
dredged. The middle portion of the pond is not expected to be dredged. Based on these dredging
frequencies, the protective layers in each portion of the pond will be as follows:
¢ Along the northern most portion:
0 8-in.-thick gravel layer, and

0 18-in.-thick riprap layer.
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¢ Along the southern most portion:
0 4-in.-thick gravel layer, and
0 8-in.-thick concrete layer.
e Along the middle of the pond and the new dredge staging and dewatering area:

o0 8-in.-thick of gravel layer.

The lowest two layers of the composite liner system will comply with the design criteria for composite liners
promulgated by the EPA CCR Rule. Pursuant to 40 CFR 257.70(b), a composite liner must be comprised of
an upper geomembrane (at least 60-mil thick for HDPE geomembranes) and a lower component consisting
of compacted soil that is at least 2-feet thick with a permeability no greater than 1x107 cm/sec. Accordingly,
the lower clay layer will be compacted to ensure its hydraulic conductivity does not exceed this EPA design
criterion. The Cardinal Operating Company is also evaluating the potential of substituting geosynthetic clay

liner (GCL) for clay materials to achieve this low permeability but is currently planning on using clay as noted.

The purpose of the gravel, riprap, and concrete components in the upper protective layer system is to protect
the geomembrane from being damaged by equipment removing CCR from the retrofitted South Pond in the
future. Similarly, the geotextile component will protect the geomembrane from tears induced by the sharp,

angular aggregate in the protective layer.

1.4.1.3 POND APPURTENANCES

In order to recover CCR stored in the retrofitted South Pond, a new dredge staging and bottom ash
dewatering area will be constructed near the new BATW discharge point into the pond. As CCR is dredged
from the South Pond, it will be temporarily stored on an area with an EPA CCR Rule-compliant liner to
dewater before ultimately being transported to FAR | Landfill for final disposal. In addition, new perimeter
berms will be constructed around the dewatering area to contain the water from the moist-to-wet CCR. Any

run-off from the area will be directed back towards the retrofitted South Pond.

While the existing bottom ash handling pumps will continue to be used, the jet pumps under the units’ bottom
ash hoppers will be replaced to accommodate the increased pressure drop from the BATW pipe extension to
the retrofitted South Pond. These new pumps will allow for the BATW system velocity to be maintained such
that the bottom ash remains in suspension in the transport water as it is conveyed to the retrofitted South
Pond. Treated BATW will continue to be recovered and recycled back into plant operations via the
Recirculation Pumphouse, and any excess water or blowdown will be fed to the Unit 3 FGD system. The
discharge of excess BATW through the Unit 3 FGD system is permitted by the ELG Rule.

1.4.2 REPURPOSED NORTH/LVW POND

After the South Pond has been retrofitted and is operational, the Cardinal Operating Company will begin

repurposing the North Pond. Due to the small size of the retrofitted South Pond and the limited volume of
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water that can be recovered by the station’s FGD system (see Section 1.5.3), the North Pond will need to
continue receiving LVW streams even after the South Pond has been retrofitted. In order to repurpose the
North Pond while it continues to receive LVW streams from the plant, the pond will be repurposed in two

stages: the southern portion first, then the northern portion.

1421 CONSTRUCTION OF TEMPORARY LVW IMPOUNDMENT

Before the southern portion of the North Pond can be dewatered, the LVW streams going into the pond need
to be isolated from the area. To accomplish this, a temporary impoundment will be constructed near the
existing LVW discharge point in the northwest corner of the pond. This impoundment will be constructed by
excavating out the bottom ash in the area to form a bowl, with the excavated material used to create a dike
separating the area from the rest of the North Pond. Finally, a geomembrane liner will be installed over the
bottom ash remaining on the pond floor to keep the LVW streams stored in the temporary impoundment

separated from the underlying ash.

1.42.2 CCRREMOVAL IN SOUTHERN PORTION

After the temporary LVW impoundment is constructed, the Cardinal Operating Company will initiate closure
of the southern portion of the North Pond by dewatering it and subsequently removing any accumulated
bottom ash and any contaminated soils from the pond in accordance with 40 CFR 257.102(c). Like the South
Pond, all CCR material and CCR-impacted soils removed from this area of the North Pond will be processed
as required for transportation to and final disposal in FAR | Landfill. Once the area has been
decontaminated, it will be certified as closed and will then be ready to be repurposed as a non-CCR waste

water basin.

1.4.2.3 LINER DESIGN

Once the southern portion of the North Pond has been certified as clean-closed, the subgrade will be
compacted and smooth-rolled until it is adequate to support the pond’s new liner. Because the repurposed
pond will not be receiving BATW (or any CCR in general), it will not require the same liner system as the
South Pond. Instead, the North Pond’s liner system will feature a 60-mil HDPE geomembrane in accordance
with the Ohio EPA’s liner design criteria. To complete the liner system, an 8-oz/sy non-woven geotextile will
be placed above the geomembrane. After the liner system is installed, the southern portion of the North Pond
will be available as alternative disposal capacity for the LVW streams currently going into the BAP Complex.
Accordingly, Cardinal will then divert all LVW streams from the temporary impoundment to the re-lined

southern portion of the North Pond.
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1424 CCRREMOVAL & RE-LINING OF NORTHERN PORTION

Once the LVW streams are re-directed to the repurposed portion of the North Pond, all the CCR and CCR-
impacted material in the remainder of the North Pond will be removed and transported to FAR | Landfill. This
area will then be clean-closed per 40 CFR 257.102(c) and subsequently lined with a 60-mil HDPE
geomembrane liner in accordance with Ohio EPA requirements. Like the southern portion, an 8-0z/sy non-
woven geotextile will be placed above the geomembrane. After this area has been re-lined, the entire North

Pond will be placed into service as the station’s LVW Pond (i.e., non-CCR waste basin).

1.4.3 IMPACTS TO STATION WATER BALANCE

Historically, Cardinal has recycled BATW stored in the BAP Complex for use in its wet fly ash-handling
systems. Once these systems are converted to dry handling in June 2021, BATW will no longer need to be
used for this purpose. Given the selected approach for developing alternative disposal capacity by
segregating the station’s BATW from its LVW streams, BATW will be recycled to the station in a closed loop
system for use in the station’s bottom ash-handling system. However, with the future segregation of the
ponds within the BAP Complex, some BATW will need to be discharged from the closed-loop system to
control the water inventory and chemistry. To accomplish this, a new blowdown line will be installed to
transfer some BATW from the retrofitted South Pond to the Unit 3 FGD system. As previously noted,
discharge of BATW through the station’s FGD system is acceptable per the revised EPA ELG Rule. This flow
is expected to provide the 1.84 MGD currently taken from the Unit 3 intake stream to operate the FGD
system (Ref. 4).

1.5 EXPLANATION & JUSTIFICATION OF TIME REQUESTED

Per the visual timeline representation and narrative discussion of the project schedule presented in Sections
2.0 and 3.0, respectively, the Cardinal Operating Company is requesting to the EPA allow the South Pond
and the North Pond to continue operating until November 30, 2021 and until June 9, 2022, respectively.
During this period, the following CCR and non-CCR waste streams would be placed into the BAP Complex
since they do not currently have alternative disposal options at Cardinal or offsite:

e Unit 1 and 2 BATW (until November 30, 2021),

e Unit 3 BATW (until November 30, 2021),

e Unit 1 and 2 plant services waste water (until June 9, 2022),

e Unit 3 cooling tower blowdown (until June 9, 2022),

e Unit 3 sump and drain water (until June 9, 2022),

e Coal pile run-off pond overflow (until June 9, 2022), and

o JBR waste water (until June 9, 2022).
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As previously stated, metal cleaning waste water will not be placed into the BAP Complex until after the
South Pond has been retrofitted.

The Cardinal Operating Company is requesting this additional time to continue operating the BAP Complex
because of the need to continue operating the pond to supply water to its wet fly ash-handling systems until
FAR 1l is replaced by a dry system, the time required to secure project funding from the electric cooperatives
for which it serves, and the need to continue placing LVW streams into the northern portion of the BAP
Complex until a portion of the repurposed LVW Pond is operational. These items are discussed in the
following paragraphs. A detailed explanation and justification for the time required to repurpose the BAP
Complex, starting with the engineering and design phase, is provided in the narrative of the project schedule

in Section 3.0.

Finally, pursuant to the recently-revised alternative closure requirements in the EPA CCR Rule, the Cardinal
Operating Company also evaluated whether temporary storage could be provided for the preceding CCR
and non-CCR waste streams that will be sent to the BAP Complex until the South Pond is retrofitted and the

North Pond is repurposed. This evaluation is summarized in a following paragraph.

1.5.1 WATER SOURCE FOR FLY ASH-HANDLING SYSTEM

Regardless of the option selected to replace the BAP Complex, the BAP Complex would need to remain
operational to support Cardinal’s fly ash-handling system until it is converted into a dry system. As previously
stated, Cardinal recycles water from the Recirculation Pond to sluice its fly ash to FAR Il. Without the BAP
Complex operating, the station would not be able to sluice to FAR Il. Pursuant to the Cardinal Operating
Company’s corresponding workplan for replacing FAR I, there is currently no alternative disposal capacity
for the waste streams currently sent to FAR II. Thus, Cardinal must continue operating FAR Il until the new
dry fly ash-handling system is online. This system is currently being constructed at the site and is expected
to be operational on June 7, 2021. Therefore, the BAP Complex would need to operate until at least June 7,

2021 regardless of the alternative disposal capacity selected to replace it.

1.5.2 PROJECT FUNDING & INITIATION

As part of the study of alternative disposal capacity options to replace the BAP Complex, Cardinal Operating
Company developed capital cost estimates to assess the financial requirements for funding the project.
These cost estimates were then used to obtain the necessary funding for the project. The alternative
disposal capacity project for replacing the BAP Complex could not commence until the appropriate funds
were approved and allocated.

In general, funding for environmental compliance projects is not approved until the corresponding
environmental regulations are finalized. While this project addresses revisions to the EPA CCR Rule in
response to the October 2018 mandate by the U.S. Court of Appeals for the D.C. Circuit that vacated and
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remanded provisions allowing unlined CCR surface impoundments like the North and South Ponds to
continue operating (Ref. 2), these updates were not finalized by the EPA until late-August 2020. Given the
project approval process utilized by the Cardinal Operating Company, it was not possible to initiate
procurement and construction of the reconfigured BAP Complex on the basis of forecasted changes to the
EPA CCR Rule due to the October 2018 court mandate. However, the Cardinal Operating Company
successfully demonstrated the importance of complying with the anticipated changes to the EPA CCR Rule
and the limited time available for achieving compliance. Consequently, the Cardinal Operating Company was
able to authorize and commence developing alternative disposal capacity for the BAP Complex sooner than

typically allowed for environmental compliance projects.

1.5.3 CONTINUED OPERATION OF NORTH POND AFTER SOUTH POND RETROFIT

As shown in the visual timeline representation of the project schedule (Section 2.0) and as described in the
corresponding narrative (Section 3.0), alternative disposal capacity will be available for Cardinal’s BATW by
November 30, 2021 once the South Pond has been retrofitted. However, this pond cannot be used to handle
the LVW streams currently going into the North Pond due to its size and the amount of water the station can

recover in excess of BATW.

As previously stated, the Cardinal Operating Company determined that the South Pond had adequate area
and storage volume to provide the detention time required to remove enough TSS from the BATW for the
water to be recirculated into station operations. However, this water quality standard would not comply with
the station’s existing NPDES permit. Therefore, the station will not be able to discharge the waste water
stored in this pond to the Ohio River once it is operational, even before the Ohio EPA incorporates the
revised ELG Rule standards for BATW into the station’s NPDES permit.

In lieu of discharging directly to the Ohio River from the retrofitted South Pond, the station could send excess
water through its FGD system and then discharge it following appropriate treatment. As previously stated in
Section 1.4.3, the Cardinal Operating Company plans on recycling 1.84 MGD of BATW from the retrofitted
South Pond to operate the Unit 3 FGD system. However, this is the maximum volume of water that can be
handled by the FGD system. Consequently, additional water placed into the retrofitted South Pond beyond
BATW could not be discharged through the FGD system.

Given that the station would not be able to discharge water from the retrofitted South Pond directly to the
Ohio River due to high TSS concentrations or to the Unit 3 FGD system due to its operating limits, sending
the subject LVW streams to the retrofitted South Pond in addition to the station’s BATW would put the pond
at risk of overtopping. This would be considered an uncontrolled released of BATW from the impoundment in
violation of the station’s NPDES permit. Consequently, LVW streams need to continue being discharged into
the North Pond until it has been repurposed as a non-CCR waste water basin, even after the South Pond

has been retrofitted with an EPA CCR Rule-compliant composite liner system.

1-20



Cardinal Operating Company Demonstration for a Site-Specific
Cardinal Power Plant Alternative to Initiation of Closure Deadline
Bottom Ash Pond Complex Rev. 0 | October 29, 2020

1.5.4 TEMPORARY DISPOSAL OF WASTE STREAMS

The Cardinal Operating Company considered two temporary disposal solutions for the CCR and non-CCR
waste streams that will continue to be sent to the BAP Complex until the retrofitted South Pond and
repurposed North Pond are operational on November 30, 2021 and June 9, 2022, respectively: tanks and

water treatment trailers.

1541 STORAGE TANKS

Based on the Cardinal Operating Company’s current forecast of obtaining permanent alternative disposal

capacity to replace the BAP Complex, enough tanks would need to be procured and installed at the site to

provide approximately one years’ worth of storage for the BATW produced by the plant for approximately one

year. Similarly, the station would need to install enough tanks to provide about 1.5 years’ worth of storage for

the non-CCR waste water produced by the plant. Given average daily inflows of 4.14 and 7.98 MGD of CCR
and non-CCR waste water into the BAP Complex (see Table 1), these temporary tanks would need to
provide almost 5.9 billion gallons-worth of storage. It is not technically feasible to install the number of tanks
required to provide this storage capacity until the BAP Complex is reconfigured. Less storage capacity would
be required if the tank contents could be regularly discharged or recirculated, but the tanks would need to be
large enough to promote sedimentation of the TSS in the waste streams. The number and size of these
tanks could be controlled if the waste could be transported off-site, but the logistics required for off-site
transport, even if off-site disposal capacity was available, also make this temporary solution technically

infeasible (see Section 1.3.2).

1542 WASTE WATER TREATMENT TRAILERS

While it is technically infeasible to use tanks to temporarily store and/or treat the large CCR and non-CCR
flows currently going into the BAP Complex, waste water treatment trailers from a vendor that specializes in
such technology may be capable of treating the BATW and non-CCR waste streams currently being sent to
the BAP Complex. These trailers can remove TSS from and neutralize the pH in waste streams, among
other treatment capabilities. The amount of waste water a trailer can treat is dependent on the water

chemistry, but 1 MGD is generally achievable.

Given an average daily inflow of 12.1 MGD, it would take about 12 waste water treatment trailers to handle
and treat the CCR and non-CCR waste streams currently going into the BAP Complex. While it may be
feasible to find space on the plant site for 12 trailers, the implementation of this temporary system would

require time to perform the engineering and design of piping to and from the trailers, modifications to

Cardinal’s NPDES permit, and installation of the system itself. Moreover, it should be recognized that there is

only a limited number of these waste water treatment trailers available.
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Assuming Cardinal is able to procure 12 waste water treatment trailers, they could not be installed near the
BAP Complex given the limited open space available and the need to provide unimpeded access to the site
to the contractor in charge of reconfiguring the BAP Complex. Assuming the station can allocate enough
space near Unit 3 for 12 waste water treatment trailers (about 1,500 feet away from the current discharge
point into the BAP Complex), it is expected that at least three months would be required to perform the
necessary engineering and design work to divert the subject waste streams to the waste water treatment
trailers and then route effluent from the trailers to an NPDES-permitted outfall. More design time would likely
be necessary if any or all of the waste water treatment trailers had to be sited near FAR | Landfill due to
space restrictions at the plant. Because the handling and treatment of these waste streams is being
changed, the Cardinal Operating Company would need to modify its existing NPDES permit with the Ohio
EPA to incorporate this new treatment method. Based on recent experience in obtaining permits from the
Onhio EPA, it would be expected to take approximately six months to get this permit modification finalized. It
would likely take another two months to install and commission this temporary system, assuming a

contractor has already been procured by the time the modified NPDES permit is issued by the Ohio EPA.

Based on the preceding analysis, it is anticipated that the fastest feasible timeframe for which this temporary
system could be designed, permitted, and installed is approximately 10 months. Therefore, if Cardinal were
to proceed with implementing this temporary option for the waste streams currently going into the BAP

Complex, it is anticipated that this system would be operational by September of 2021.

Although temporary waste water treatment tanks may provide a faster compliance timeline for the subject
CCR and non-CCR waste streams by about two months and nine months, respectively (the retrofitted South
Pond and the repurposed North Pond will be operational by November 30, 2021 and by June 9, 2022,
respectively), it does not align with the Cardinal Operating Company’s goal of developing a holistic solution
that complies with both the EPA CCR and ELG Rules. Implementation of this temporary solution would only
provide a temporary means for compliance with the EPA CCR and ELG Rules and would involve
mobilization of additional construction traffic and resources to establish a temporary solution when a
permanent one will be available a few months later. In general, the Cardinal Operating Company does not
consider treating this volume of non-CCR waste streams in this manner an acceptable long-term means of

compliance with the ELG Rule.

The alternative disposal capacity selected by the Cardinal Operating Company will ultimately bring Cardinal’s
BAP Complex into full compliance with both the EPA CCR and ELG Rules, and the reconfigured BAP
Complex will allow Cardinal to permanently separate the CCR and non-CCR waste streams therein. As the
EPA states in its preamble to the recent revisions to its CCR Rule (Ref. 10, p. 53536), “[T]here are many
technical reasons that a facility might select one approach over another that have nothing to do with cost or
convenience. For example...if a facility is trying to comply with multiple EPA regulations or moving away from

the commingling of CCR and non-CCR waste streams, adopting a multiple technology approach may
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ultimately result in faster compliance overall, even if individual components could theoretically be adopted

sooner.”

Based on the preceding analysis, the Cardinal Operating Company does not consider temporary waste water
treatment trailers to be in line with its goal of developing a holistic solution that brings the BAP Complex in
compliance with both the EPA and ELG Rules or the intentions of the EPA when developing the revised
alternative closure provisions for its CCR Rule. However, to preclude the interaction of LVW streams with
bottom ash stored in the North Pond once the retrofitted South Pond starts receiving BATW, the Cardinal
Operating Company plans to limit the area in which LVW will be placed in the non-compliant North Pond.
Moreover, this limited area will be lined with a temporary geomembrane liner to minimize contact between

LVW water and the bottom ash in this area.
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2.0 PROJECT SCHEDULE: VISUAL TIMELINE

This section presents a visual timeline representation of the Cardinal Operating Company’s schedule for
retrofitting the South Pond in the BAP Complex and subsequently repurposing the North Pond as a non-CCR
waste basin. Pursuant to 40 CFR 257.103(f)(iv)(1)(A)(2), the following visual timeline representation of the
project schedule shows:

¢ How each phase and the steps within that phase interact with or are dependent on each other and

the other phases,
o All of the steps and phases that can be completed concurrently,
e The total time needed to retrofit the South Pond and to repurpose the North Pond as a non-CCR

waste basin.

As shown in its visual timeline representation, the project schedule is divided into the following phases:
e Engineering & Design;
e Procurement (Contractor Selection);
e Procurement (Equipment Fabrication & Delivery); and

e Construction, Startup, & Implementation.

See Section 3.0 for the corresponding narrative discussion of the project schedule.
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@ Milestone

= Remaining Level of Effort 4

I Actual Work

1 Remaining Work

I Critical Remaining Work

<
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I Actual Work
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I Critical Remaining Work
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<> Baseline Milestone
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2022

2021
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2020

Monthly Report Layout

20A
Apr-21
07-Apr-21

31-Jul-20A
04-Aug-20 A
11-Aug-20 A
25-Aug-20 A
09-Sep-
31-Jul-20A
04-Aug-20 A
13-Aug-20 A
14-Aug-20 A
27-Aug-20 A
07-Apr-21
07-Apr-21

Finish
07

11-Feb-21

0% 11-Feb-21

w0 | JodMay-20A

0%

a0 | odvay-20A

100% 04-May-20 A
100%  03-Aug-20 A
100% | 05-Aug-20 A
100% | 12-Aug-20 A
100% | 26-Aug-20 A
100% 04-May-20 A
100% | 03-Aug-20 A
100% | 05-Aug-20 A
100%  03-Aug-20 A
100% | 14-Aug-20 A

Activity % | Start
Comnlete

Rem
Duration
40
40

ns (Recirc System)

Activity Name

CRD-BA0.69.3.38 P&ID - Existing system tie-|

CRD-BA0.69.3.37 P&ID - Blowdown to FGD
MECH050000.10 ' P&ID - Blowdown to FGD - Prepare & Review

MECH050000.16 | P&ID - Blowdown to FGD - Peer Review
MECH050000.20 | P&ID - Blowdown to FGD - S&L Prepare & Submit Package to Cardinal

MECH040000.20 ' P&ID - Symbol Sheet - S&L Prepare & Submit Package to Cardinal
MECH040000.25 | P&ID - Symbol Sheet - Cardinal review
MECH050000.30 ' P&ID - Blowdown to FGD - Design Issue

MECH040000.30 ' P&ID - Symbol Sheet - Design Issue
MECH050000.60 | P&ID - Blowdown to FGD - Construction Issue

MECH040000.10 | P&ID - Symbol Sheet - Prepare & Review
MECH040000.60  P&ID - Symbol Sheet - Construction Issue
MECH050000.25 @ P&ID - Blowdown to FGD - Cardinal review

MECH040000.16 | P&ID - Symbol Sheet - Peer Review

Activity ID

Cardinal Level 3 Bottom Ash Detailed Design

WBS

AMAMA
9§ 8§ &8 &
L D o D a L
> 3 3 3 0 2
IFIF[F|?|F
- = N e~
®m S - 4 - o
< < < < <
S o o o 9o =
AR
> o0 9 o O <
auuuu%
=223
s JRRT- SR BB
S & S -~ & =
X2
S & & & & °
S & & & |&

- S&L Prepare & Submit Package to C

S .25, 2

HHEHEE
2 (2] =1

B > s 2|5

o 8 o5 ¢ 3

5 £ 5 =

S o 5 2 o

o O = o

pes (o] © [ o

o o o o O

£ £

ee

2 Q2

[ E%)

ele

© o

Q Q

C o

Page 4 of 8
ng, Procurement & Construction Schedule by WBS

ineeri

Eng

20A

27-Aug-20 A
11-Sep-20 A

20A
07-Apr-21

-21
-20 A

31-Jul-20A
04-Aug-20 A
13-Aug-20 A
27-Aug-20 A
11-Sep-20 A
07-Apr-21
31-Jul-20A
04-Aug-20 A
13-Aug-20A
27-Aug-20 A
11-Sep-20 A
07-Apr-21
31-Jul-20A
04-Aug-20 A
13-Aug-20A
27-Aug-20 A
11-Sep-20 A
07-Apr-21
31-Jul-20A
04-Aug-20 A
13-Aug-20 A
27-Aug-20 A
09-Sep-20A
07-Apr-21

07-Apr-21
07-Apr-21
07-Apr-21
07-Apr
31-Jul
04-Aug
13-Aug-
07-Apr-21

-Feb-21
-May-20 A

0% 11-Feb-21

11-Feb-21

11-Feb-21

i | osvay-20A

0% 11-Feb-21

0% 11

|40 [ Jo4

0%

io | loiay-20A

0%

|40 | [04May-20A

100%  04-May-20 A
100% | 03-Aug-20 A
100% | 05-Aug-20 A
100% | 14-Aug-20 A
100% | 28-Aug-20 A
100% 04-May-20 A
100% | 03-Aug-20 A
100% | 05-Aug-20 A
100% | 14-Aug-20 A
100% | 28-Aug-20 A
100%  04-May-20 A
100% | 03-Aug-20 A
100% | 05-Aug-20 A
100%  14-Aug-20 A
100% | 28-Aug-20 A
100%  04-May-20 A
100% | 03-Aug-20 A
100% | 05-Aug-20 A
100%  14-Aug-20 A
100% | 28-Aug-20 A
100%  04-May-20 A
100% | 03-Aug-20 A
100% | 05-Aug-20 A
100% | 14-Aug-20 A
100% | 03-Aug-20 A

0
40
0
40
0
40
0
40
40

io | loiay20A

- S&L Prepare & Submit Package to Cardir

- Prepare & Review
- Cardinal review

- Peer Review
- Design Issue
- Construction Issue

BATW U1-2) - S&L Prepare & Submit Package to Car

BATW U1-2) - Cardinal review

BATW U1-2) - Design Issue
LVW) - S&L Prepare & Submit Package to Cardinal

BATW U1-2) - Construction Issue
LVW) - Cardinal review

ns (BATW U1-2)

BATW U1-2) - Prepare & Review
BATW U1-2) - Peer Review
LVW) - Prepare & Review

LVW) - Peer Review

LVW) - Design Issue

LVW) - Construction Issue

@ Milestone

-BA0.69.3.40 P&ID - Existing system tie-
CRD-BA0.69.3.1 P&ID - Unit 1 & 2 - Service Water System Tie-Ins

MECH081000.10 ' Unit 1 & 2 - Service Water System Tie-Ins - Prepare & Review
MECH081000.16  Unit 1 & 2 - Service Water System Tie-Ins - Peer Review

CRD-BA0.69.3.6 P&ID - Ash Hopper Piping
MECH301000.10 ' P&ID - Ash Hopper Piping - Prepare & Review

MECH301000.16 | P&ID - Ash Hopper Piping - Peer Review

CRD-BA0.69.3.39 P&ID - Existing system tie-
CRD-BA0.69.3.41 P&ID - Existing system tie-|

CRD

MECH081000.20 ' Unit 1 & 2 - Service Water System Tie-Ins - S&L Prepare & Submit Package to Cardir

MECH081000.25 | Unit 1 & 2 - Service Water System Tie-Ins - Cardinal review

MECH081000.30 ' Unit 1 & 2 - Service Water System Tie-Ins - Design Issue
MECH301000.20 ' P&ID - Ash Hopper Piping - S&L Prepare & Submit Package to Cardinal

MECH081000.60 ' Unit 1 & 2 - Service Water System Tie-Ins - Construction Issue
MECH301000.25 | P&ID - Ash Hopper Piping - Cardinal review

MECH301000.60 ' P&ID - Ash Hopper Piping - Construction Issue

MECH301000.30 ' P&ID - Ash Hopper Piping - Design Issue

<> Baseline Milestone

= Remaining Level of Effort 4

I Actual Work

I Critical Remaining Work

1 Remaining Work
<
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2021

Monthly Report Layout

2020

b | Sep [ Oct [ Nov [ Dec [ Jan [ Feb | Mar | Apr | May | Jun | Jul | Aug ] Sep | Oct [ Nov | Dec [ Jan [Feb | Mar [ Apr [ May [ Jun | Jul [Aug ] Sep [ Oct [ Nov [ Dec [ Jan [Feb | Mar | Apr [ May [ Jun | Jul | Aug | Sep [ Oct

30-Sep-20A

TActivity Name

Cardinal Level 3 Bottom Ash Detailed Design

100% | 07-Aug-20 A

| |o7-Aug-20A [07-Apr-21

Rem
Duration
130
0

CRD-BA0.69.3.43 LVW Overflow to Outfall 023 - Pipe Composite
I MECH110000.05 ' LVW Overflow to Outfall 023 - Pipe Composite - Initial Layout
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LVW Overflow to Outfall 023 - Pipe Composite - Construction Issue

CRD-BA0.69.3.44 Unit 1 BATW Lines to South pond - Iso/Composite (2 lines)
[ MECH120000.05 ' Unit 1 BATW Lines to South pond - Iso/Composite (2 lines) - Initial Layout

LVW Overflow to Outfall 023 - Pipe Composite - Prepare & Review

LVW Overflow to Outfall 023 - Pipe Composite - Bid Issue

MECH110000.10
MECH110000.30
MECH110000.60
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CRD-BA0.69.3.45 Unit 2 BATW Lines to South pond - Iso/Composite (2 lines)
[ MECH130000.05 ' Unit 2 BATW Lines to South pond - Iso/Composite (2 lines) - Initial Layout

MECH120000.10 ' Unit 1 BATW Lines to South pond - Iso/Composite (2 lines) - Prepare & Review
MECH120000.60 ' Unit 1 BATW Lines to South pond - Iso/Composite (2 lines) - Construction Issue

MECH120000.30 ' Unit 1 BATW Lines to South pond - Iso/Composite (2 lines) - Bid Issue
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CRD-BA0.69.3.46 Unit 3 BATW Lines to South pond - Iso/Composite (2 lines)
[ MECH140000.05 ' Unit 3 BATW Lines to South pond - Iso/Composite (2 lines) - Initial Layout

MECH130000.10 | Unit 2 BATW Lines to South pond - Iso/Composite (2 lines) - Prepare & Review
MECH130000.60 ' Unit 2 BATW Lines to South pond - Iso/Composite (2 lines) - Construction Issue

MECH130000.30 ' Unit 2 BATW Lines to South pond - Iso/Composite (2 lines) - Bid Issue
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CRD-BA0.69.3.47 Reroute LVW discharge pipes
[ MECH150000.05 ' Reroute LVW discharge pipes - Initial Layout

MECH140000.10 | Unit 3 BATW Lines to South pond - Iso/Composite (2 lines) - Prepare & Review
MECH140000.60 ' Unit 3 BATW Lines to South pond - Iso/Composite (2 lines) - Construction Issue

MECH140000.30 ' Unit 3 BATW Lines to South pond - Iso/Composite (2 lines) - Bid Issue
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CRD-BA0.69.3.48 Blowdown to FGD - Iso
[ MECH160000.05 | Blowdown to FGD - Iso - Initial Layout

MECH150000.10 ' Reroute LVW discharge pipes - Prepare & Review
MECH150000.30 ' Reroute LVW discharge pipes - Bid Issue
MECH150000.60 @ Reroute LVW discharge pipes - Construction Issue
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CRD-BA0.69.3.42 Temporary Piping Layout from North Pond to Recirc. Pumphouse
MECH100000.05 ' Temporary Piping Layout from North Pond to Recirc. Pumphouse - Initial Layout

MECH160000.10 ' Blowdown to FGD - Iso - Prepare & Review
MECH160000.60 | Blowdown to FGD - Iso - Construction Issue

MECH160000.30 | Blowdown to FGD - Iso - Bid Issue
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MECH100000.10 | Temporary Piping Layout from North Pond to Recirc. Pumphouse - Model Review
MECH100000.50 | Temporary Piping Layout from North Pond to Recirc. Pumphouse - Final Analysis
MECH100000.60 | Temporary Piping Layout from North Pond to Recirc. Pumphouse - Construction Issue

MECH100000.06 | Temporary Piping Layout from North Pond to Recirc. Pumphouse - Initial Analysis
MECH100000.30 ' Temporary Piping Layout from North Pond to Recirc. Pumphouse - Bid Issue
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CRD-BA0.69.3.2 Unit 1 & 2 - Service Water System Tie-Ins - Iso/Composi

CRD-BA0.69.3.8 Ash Hopper Piping - Iso/Composite

MECH310000.05 @ Ash Hopper Piping - Iso/Composite - Initial Layout
MECH310000.06 ' Ash Hopper Piping - Iso/Composite - Initial Analysis
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CRD-BA0.69.3.49 Supports - Ash Piping
[ MECH190000.10 | Supports - Ash Piping - Prepare & Review

MECH310000.60 ' Ash Hopper Piping - Iso/Composite - Construction Issue
‘ MECH190000.30 | Supports - Ash Piping - Bid Issue

MECH310000.10 | Ash Hopper Piping - Iso/Composite - Model Review
MECH310000.50 ' Ash Hopper Piping - Iso/Composite - Final Analysis

MECH310000.30 ' Ash Hopper Piping - Iso/Composite - Bid Issue
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CRD-BA0.69.3.3 Supports - Unit 1 & 2 - Service Water System Tie-Ins

‘ MECH190000.60 | Supports - Ash Piping - Construction Issue
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28-Oct-20 17:16

2022

2021

Project ID:FPT4-CRD-BAO

b | Sep [ Oct [ Nov [ Dec [ Jan [ Feb | Mar | Apr | May | Jun | Jul | Aug ] Sep | Oct [ Nov | Dec [ Jan [Feb | Mar [ Apr [ May [ Jun | Jul [Aug ] Sep [ Oct [ Nov [ Dec | Jan [Feb | Mar | Apr [ May [ Jun | Jul | Aug | Sep [ Oct

Cardinal Level 3 Bottom Ash Detailed Design

WBS

Activity Name

Activity ID

MECH191000.10 | Supports - Unit 1 & 2 - Service Water System Tie-Ins - Prepare & Review

‘ MECH191000.30 | Supports - Unit 1 & 2 - Service Water System Tie-Ins - Bid Issue

‘ MECH191000.60 | Supports - Unit 1 & 2 - Service Water System Tie-Ins - Construction Issue

CRD-BA0.69.3.50 Supports - Blowdown to FGD
[ MECH200000.10 | Supports - Blowdown to FGD - Prepare & Review

‘ MECH200000.30 | Supports - Blowdown to FGD - Bid Issue

‘ MECH200000.60 | Supports - Blowdown to FGD - Construction Issue

CRD-BA0.69.3.7 Supports - Ash Hopper Piping
[ MECH320000.10 | Supports - Ash Hopper Piping - Prepare & Review

‘ MECH320000.30 | Supports - Ash Hopper Piping - Bid Issue

‘ MECH320000.60 | Supports - Ash Hopper Piping - Construction Issue

CRD-BA0.69.3.51 Control Valve Data Sheets
[ MECH210000.10 | Control Valve Data Sheets - Prepare & Review

‘ MECH210000.30 | Control Valve Data Sheets - Issue for Use

CRD-BA0.69.3.33 List - Pipelines
[ MECH020000.10 | List - Pipelines - Prepare & Review

‘ MECH020000.30  List - Pipelines - Issue for Use

CRD-BA0.69.3.35 List - Valves
[ MECH030000.10 | List - Valves - Prepare & Review

‘ MECH030000.30 | List - Valves - Issue for Use

CRD-BA0.69.3.52 Mechanical Walkd owns
[ MECH220000.00 = Mechanical Walkdowns - Summary

CRD-BA0.69.4 Electrical

Wiring Drawings - Prepare & Review

CRD-BA0.69.4.20 Wiring Drawings

Wiring Drawings - Construction Issue

ELEC010000.60

Cable Tabulations

CRD-BA0.69.4.21
[ ELEC020000.10 | Cable Tabulations - Prepare & Review

Cable Tabulations - Bid Issue

ELEC020000.30

Cable Tabulations - Construction Issue

CRD-BA0.69.4.22 Electrical Installation Drawings
[ ELEC030000.10 | Electrical Installation Drawings - Prepare & Review

ELEC020000.60

Electrical Installation Drawings - Bid Issue

ELEC030000.30

Electrical Installation Drawings - Construction Issue

CRD-BA0.69.4.23 Electrical Walkdowns - Summary

[ ELEC040000.00 | Electrical Wakdowns - Summary

ELEC030000.60

Control Description- Logics - Prepare & Review
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CRD-BA0.69.5 1&C

[ 1C01000000.10

Control Description- Logics - S&L Prepare & Submit Package to Cardinal

1C01000000.20
1C01000000.25

Control Description- Logics - Cardinal review

Control Description- Logics - Issue for Use

CRD-BA0.69.5.28 1/0 Database/List

1C01000000.30

I/O Database/List - Prepare & Review

I/O Database/List - S&L Prepare & Submit Package to Cardinal

1C02000000.30
1C02000000.31

I/O Database/List - Cardinal review

I/O Databasel/List - Issue for Use

CRD-BA0.69.5.29 Instrument List and Details

1C02000000.32

Instrument List and Details - Prepare & Review

Instrument List and Details - Issue for Use

CRD-BA0.69.5.30 1&C Walkdowns

1C03000000.30

1&C Walkdowns - Summary

ARP Pressure Increase Instrument Evaluation
ARP Pressure Increase Instrument Evaluation

CRD-BA0.69.5.31

[ 1C05000000.00
CRD-BA0.70 Procurement (Contractor Selection)

CRD-BA0.70.54 Spec - General Work Specification
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PGWC000000.10 | Spec - General Work Specification - Prepare & Review
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Finish

Cardinal Level 3 Bottom Ash Detailed Design

WBS

Activity % | Start
Comnlete

Rem
Duration

Activity Name

Activity ID

08-Dec-20
22-Dec-20

0% 02-Dec-20
0% 09-Dec-20
0% | 23-Dec-20

0% | 04-Jan-21

PGWC000000.20 | Spec - General Work Specification - S&L Prepare & Submit Package to Cardinal

PGWC000000.25 | Spec - General Work Specification - Cardinal review

PGWC000000.30 | Spec - General Work Specification - Bid Issue

10

31-Dec-20*
12-Feb-21
24-Mar-21

30

PGWC000000.40 | Spec - General Work Specification - Bid Period

0%  15-Feb-21
0% 11-Mar-21

0%  25-Mar-21

28
10

PGWC000000.50 | Spec - General Work Specification - Tech Bid Eval / Recommendation

PGWC000000.52 | Spec - General Work Specification - Commercial Evaluation

24-Mar-21

31-Mar-21

PGWC000000.55 | Spec - General Work Specification - Conform Spec for Contract

PGWC000000.60 | Spec - General Work Specification - Award

07-Apr-21*

0% 01-Apr-21

29-Jul-22
26-May-21

08-Apr-21
0% 08-Apr-21

333
35
80

CRD-BA0.70.64 Vndr Dwgs- General Work Specification

VGWC000000.95 = General Work Specification - Mobilize

02-Sep-21
29-Jul-22
31-Mar-21

0%  12-May-21
0% 08-Apr-21

VGWC000000.99 ' General Work Specification - Procure / Fab / Deliver Materiaks

VGWC000000.90 @ General Work Specification - Interface

333

04-Jan-21

0% | 04-Jan-21

63

CRD-BA0.70.53 Spec - Construction Quality Assurance

15-Jan-21
22-Jan-21
29-Jan-21
03-Feb-21
24-Feb-21

PCQA000000.10 ' Spec - Construction Quality Assurance - Prepare & Review

0% 18-Jan-21

5

PCQA000000.20 | Spec - Construction Quality Assurance - S&L Prepare & Submit Package to Cardinal

0% 25-Jan-21

PCQA000000.25 | Spec - Construction Quality Assurance - Cardinal review

PCQA000000.30 ' Spec - Construction Quality Assurance - Bid Issue

0%  01-Feb-21
0% 04-Feb-21
0% 25-Feb-21

0%
0%

15

PCQA000000.40 | Spec - Construction Quality Assurance - Bid Period

17-Mar-21

PCQA000000.50 | Spec - Construction Quality Assurance - Tech Bid Eval / Recommendation

17-Mar-21

11-Mar-21
18-Mar-21

PCQA000000.52  Spec - Construction Quality Assurance - Commercial Evaluation

24-Mar-21

PCQA000000.55 | Spec - Construction Quality Assurance - Conform Spec for Contract

PCQA000000.60 | Spec - Construction Quality Assurance - Award

31-Mar-21

0%  25-Mar-21

26-Jul-22
26-Jul-22

01-Apr-21
0%  01-Apr-21

335
335

CRD-BA0.70.63 Vndr Dwgs- Construction Quality As surance

VCQAO000000.90  Construction Quality Assurance - Contractor Interface
CRD-BA0.70.55 Spec - Topographic & Bathymetric Survey

17-Jul-20 A

01-May-20 A
08-May-20 A
15-May-20 A
20-May-20 A
30-Jun-20A
08-Jul-20A

27-Apr-20 A

100%  27-Apr-20 A

PTOPO00005.10 | Spec - Topographic & Bathymetric Survey - Prepare & Review

100% | 04-May-20 A
100%  11-May-20 A
100% 18-May-20 A
100% | 21-May-20 A

100% 01-Jul-20 A

0

PTOPO00005.20 | Spec - Topographic & Bathymetric Survey - S&L Prepare & Submit Package to Cardir

PTOPO00005.25 | Spec - Topographic & Bathymetric Survey - Cardinal review
PTOPO00005.30 | Spec - Topographic & Bathymetric Survey - Bd Issue

PTOPO00005.40 | Spec - Topographic & Bathymetric Survey - Bid Period

PTOPO00005.50 | Spec - Topographic & Bathymetric Survey - Tech Bid Eval / Recommendation

PTOPO00005.52 | Spec - Topographic & Bathymetric Survey - Commercial Evaluation

08-Jul-20A

100% 01-Jul-20 A

10-Jul-20 A
17-Jul-20 A

18-Oct-21

100%  09-Jul-20 A

100%

PTOPO00005.55 | Spec - Topographic & Bathymetric Survey - Conform Spec for Contract

PTOPO00005.60 | Spec - Topographic & Bathymetric Survey - Award
CRD-BA0.71 Procurement (Equipment Fabrication & Delivery)

13-Jul-20 A
08-Apr-21

138
106
20

02-Sep-21

08-Apr-21
0%  08-Apr-21

CRD-BA0.71.1 Clay
PFDC000000.90

05-May-21

Clay Procurment - Ordering

PFDC000000.99 | Clay Procurment - Delivery
CRD-BA0.71.2 Gravel and Riprap

02-Sep-21

0%  06-May-21

86

02-Sep-21
05-May-21

08-Apr-21
0% 08-Apr-21

106
20

Gravel & Riprap Procurement - Ordering
PFDR000000.99 | Gravel & Riprap Procurement - Delivery

CRD-BA0.71.3 Geomembrane

PFDR000000.90

02-Sep-21

0% 06-May-21

86

02-Sep-21

08-Apr-21
0%  08-Apr-21

106
20

05-May-21

PFDG000000.90 | Geomembrane Procurement - Ordering

05-Aug-21

0% 06-May-21
0% 06-Aug-21

66
20

PFDG000000.95 @ Geomembrane Procurement - Fabrication

02-Sep-21
02-Sep-21
05-May-21

PFDG000000.99 | Geomembrane Procurement - Delivery

CRD-BA0.71.4 Geotextile

08-Apr-21
0% 08-Apr-21

106
20

Geotextile Procurement - Ordering

PFDX000000.90

05-Aug-21

0%  06-May-21
0%  06-Aug-21

66
20

Geotextile Procurement - Fabrication

PFDX000000.95

02-Sep-21

Geotextile Procurement - Delivery

CRD-BA0.71.5 Concrete

PFDX000000.99

18-Oct-21

08-Apr-21
0% 08-Apr-21

138
133

11-Oct-21
18-Oct-21

Concrete Procurement - Ordering

PFDT000000.90

0% 12-Oct-21

Concrete Procurement - Delivery

CRD-BA0.71.6 Pipes and Valves

PFDT000000.99

14-Jul-21

08-Apr-21
0%  08-Apr-21

70

21-Apr-21
16-Jun-21

Pipes & Valves Procurement - Ordering

PFDV000000.90

0% | 22-Apr-21

40

Pipes & Valves Procurement - Fabrication

PFDV000000.95
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3.0 PROJECT SCHEDULE: NARRATIVE DISCUSSION

This section presents a narrative of the project steps and sequencing necessary to develop the alternative
disposal capacity selected to replace the existing BAP Complex. This narrative follows and supplements the

visual timeline representation of the project schedule provided in provided in Section 2.0.

Section 3.1 presents the steps Cardinal will take to retrofit the South Pond and repurpose the North Pond
and the general sequence in which these steps will occur. This workflow is based on the steps necessary to
execute the project and is considered to be the fastest feasible timeline in which the South Pond can be
retrofitted with an EPA CCR Rule-compliant composite liner system and the North Pond can be repurposed
as a non-CCR waste water basin. The subsequent sections discuss the steps that occur within each phase
of the project (as shown in the visual timeline representation), including the tasks that occur during each of

those steps.

See Section 4.0 for a narrative discussion of the progress the Cardinal Operating Company has made to

date in developing this alternative disposal capacity for the BAP Complex.

3.1 INSTALLATION ACTIVITIES & PROJECTED WORKFLOW

As currently designed, the BAP Complex will be reconfigured by executing the following sequence of
activities:

o Designing and permitting the retrofitted South Pond and repurposed North Pond;

e Procuring a general work contractor to perform the work;

o Retrofitting the South Pond:

o0 Installing a temporary pipe system to supply the Recirculation Pumphouse from the North

Pond during the South Pond retrofit work;
Dewatering the pond and excavating the CCR and CCR-impacted soils (if any) therein;
Performing leveling and grading;

Constructing a new dredge staging and CCR dewatering area;

O O O o

Removing several existing pond features, including:
» Transfer pumps, chemical treatment systems, and associated equipment,
= A portion of the pond equalization pipe from North Pond discharge structure (sealing
the pipe thereafter), and
=  The partition wall in the South Pond;
o0 Installing the composite liner system:
= Compacting and rolling smooth the exposed subgrade,
» Placing and compacting a 2-foot-thick clay layer,
= |nstalling a 60-mil HDPE geomembrane liner,

= Placing a non-woven geotextile, and
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= Installing a protective layer of gravel, riprap, and/or concrete (varies within the South
Pond);

0 Extending the existing BATW pipes to the retrofitted South Pond; and

o0 Certifying and commissioning the retrofitted South Pond;
e Repurposing the southern portion of the North Pond:

o0 Constructing a temporary impoundment in the northern portion of the pond,
Isolating LVW streams to the temporary impoundment,
Dewatering and excavating the CCR and CCR-impacted soils (if any) in the area,

Certifying the area as clean-closed,

O O O O

Installing a new liner system:
= Compacting and rolling smooth the exposed subgrade,
= |nstalling a 60-mil HDPE geomembrane liner, and
= Placing a non-woven geotextile; and

o Diverting LVW streams to the repurposed portion of the North Pond.

3.2 ENGINEERING & DESIGN

Before construction can begin on the BAP Complex, detailed engineering and design work must be
completed which includes preparing the design drawings and specifications required to execute the work.
The engineering and design work began in April 2020 and is scheduled to be completed in April 2022. The
timeline for the engineering and design work was based on experience from similar pond retrofit projects and
on engineering judgement. The anticipated engineering work for this project is broken out into the following

categories: General, Civil, Structural, Mechanical, Electrical, and Instrumentation and Controls (I&C).

3.2.1.1 GENERAL

The General engineering and design work encompasses tasks that do not fall under one specific discipline.
This phase involves tasks that are required by the other disciplines prior to detailed design and is projected
to span from April 2020 through December 2020. The work will include:
e Preparing a project design basis and criteria,
e Preparing general arrangement drawings of the project site,
e Updating the project cost estimate based on the more detailed engineering and design performed in
this phase, and

e Conducting design reviews.

In addition to the preceding tasks, the Cardinal Operating Company will prepare the semi-annual progress
reports on the development of this alternative disposal capacity for the BAP Complex in accordance with 40
CFR 257.103(f)(1)(x). Pursuant to 40 CFR 257.103(f)(1)(xi), these reports will be prepared by April 30 and

October 31 of each year for the duration of the project. Based on having alternative disposal capacity
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available by the end of April 2022 for all of the CCR and non-CCR waste streams currently being managed in
the BAP Complex, the Cardinal Operating Company anticipates submitting three of these progress reports to
the EPA.

3.21.2 CIVIL

The Civil engineering and design work began in July 2020 and is scheduled to be substantially completed by
April 2021. This phase involves tasks like preparing drawings, various permitting support documents, and the
required EPA CCR Rule compliance demonstrations:
e Drawings:
o Civil general notes and details,
o0 Temporary erosion control,
0 Pond lining,
o Civil sitework demolition, and
0 Roads and paving.
e Permitting Documents:
0 Ohio EPA Storm Water Pollution Prevention Plan (SWPPP) for construction,
0 Ohio EPA permitting documents support, and
0 Ohio DNR dam modifications permitting support.
e EPA CCR Rule Compliance Demonstrations:
Location Restrictions (40 CFR 257.60 through 64),
Design Criteria (40 CFR 257.72 and 74),
Operating Criteria (40 CFR 257.80, 82, and 83),
Groundwater Monitoring (40 CFR 257.90 through 93), and
Closure and Post Closure Care (40 CFR 257.102 and 104).

O O O o O

In addition to the preceding tasks, the Civil engineering and design work included the procurement of a
topographic and bathymetric survey of the BAP Complex to provide the necessary site inputs for design
calculations and design drawings, including:

e Depth of bottom ash in the BAP Complex;

¢ Existing dike alignments, slopes, and elevations; and

o Locations of existing structures, equipment, and piping.

The process of procuring a topographic and bathymetric survey procurement began in April 2020, and the
contract was awarded to a surveyor in late July 2020. This process included preparing a technical
specification for the work, issuing a bid package, and performing technical and commercial evaluations in

order to confirm the bidders evaluated every aspect of the specification. The surveying work began in July
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2020 and was completed in September 2020. The total approximate area that was surveyed was over 60

acres.

3.2.1.3 STRUCTURAL

The Structural engineering and design work began in September 2020 and is scheduled to be completed in
April 2021. Within this subcategory, the following drawings and support documents will be prepared:

o Concrete general notes and details,

e Modifications to the existing Outfall 023 structure,

e Pipe road crossing trenches,

e Foundations for miscellaneous structural pads and pipe supports,

e Pumphouse bulkheads, and

e Structural steel for pipe supports and auxiliary steel.

To support the preceding tasks, site walkdowns will be performed to gather necessary structural engineering

and design inputs for the project.

3.2.1.4 MECHANICAL

The Mechanical engineering and design work began in May 2020 and is scheduled to be completed in April
2021. Within this subcategory, drawings and piping and instrumentation diagrams (P&IDs) will be prepared,
including:
e Mechanical general notes and details;
e Demolition drawings for:
o BATW piping,
o LVW piping,
0 Metal cleaning waste tank facility, and
0 Chemical treatment system;
e P&IDs, isometric and composite drawings, and/or pipe supports for:
Blowdown to the Unit 3 FGD,

Existing system tie-ins for the recirculation system,

o

Existing system tie-ins for BATW from Units 1 and 2,

Existing system tie-ins for BATW from Unit 3,

Existing system tie-ins for LVW,

Temporary piping from the North Pond to the Recirculation Pumphouse

Unit 1 and 2 service water system tie-ins, and

o

Ash hopper piping;
e Control valve data sheets; and

e Lists for pipelines and valves.
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To support the preceding tasks, site walkdowns will be performed to gather necessary mechanical

engineering and design inputs for the project.

3.2.1.5 ELECTRICAL

The Electrical engineering and design work began in July 2020 and is scheduled to be completed in April
2021. Within this subcategory, drawings and calculations will be prepared, including:

Wiring drawings,

Cable tabulations, and

Electrical installation drawings.

O O O O

Electrical walkdown summary.

To support the preceding tasks, site walkdowns will be performed to gather necessary electrical engineering

and design inputs for the project.

3.2.1.6 INSTRUMENTATION & CONTROLS (I&C)

The I&C engineering and design work began in July 2020 and is scheduled to be completed in February
2021. Within this subcategory, drawings and calculations will be prepared, including:

0 Logic control descriptions,

o 1/O Database list, and

o Instrument list and details.

To support the preceding tasks, site walkdowns will be performed to gather necessary I&C engineering and

design inputs for the project.

3.3 PROCUREMENT
3.3.1 CONTRACTOR SELECTION

3.3.1.1 GENERAL WORK CONTRACTOR

The Cardinal Operating Company intends to hire one General Work Contractor to retrofit the South Pond and
install the ancillary pond features. The General Work Contractor selection process is scheduled to begin in
November 2020. The technical specification will take approximately two months to prepare and review, which
will be performed concurrently with the corresponding engineering design drawings to be included with the
specification in the bid package. This bid package is expected to be released to qualified contractors in early
January 2021, and the subsequent bid period is expected to last approximately six weeks in order to give the

bidders adequate time to assess, understand, price, and develop a plan for executing the scope of work.
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Once all bids are obtained by mid-February 2021, the Cardinal Operating Company will assess the bids on a
technical and commercial basis. The bid evaluation phase is expected to take six weeks in order to provide
adequate time to thoroughly review each proposal, which may include asking bidders questions, ensuring
each bid addresses all aspects of the scope of work, addressing any exceptions taken by the bidders in the
technical and/or commercial terms, and ultimately selecting the winning bidder for the general work contract.
Immediately after this bid evaluation phase, Cardinal will conform the commercial terms and technical
specification with the winning bidder and subsequently award the contract. This last phase is expected to

take about three weeks, which would have the general work contract awarded in early April 2021.

3.3.1.2 CONSTRUCTION QUALITY ASSURANCE

The Cardinal Operating Company also intends to hire a Construction Quality Assurance (CQA) Contractor to
inspect the General Work Contractor’s work to ensure it meets the performance standards specified in the
construction contract. The CQA Contractor selection process will commence after the bid package for the
General Work Contractor is released in early January 2021 and will go through a similar procurement
process. A technical specification will be prepared detailing the work required of the CQA, which is expected
to take approximately one month to prepare and review. The CQA bid package will then be issued to
qualified CQA contractors; this is expected to occur in early February 2021. Given the nature of this work, the
bid period and subsequent evaluation phase are only expected to take three weeks each. Thus, the Cardinal
Operating Company expects to have bids for the CQA work reviewed for technical and commercial
conformance by mid-March 2021. Like the general work contract, it is expected that the specification will be
conformed with and awarded to the selected CQA Contractor within two weeks of completing the bid
evaluation. Thus, the CQA Contractor for the project is expected to be hired around the end of March 2021,
which is around the same time the Cardinal Operating Company anticipates awarding the general work

contract.

3.3.2 EQUIPMENT FABRICATION & DELIVERY

Immediately after executing the general work contract in early April 2021, the manufactured materials
required for the project (e.g., HDPE geomembrane, piping) will be ordered. Some of these materials are
expected to be long lead-time components, so ordering them in early spring of 2021 reduces the risk of
supply delay by the time these materials are installed in the fall of 2021. In particular, the HDPE
geomembrane for the South Pond’s composite liner system is expected to have a long lead time to procure

given the anticipated surge in CCR pond work.

The following subsections discuss how the Cardinal Operating Company anticipates the various materials

required to execute this project will be procured.
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3.3.2.1 CLAY, GRAVEL, & RIPRAP

Once the General Work Contractor has been awarded the construction contract, the contractor will work with
the Cardinal Operating Company to find and select borrow sites for the clay, gravel, and riprap materials for
the project. In particular, contractor will need to evaluate whether a clay borrow site has suitable material to
meet the low hydraulic conductivity specified for the South Pond’s composite liner system and whether it can

be delivered to the project site on time.

It is expected that the borrow sites for clay, gravel, and riprap will be selected within a month after the
construction contract is awarded. It is anticipated that the clay borrow site will be located within 20 miles of
Cardinal, whereas the gravel and riprap are expected to come from borrow sites located between 30 and 60
miles away from the plant. A four-month delivery duration was scheduled for all three materials to provide an
adequate window of time to ensure the materials are at the project site before the composite liner installation

work begins in September of 2021.

3.3.2.2 GEOMEMBRANE & GEOTEXTILE

Concurrent with identifying borrow sites for the soil materials, the General Work Contractor will order the
geosynthetic materials required for the project. Once the panels are ordered, the vendor will begin the
fabrication process. From prior projects, experience with geomembrane/geotextile vendors, and the
anticipated demand for geosynthetic materials for EPA CCR Rule compliance work, the fabrication time is
expected to be approximately 70 days. Potential vendors that supply geomembrane and/or geotextile are
between 100 and 350 miles away from the station. Accordingly, a 20-day delivery duration was scheduled to
provide an adequate window of time to ensure the materials are at the project site before the composite liner

installation work begins in September of 2021.

3.3.2.3 CONCRETE

Immediately after being awarded the contract to reconfigure the BAP Complex (beginning of April 2021), the
General Work Contractor will begin contacting ready-mix concrete suppliers to furnish and deliver the
concrete being installed over a portion of the composite liner system in the South Pond. Several potential
ready-mix concrete suppliers are located within a 20-mile radius of the Cardinal site, including Brilliant and
Steubenville, Ohio. Therefore, it is expected that the concrete for the retrofitted pond will be prepared at one
of these plants and delivered to the site via ready-mix trucks. Given the proximity of these plants, ready-mix
trucks should have adequate time to deliver and discharge the concrete in accordance with ASTM C94,
“Standard Specification for Ready-Mixed Concrete,” which requires concrete be discharged within 90

minutes after hydration commences.
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3.3.2.4 PUMPS, PIPES, & VALVES

The final materials required for the project are the new pumps, pipes, and valves required for modifications to
the existing CCR and non-CCR pipelines and upstream equipment. Like the other materials, these items will
also be ordered once the General Work Contractor is awarded the project. These materials are expected to
be delivered by mid-July 2021 since the installation of the new pumps is one of the earliest tasks on the
construction schedule. Thus, the General Work Contractor is expected to have these materials ordered

within two weeks after starting the project.

From prior projects and experience with pump, HDPE pipe, and valve vendors, the fabrication time was
scheduled for 40 days. Potential vendors that supply these items are located between 30 and 110 miles from
the plant site. Accordingly, a 20-day delivery duration was scheduled to provide an adequate window of time

to ensure the equipment arrives at to the Cardinal station in time for it to be installed.

3.4 CONSTRUCTION, STARTUP, & IMPLEMENTATION

After being awarded the contract in early April 2021, the General Work Contractor will start mobilizing to the
site. As previously mentioned, the BAP Complex must continue operating until the station’s new dry fly ash-
handling system is operational and FAR Il is no longer needed. Per the Cardinal Operating Company’s
corresponding workplan for replacing FAR I, the dry fly ash-handling system is expected to be operational
by June 7, 2021. Thus, the General Work Contractor for this project is expected to be fully mobilized to the
site by late May, early June 2021. Upon mobilizing to the site, construction is anticipated to follow a multi-
phase approach to allow Cardinal to continue operating without major outages while the Bottom Ash Pond
Complex is reconfigured.

The following construction schedule assumes that the General Work Contractor and its subcontractors (if

any) will normally work five days per week at 10 hours per day.

3.4.1 PHASE 1: INITIATE DEWATERING & RE-ROUTE NORTH POND OUTFLOW

Before the water and ash in the South Pond can be removed, the pond needs to be isolated from the
operations of the BAP Complex. This will be accomplished by installing a temporary supply pipe between the
Recirculation Pumphouse and the North Pond. This work is scheduled to commence at the end of June
2021.

In order to install the temporary supply pipe in a dry condition, the water levels in the North and South Ponds
will be lowered. This drawdown process is expected to start in May of 2021 after the contractor has partially
mobilized to the site. The water level will be lowered by about seven feet in each pond, which will allow the
Recirculation Pumphouse to continue supplying water to Cardinals’ fly ash-handling system while the South

Pond is being retrofitted. Approximately 390 million gallons of water in the South Pond and 1,100 million
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gallons of water in the North Pond are expected to be removed during the drawdown process. The removed
water will be directed to the Ohio River through NPDES-permitted Outfall 023 using temporary pumps
located along the perimeter dike. The effluent limitations of Cardinal’s NPDES permit will be maintained
during the discharge of BATW as required to perform the necessary improvement. Compliance will be

monitored in strict accordance with the applicable permits.

Once the water levels in both ponds are drawn down, the temporary supply pipe will then be installed
through the dividing berm by excavating, installing and backfilling the pipe on the north side of the dike. Once
the northern portion of the pipe is installed, the North Pond will be refilled to its working water elevation. The
contractor will then repeat the same process on the south side of the dike. The temporary supply pipe will
ultimately run through the existing dike where it will then connect to the Recirculation Pumphouse. This pipe
will be approximately 300 feet from the existing outlet structure in the North Pond to the connection to the
Recirculation Pumphouse. At its connection to the pumphouse, the temporary pipe will feature a manifold
attached to temporary bulkheads that will be installed at the entrance of each pump bay to prevent water

remaining in the South Pond from entering the pumphouse.

Once the North and South Ponds are segregated and a new flow path is established for the North Pond, all
waste water streams will cease entering the South Pond, which can then be fully dewatered. Based on the
work required, it is currently anticipated that approximately two months will be necessary to complete this
task. Therefore, it is expected that the General Work Contractor can begin dewatering and removing CCR
material from the South Pond by the end of July 2021.

3.4.2 PHASE 2: CLEAN OUT SOUTH POND

After all waste water is diverted away from the South Pond, the General Work Contractor will continue
dewatering the pond until all free water remaining from Phase 1 is removed. It is estimated that
approximately six feet of free water, the equivalent of 270 million gallons, will need to be removed at this
time. This water will be removed in the similar manner as the pond drawdown work in Phase 1 but may be

sent to the North Pond in lieu of Outfall 023 if space is available.

Once the water in the South Pond is removed, the General Work Contractor will remove the pond’s water
treatment system and the existing sheet pile wall currently separating the South Pond into two areas. At this
point the contractor can begin removing CCR material and any CCR-impacted soils from the pond. Based on
the recently-completed bathymetric survey and historical design drawings, it is anticipated that approximately
44,000 cubic yards of CCR will be removed during this phase. All removed CCR and CCR-impacted soils will
be transported to FAR | Landfill for final disposal. Appropriate fugitive dust control measures (e.g., water

spray) will be implemented to minimize airborne CCR particulates while the CCR is being handled.
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Based on the amount of water and CCR to be removed, it is anticipated that the General Work Contractor
will need approximately two months to complete this phase. Therefore, it is expected that the South Pond will
be free of CCR and CCR-impacted soils by the end of September 2021.

3.4.3 PHASE 3: RETROFIT SOUTH POND

Once the CCR material and CCR-impacted soils are removed from the South Pond, the composite liner
system can be installed. The General Work Contractor will first compact and roll smooth the pond floor as
necessary to ensure the subgrade is firm, clean, and smooth. After the CQA Contractor verifies the condition
of the subgrade, the General Work Contractor will proceed with installing the clay component of the
composite liner system. The clay will be placed in lifts, with each lift compacted to provide a hydraulic
conductivity not exceeding 1x107 cm/sec in accordance with 40 CFR 257.70(b). Concurrent with the
contractor placing and compacting the clay layer, the CQA Contractor will verify the lifts are indeed

compacted to the specified performance criteria (i.e., density, moisture content, and lift thickness).

Subsequent to placing and compacting the clay component of the composite liner system, panels of HDPE
geomembrane will be deployed over the clay. Adjacent panels will be overlapped and thermally welded
together. Like the clay component, the CQA Contractor will inspect the deployment of the geomembrane
panels and the welds connecting them for conformance with the project specifications. Once the HDPE
geomembrane liner is in place, the General Work Contractor will then begin placing the non-woven
geotextile. The geotextile will be placed in panels and subsequently overlapped and sewn together at the

seams.

The protective layer will be the final component of the composite system liner that is installed. As discussed
in Section 1.4.1, this protective layer will vary across the South Pond due to different dredging frequencies
expected in these areas during the pond’s operating life. The various thicknesses of riprap, gravel, and
concrete will be placed once the geotextile has been installed. The gravel and riprap layers will require some

light compaction, while the concrete layer will be placed once the gravel and riprap have been positioned.

As the composite liner system is being installed, the new dredge staging and CCR dewatering area will be
constructed near the new BATW discharge point into the South Pond. This area will be built over the new
composite liner system with an 8-in.-thick protective layer of gravel. Compacted bottom ash excavated from
the North Pond will be used to raise this area approximately three feet above the retrofitted pond’s normal
operating water level. Finally, the existing BATW discharge pipes will be extended south along the western
berm of the BAP Complex to the South Pond.

This phase is currently scheduled to begin in the end of September 2021. The composite liner system is
expected to require 26,000 cubic yards of clay; 33,000 square yards of geomembrane and geotextile; and

over 6,000 cubic yards of aggregate (gravel and/or riprap) and concrete. Based on the work required, it is
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currently anticipated that approximately two months will be necessary to complete this task. Therefore, it is

expected that the composite liner system will be fully installed in the South Pond by mid-November 2021.

3.4.4 PHASE 4: COMMISSION & CERTIFY RETROFITTED SOUTH POND

After the new composite liner system has been installed in the South Pond and once the BATW lines have
been extended thereto, the retrofitted pond will be certified in accordance with 40 CFR 257.102(k)(4). At this
point, Cardinal will have alternative bottom ash disposal capacity available and will immediately begin
sluicing BATW to the South Pond to store and treat the station’s bottom ash. Thus, per the project schedule,
it is expected that Cardinal will have alternative disposal capacity for the CCR waste streams currently sent
to the existing BAP Complex by November 30, 2021.

Once the retrofitted South Pond is operational, the four recirculation pumps in the pond will be taken out of
service. Meanwhile the four recirculation pumps for the North Pond will remain in service in order to continue
segregating the LVW streams in the North Pond from the BATW in the South Pond. Once the South Pond’s
recirculation pumps are shutdown, the temporary bulkheads installed during Phase 1 will be removed in
order to allow water to begin entering the South Pond. At this point, the temporary supply pipe from the North

Pond to the Recirculation Pumphouse will be removed.

In order to remove the temporary supply pipe, the valve at the north end of the pipe will be closed and the
pipe will be drained of excess water from the branch pipe valves at the Recirculation Pumphouse. At this
point, the temporary bulkheads can be removed from the four northernmost openings. The temporary supply
pipe will then be removed. up until the upstream side of the dividing dike. The rest of the pipe will remain
within the dike to mitigate the risk of otherwise compromising the South Pond’s new composite liner system;
accordingly, the pipe will be sealed and filled with grout. Supports for the temporary supply pipe will also

remain in place with sleeves integrated into the composite liner system.

This phase is expected to take approximately three weeks to complete once the retrofitted South Pond is
operational. Therefore, it is expected that the temporary supply pipe and bulkheads will be removed by the
late December 2021.

3.4.5 PHASE 5: INSTALL TEMPORARY IMPOUNDMENT IN NORTH POND

Once the retrofitted South Pond is operational, the General Work Contractor will begin repurposing the North
Pond into a non-CCR waste water basin. As previously stated, this conversion will be accomplished by
repurposing the southern portion of the pond first, followed by the northern portion. In order to start
dewatering the CCR in the southern end of the pond, the LVW streams entering the North Pond will need to
be isolated from the area.
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In order to prevent LVW streams from entering the southern portion of the North Pond, a temporary
impoundment will be installed in the pond’s northwest corner to contain the waste during construction. The
temporary impoundment will be formed by excavating bottom ash stored in the area to form a bowl shape
with side slopes of 3H:1V or shallower. The excavated material will then be used to contract a dike between
the temporary LVW impoundment and the rest of the North Pond. Once the dike is constructed,
approximately 3,300 square yards of geomembrane will be temporarily placed on top of impoundment floor
and will be held in place with washed gravel for ballast (as needed). Finally, the LVW streams will then be

directed to the temporary impoundment and thus isolated from the rest of the North Pond.

Based on the amount of work needed to install the temporary LVW impoundment, it is anticipated that the
General Work Contractor will need approximately three weeks to complete this phase. However, this phase
can and is expected to be performed concurrently with Phase 4. Therefore, it is expected that the temporary

LVW impoundment will be installed by late December 2021.

3.4.6 PHASE 6: CLEAN CLOSE SOUTHERN PORTION OF NORTH POND

Once the LVW streams have been isolated to the temporary impoundment, the contractor can begin the
process of clean closing the southern portion of the new LVW Pond. However, given that approximately
310,000 cubic yards of CCR are expected to be removed from this area of the pond, it is anticipated that the
General Work Contractor will start removing material from this pond after the water level is drawn down in
the pond during Phase 1. The station regularly dredges material from the North Pond from an elevated area
within the pond limits, where the excavated ash is dewatered and then transported to FAR | Landfill for
disposal. It is expected that the contractor will follow a similar process to remove material from the North

Pond even while it continues operating during the South Pond retrofit work (Phases 1 through 3).

Following the diversion of LVW streams to the temporary impoundment, the CCR remaining in the North
Pond from the initial excavation work during Phases 1 and 3 will be dewatered using temporary pumps
located along the perimeter dikes. This water will be discharged to the Ohio River through Outfall 023 in strict

accordance with Cardinal’'s NPDES permit.

Once the water in the area has been removed, the General Work Contractor can begin removing CCR
material and any CCR-impacted soils (if any) from the southern portion of the North Pond. At this point, the
equipment in the aforementioned elevated dredging area will also be removed, including a 70-foot diameter,
40-foot tall metal cleaning waste tank and over 30 tons of auxiliary piping. All removed CCR and CCR-
impacted soils will be transported to FAR | Landfill for final disposal. Appropriate fugitive dust control
measures (e.g., water spray) will be implemented to minimize airborne CCR particulates while the CCR is
being handled. Finally, once all CCR and CCR-impacted soils have been removed, the southern portion of
the North Pond will be certified as clean-closed in accordance with 40 CFR 257.102(f)(3).
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Based on the amount of water, CCR, and equipment to be removed, it is anticipated that the General Work
Contractor will need about three months to complete this phase after the LVW impoundment is installed.

Therefore, it is expected that the southern portion of the North Pond will be clean-closed by early April 2022.

3.4.7 PHASE 7: INSTALL LINER SYSTEM IN SOUTHERN PORTION OF NORTH POND

As soon as the southern portion of the North Pond is certified as clean-closed, Outfall 023 will be relocated
and a new drainpipe will be installed to discharge LVW streams from the repurposed North Pond. About 160
linear feet of piping will be installed from the existing outfall structure through the eastern dike to create the
reconfigured Outfall 023.

While Outfall 023 is being reconfigured, an Ohio EPA NPDES-compliant liner will be installed in the clean-
closed, southern portion of the North Pond. This liner will consist of, from bottom to top, a 60-mil
geomembrane and a non-woven geotextile. Approximately 110,000 square yards of each geosynthetic
material is expected to be needed to line this area. As the liner is being installed, the LVW gravity piping will
be temporarily extended to the southern portion of the North Pond, while the pressurized piping will be

permanently rerouted to this area.

Once the LVW piping is reconfigured and the new liner is installed, the LVW streams will be directed to the
southern portion of the North Pond, marking the completion of alternative disposal capacity for the LVW
streams. Based on the amount of work required to install the liner system in the southern portion of the North
Pond, it is anticipated that the General Work Contractor will need approximately two months to complete this
phase. Thus, per the project schedule, it is expected that Cardinal will have alternative disposal capacity for

the non-CCR waste streams currently being sent to the existing BAP Complex by June 9, 2022.

3.4.8 PHASES 8 & 9: COMPLETE LINER INSTALLATION IN NORTH POND

Once the LVW lines are diverted away from the temporary impoundment, the northern portion of the North
Pond will be dewatered. All of the CCR material and CCR-impacted soils (if any) will be removed from this
area and from underneath the temporary impoundment. Upon removing the CCR and CCR-impacted soils,
the northern portion of the North Pond will be certified as clean closed per 40 CFR 257.102(f)(3). Afterwards,
any necessary leveling and grading work can occur as specified in the construction drawings. Once the
grading work is complete, an Ohio EPA NPDES-compliant liner system can be installed. Immediately
thereafter, the entire North Pond will have been repurposed, can refill to its normal operating water level, and

can begin operating exclusively as an LVW pond.

This phase of the project will begin after the southern portion of the North Pond starts receiving LVW streams
on June 9, 2022. Given the amount of material to be removed and the area to be lined, it is expected that the

entire LVW pond will be operational by the end of August 2022.
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4.0 PROJECT SCHEDULE: PROGRESS TO DATE

This section presents a narrative of the progress the Cardinal Operating Company has made in retrofitting
the South Pond and repurposing the North Pond for the BAP Complex’s CCR and non-CCR waste streams,
respectively. The project was authorized in April 2020, and the engineering and design work commenced
shortly thereafter.

To date, the Cardinal Operating Company has finished preparing the project design basis, general
arrangement drawings, and an updated cost estimate. In addition to these general engineering and design
tasks, many of the discipline-specific activities are underway. Most of the P&IDs for the project have been
prepared and issued for design, including the diagrams for the new FGD blowdown line, tie-ins to existing
plant systems (bottom ash, recirculation, LVW, and service water). Finally, A 25% design review meeting
was held to discuss the engineering and design work accomplished thus far in early September, and a
follow-up meeting is scheduled for the end of November 2020 when the design work is expected to be about
60% complete. In addition, the Cardinal Operating Company is currently in the process of finalizing Ohio
permitting requirements for the Engineering and Surface Water Controls, NPDES, and Dam modifications.

These permit applications are expected to be submitted to the appropriate agencies prior to the end of 2020.

Finally, the Cardinal Operating Company has obtained a topographic and bathymetric survey of the BAP
Complex area to provide the necessary design inputs for the engineering and design work to reconfigure the
area. The initial survey was received at the end of August 2020 and was finalized a few weeks thereafter in
late September 2020.
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6.0 Certification of Compliance

To demonstrate that the criteria in 40 CFR § 257.103(f)(1)(iii) has been met, the following
information is provided pursuant to 40 CFR § 257.103(f)(1)(iv)(B) to demonstrate that the Bottom
Ash Pond is in compliance with the CCR Rule.

6.1 Owners Certification of Compliance

In accordance with 40 CFR § 257.103(f)(1)(iv)(B)(1), I hereby certify that, based on my inquiry
of those persons who are immediately responsible for compliance with environmental regulations
at Cardinal Power Plant, the Bottom Ash Pond is in compliance with all requirements contained
in 40 CFR § 257 Subpart D.

Thomas M. Alban
Vice President
October 30, 2020

K S 7T

6.2 Compliance Documents

In accordance with 40 CFR§ 257.103(f)(1)(iv)(B)(2) through (B)(8), the following documents are
provided below:

§257.103(H)(1)(iv)(B)(2)(i)-(iii) — Maps of groundwater monitoring wells relative to CCR Unit,
well construction and drilling logs, and seasonal groundwater flow maps.

§257.103(H(1)(iv)(B)(3) — Groundwater monitoring results through first 2020 Semi-Annual
monitoring period. In addition, the most recent Annual Groundwater Report (January 2020) is also
provided for reference.

§257.103(f)(1)(iv)(B)(4) — Description of site geology and stratigraphic cross sections. Text is

provided from the Groundwater Monitoring Network Report in accordance with §257.91.

§257.103(f)(1)(iv)(B)(5) — Corrective Measures Assessment — Not applicable, the Bottom Ash
Pond is currently in Assessment Monitoring and does not exceed Groundwater Protection



Standards.

8257.103(f)(1)(iv)(B)(6) — Remedy Selection Report — Not applicable, as described above, the
Bottom Ash Pond is currently in Assessment Monitoring and no remedy selection report is
required.

§257.103(f)(1)(iv)(B)(7) — Structural Stability Assessment pursuant to §257.73(d) was completed
in October 2016. The next Stability Assessment will be completed prior to October 2021.

§257.103(f)(1)(iv)(B)(8) — Safety Factor Assessment pursuant to §257.73(e) was completed in
October 2016. The next Safety Factor Assessment will be completed prior to October 2021.



40 CFR 257.101 (f)(1)(iv)(B)(2)(i)

Maps of Groundwater monitoring well locations in relation to CCR Unit
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Well construction diagrams and drilling logs for all groundwater
monitoring wells



EXPLANATION OF SYMBOLS AND TERMS USED ON BORING LOGS
FOR SAMPLING AND DESCRIPTION OF SOIL
SAMPLING DATA

- Blocked-in "SAMPLES" column indicates sample was attempted and recovered within this depth
interval.

=

Sample was attempted within this interval but not recovered.

2/5/9 - The number of blows required for each 6-inch increment of penetration of a "Standard" 2-inch O.D.
split-barrel sampler, driven a distance of 18 inches by a 140-pound hammer freely falling 30 inches.
Addition of one of the following symbols indicates the use of a split-barrel other than the 2" O.D.

sampler:
2S| - 2%"0.D. split-barrel sampler
3S - 3" O.D. split-barrel sampler
P - Shelby tube sampler, 3" O.D., hydraulically pushed.
R - Refusal of sampler in very-hard or dense soil, or on a resistant surface.
50-2" - Number of blows (50) to drive a split-barrel sampler a certain number of inches (2), other than the

normal 6-inch increment.
S/D - Split-barrel sampler (S) advanced by weight of drill rods (D),
S/H - Split-barrel sampler (S) advanced by combined weight of rods and drive hammer (H).

SOIL DESCRIPTIONS

All soils have been classified basically in accordance with the Unified Soil Classification System, but this system
has been augmented by the use of special adjectives to designate the approximate percentages of minor
components as follows:

Adjective Percent by Weight
trace 1to 10
little 11 to 20
some 21to 35
"and" 36 to 50

The following terms are used to describe density and consistency of soils:

Term (Granular Soils) Blows per foot
Very-loose Less than 5
Loose 5to 10
Medium-dense 11 to 30
Dense 31 to 50
Very-dense Over 50
Term (Cohesive Soils) Qu (tsf)
Very-soft Less than 0.25
Soft 0.25t00.5
Medium-stiff 0.5t0 1.0
Stiff 1.0t0 2.0
Very-stiff 2.0t0 4.0
Hard Over 4.0
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Page 1 of 2 LOG OF BORING NO. MW-BAP-1
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

2010 NEW DEFAULT BORING LOG-W/ N60

LOCATION:  N. 820,305, E. 2,513,927 ELEVATION:  669.8 DATE: 12/4/15 - 12/10/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 52.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
c [ mEm L - n . NATURAL CONSISTENCY INDEX
a EE 2RE R - = = ~JATURAL MOISTURE CONTENT TEST
2 EEEEE 2|2 53 DESCRIPTION N RESULTS
Q0 % % % % = é A 4PLASTIC LIMITlLIQUID LIMIT
AGGREGATE - 34 INCHES 10 20 30 40
47
1 34 | 75 | 100
66
667.0 4
2 />1. | 64 | 100| FILL: Hard brown silty clay, some fine to coarse H=3.0
0 sand, some fine to coarse gravel, cobbles, moist.
665.3 15
L5 3 6, 18 | 27 | FILL: Medium-dense gray fine to coarse grave,
; 8 little to some fine to coarse sand, trace silt to
4 o | 59| 67 some silty clay, cobbles, dry.
662.8 /5
7 FILL: Stiff to very-stiff brown silty clay, some to
5 4, | 11} 87 | "and" fine to coarse sand, some fine to coarse H=2.5
o 5 gravel, contains fine to coarse sand seams and
6 / ) 19 | 100 | sandstone fragments, damp. H=3.0
=10+ p 4
7 s 16 | 100 H=2.5-3.5
658.3 /s
10 FILL: Medium-dense fine to coarse gravel, some
8 8, | 19167 to"and" fine to coarse sand, some clayey silt,
3 7 damp becoming moist.
/
1|1
’ 3 p 001 g pocket of sand at 14.5'.
e 5
157 10 /3 |13 | 53 H=125
653.8 /s
4, Stiff gray clayey silt, "and" fine to coarse sand,
1 3, | 8] 67| little to some fine gravel, moist. H=1.25
652.3 3
3, Loose brown fine to coarse sand, "and" silty clay,
12 2, | 8 33| some fine to coarse gravel, moist. H=1.0
650.6 Z 4
/ Loose to medium-dense brown fine to coarse _
ol 13 g |16 | 93 n-denl H=4.5
20 /s gravel, some to "and" fine to coarse sand, some
4 silty clay, damp to moist.
14 / 6, | 1480
5
5
15 /g/ 15 | 67
4
6
16 '3 16 |8
)
[ 25,
643.8
4, Hard brown mottled with gray and dark-graysilty | |~ f -}~ 1
17 4, | 11173 clay, little fine to coarse sand, trace fine to coarse | . f ..} L . H=3.040
¥y 5 gravel (shale fragments), slightly organic, damp. |44t bl
641.0 2 S N [ N NN
18 /5 4 | 100 | Stiff dark-brown clayey silt, little to some fine to T T H=125225
(300 / medium sand, slightly organic, damp. RN EEEEE EERE B
SYMBOLS USED TO INDICATE TEST RESULTS o .
WATER LEVEL: £ 31.0 Y s G-Gradation see | - penctrometer (tor)| 'l Rod EnergyRatio: 0.75
WATER NOTE: __ Inside HSA ~  InsideWell | - B Uncon Comp Separate| W-Unit Dry Wt (pcf) Last Calibration Date : 8/2/2013
DATE: 12/7/15 12/15/15 g _ gg;:glComp Curves D - Relative Dens (%) Drill Rjg Number: S&ME
JOB: 7217-15-007B -CONTINUED- ATVS50-2
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2010 NEW DEFAULT BORING LOG-W/ N60

Page 2 of 2

LOG OF BORING NO. MW-BAP-1

BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

JOB: 7217-15-007B

LOCATION:  N. 820,305, E. 2,513,927 ELEVATION:  669.8 DATE: 12/4/15 - 12/10/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 52.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m ~ m NATURAL CONSISTENCY INDEX
a EE =@ 2 2 % - = = ~JATURAL MOISTURE CONTENT TEST
3 EEEEEs g s 5g DESCRIPTION e —— REsuLTS
?0 Az v v A ém 4PLASTIC LIMIT4LIQUID LIMIT
10 20 30 - 40
638.8 v
SH 1 Very-soft to medium-stiff brown, gray and
19 ng 0 | 100 | dark-gray organic clayey silt, little fine sand, H=0.0-0.25
H contains silt seams and lenses, contains seams of
fine to coarse sand, wet.
St
20 s]-g 0 | 100 H=0.0-0.75
L35 H
St
21 s]-g 0 | 100 H=0.0-0.75
H
22A 0 | 100
630.7 g SI}S _ H=1.0-1.5
H Very-loose gray fine to coarse sand, interbedded
40| 22€ 1 with silty clay seams, wet.
628.8
1 y Loose brown fine to coarse sand, trace fine
23 2 6 | 60 | gravel, trace silt, wet.
/ 3
626.8
Dense brown fine to coarse gravel, some to "and"
fine to coarse sand, trace silt.
[ 45,
13
24 / 17, | 50| 47 G
23
19
5 W 14 |40 67
/
- 50 18
618.8
9 ) Medium-dense brown fine to coarse sand, trace
26 7, | 191 47| fine gravel, trace clay.
| 617.3 8/ | -
- Encountered water at 31.0'.
55 - Encountered cobbles at 4.4 and 18.2".
- Borehole converted to monitoring well upon
completions. See separate well completion
diagram.
- Boring locations and elevation surveyed by
AEP.
- Datum: Ohio State Plane South.
- NAD 27/NAVD 29 (Plant Grid).
—60- SYMBOLS USED TO INDICATE TEST REéL}L:T:S - .: — :. —
WATER LEVEL: £ 31.0 Y s G-Gradation see | - penctrometer (tor)| 'l Rod EnergyRatio: 0.75
WATER NOTE: __ Inside HSA ~ _ Inside Well % - ITJHFOH gomp Separate| W-Unit Dry Wt (pcf) Last Calibration Date : 8/2/2013
DATE: 12/7/15 12/15/15 c- Cg;:il ; °"P | curves | D-Relative Dens (%) Drill Rig Number : S&ME
ATV 5502
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2010 NEW DEFAULT BORING LOG-W/ N60

Page 1 of 2 LOG OF BORING NO. MW-BAP-2
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 819,792, E. 2,513,707 ELEVATION:  669.9 DATE: 12/2/15 - 12/4/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 45.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m SIS NATURAL CONSISTENCY INDEX
a E & =@ 2 2 % - = = ~JATURAL MOISTURE CONTENT TEST
d & E <§C % <§C % & £ 2 Eﬂ) DESCRIPTION X—@ X RESULTS
QO Az v v A é Fa 4PLASTIC LIMIT4LIQUID LIMIT
AGGREGATE - 23 INCHES 10 20 30 40
19
668.0 1 |45 87
Ins FILL: Dense to very-dense dark-gray fine to
25/ coarse sand, trace to little fine gravel, trace to
666.3 2 33, 79 | 47 | little silt, moist.
3 30 FILL: Stiff to hard brown and dark-brown silty
/ clay, some to "and" fine to coarse sand, little to _
3 11 |24 60 H=2.0
-5 /g some fine to coarse gravel, few pockets of gravel,
11 dry becoming damp.
4 / 9, | 30| 67 H=4.5
15
8
5 / 9, | 28|80
13
4
6 ‘e | 19| 60
/
=10+ ; 9
7 / 5, | 13w
5
4
8 o | 23| 80 H=2.0-4.5
/
8
2
9 's |14 53 H=2.5
655.4 /3
154 3, FILL: Medium-stiff to very-stiff brown mottled
10 6, | 14| 67 | with gray silty clay, some fine to coarse sand, H=3.5
5 5 little fine to coarse gravel, moist.
1 '3 |9 |8 H=1.0-2.25
/
4
3
12 /3 110 | 67 H=0.75-1.5
/
5
650.3 3 /
Lol B3 3, 9 | 87 | FILL: Very-loose to loose dark-gray fine to H=2.0
3 4 coarse sand, trace to little fine gravel, little silt,
14 / 4, |96 moist becoming wet.
S .
15 ZH] 3 o | 100| - Contains sand seams at 20.0' to 20.3".
1
S
16 7 1 3 | 100
/
1
ST 1257 g g 31100 H=0.5
643.9 y . FILL: Very-loose dark-gray silt, trace fine to )
s coarse sand, slightly organic, wet.
18 SH 0 | 53 | Stiff gray mottled with brown silty clay, some H=2.0
3 fine sand, trace medium to coarse sand, slightly
641.9 organic, silt seams, damp.
sy Medium-stiff dark-gray organic clayey silt, little :
Y19 S| 0 | 100 fine sand, damp. =10
7307 NN N I NN
WATER LEVEL: Y 29 Y T Cradations son | g merrierirer (g, Prill Rod Energy Ratio: 0.75
WATER NOTE: __ InsideWell % i ITJHFOH gomp Separate| W-Unit Dry Wt (pcf) Last Calibration Date : 8/2/2013
DATE: 12/15/15 C o ConoX MOMP ) curves | D-Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATVS50-2

PLATE 5




2010 NEW DEFAULT BORING LOG-W/ N60

JOB: 7217-15-007B

Page 2 of 2 LOG OF BORING NO. MW-BAP-2
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 819,792, E. 2,513,707 ELEVATION:  669.9 DATE: 12/2/15 - 12/4/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 45.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m ~ SIS NATURAL CONSISTENCY INDEX
> EE— S S =Sy ATURAL MOISTURE CONTENT TEST
R RS DESCRIPTION e RESULTS
?0 Az v v A ém 4PLASTIC LIMIT4LIQUID LIMIT
639.4 10 20 30 40
Stiff gray mottled with brown silty clay, little fine
SH 1 sand, trace medium to coarse sand, slightly
20 2, ) 5 100 | oroanic, damp. H=1.5
636.2 |
21 /5 g | 100 | Loose fine to coarse sand, trace fine gravel, little H=15
/ to some silt, slightly organic, moist.
6344 | 5 :
Loose brown fine to coarse sand, trace fine
Ly gravel, trace to little silt.
22 4, | 10|53
4
2
23 I5 15 | 67 G
/
- 40— 2
2
24 / 2, | 6 | 100
3
2
25 / 2, |5 |00
[ 624.9 | 45- 2%
- Encountered water at 14.5'". to 16.0'.
- Borehole converted to monitoring well upon
completion - See separate well completion
digram.
- Boring location and elevation surveyed by AEP.
- Datum: Ohio State Plane South
507 -NAD 27/NAVD 29 (Plant Grid).
[ 55,
*60* NN N I NN
WATER LEVEL: Y 29 Y T Cradations son | g merrierirer (g, Prill Rod Energy Ratio: 0.75
WATER NOTE: _ Inside Well 9z Uncon gom%Separate W-Unit Dry Wt (pcf) | LastCalibration Date: 8/2/2013
DATE: 12/15/15 C o ComoX ~OMP ) curves | D-Relative Dens (%) Drill Rig Number : S&ME
ATV 5502

PLATE 6




2010 NEW DEFAULT BORING LOG-W/ N60

Page 1 of 3 LOG OF BORING NO. MW-BAP-3
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

LOCATION: N. 819,111, E. 2,513,519 ELEVATION:  669.9 DATE:  11/11/15 - 11/12/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 55.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
c [ mEm L - n . NATURAL CONSISTENCY INDEX
2 EE 2R R = ~NATURAL MOTSTURE CONTENT TEST
B EEEERIRE DESCRIPTION e resuirs
QO Az v v A é Fa 4PLASTIC LIMIT4LIQUID LIMIT
AGGREGATE - 12 INCHES 10 20 30 40
668.9
20 FILL: Medium-dense to dense gray and brown
1 12, | 28 | 87 | fine to coarse gravel, some to "and" fine to coarse H=3.5
0 10 sand, little to some silt or silty clay (variers),
2 /13/ 39 | go | contains pockets of fine to coarse sand, dry. H=4.0
18
10
53 / 14, | 43| 67
20
3
4 /22/ 44 | 100
13
9
5 1 |25 67
661.4 Iy
3, FILL: Hard gray and brown silty clay, some fine
600 6 10, | 29 11001 to coarse and, little fine to coarse gravel, damp. H=4.5+
=10 13
1, FILL: Very-dense fine to coarse black and gray
7 27, | 71} 67 | sand, some fine to coarse gravel, damp.
658.4 30
6, FILL: Very-stiff brown silty clay, some to "and"
8 6, | 19100} fine to coarse sand, some fine to coarse gravel, H=3.5
5 9 damp.
9 ha | 35| 87 H=3.5-4.0
655.4 / 14
154 4, FILL: Loose to medium-dense brown fine to
10 5, | 14| 80| coarse gravel, some to "and" fine to coarse sand,
6 6 some silty clay, damp to moist.
/ _
11 14 | 80 . . H=4.5
6 5 - Contains zones of hard silty clay at 16.0'.
2
12 / 4, | 13|93
6
! /
13 4 8 | 67
649.4 | 20 /Yy
2, Medium-stiff to stiff brown clayey silt, "and" fine .
14 3, | 9 | 3| tocoarse sand, some fine to coarse gravel, wet. - H=1.0-2.0
647.3 15A 2 / 6 | 100 - H=0.5
15B 2 Loose gray fine to medium sand, trace coarse ‘
5 / gray
| 3 sand, trace fine gravel, little silt, wet.
16 /3/ 5 | 100
| 55| 1
6444 | 2
Very-loose gray silt, little fine to medium sand,
1 / wet.
17 1 0 | 100
S
641.9 <
) Soft to stiff dark-brown mottled with dark-gray L
Ly slithly organic to organic clayey silt, little to some e
18 2, 8 1100| fine to medium sand, contains silt seams, fine - opecc el HELOALS
-30- SYMBOLS USED TO INDICATE TEST RESULTS P ———
WATER LEVEL: ¥ 28.2 Y G-Gradation see | - penctrometer (tor)| 'l Rod EnergyRatio: 0.75
WATERNOTE: __ InsideWel | Q-Uncon Complg ol yy-unit Dry Wt (pcf) | LastCalibration Date: 8/2/2013
- p Y b
DATE: 12/11/15 g _ gg;:gl?omp Curves D - Relative Dens (%) Drill Rig Number: S&ME
JOB: 7217-15-007B -CONTINUED- ATVS50-2

PLATE 7




2010 NEW DEFAULT BORING LOG-W/ N60

Page 2 of 3 LOG OF BORING NO. MW-BAP-3
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 819,111, E. 2,513,519 ELEVATION:  669.9 DATE:  11/11/15 - 11/12/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 55.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m m NATURAL CONSISTENCY INDEX
a E & =@ 2 2 % - = = ~JATURAL MOISTURE CONTENT TEST
d & E <§C % <§C % & £ 2 Eﬂ) DESCRIPTION X—@ X RESULTS
?0 Az v v A é Fa 4PLASTIC LIMIT4LIQUID LIMIT
sand seams and roots, wet. 10 20 30 40
Soft to stiff dark-brown mottled with dark-gray
19 1 /y 4 s | 100 slithly organic to organic clayey silt, little to some
/ ine to medium sand, contains silt seams, fine
fine t d d t It fi
2 sand seams and roots, wet.
S
20 ]?2 / 4 | 100
| 25| 1
6344 | 3O
Soft to medium-stiff dark-brown mottled with
SH gray slightly organic to organic clayey silt, some
2 2, 1 4 1100 {0 'and" fine to medium sand, wet.
S
22 l? 1/ 4 | 100
L 40 2
6294 | 40
Soft to medium-stiff gray mottled with brown
Sl} silty clay, trace to some fine to coarse sand,
23 2, 1 4 1100 | glightly organic, contains fine sand seams, wet.
S
24 I?4 14 | 100
6249 | o /5
Medium-dense to very-dense brown fine to coarse
. g.ravela some to "and" fine to coarse sand, trace to
’s 2 ) 35 | 80 little silt, wet.
17 - Contains zones of fine to coarse sand at 49.0'.
22
26 /35/ 75 | 53 G
- 50 25
21
7l s |20 33
/
8
6149 | 55| || | | e
- Encountered seepage at 16.0".
- Encountered water at 20.5'.
- Borehole converted to monitoring well upon
completion - See separate well completion
diagram.
6 - Datum: Ohio State Plane South. NAD SR T
WATER LEVEL: 282 Y S Gradation Tsoe:NDICiT_EP::SEr:jZEZfS (tor,|Drill Rod Energy Ratio: 0.75
WATERNOTE: __ InsideWell =~ | @-Uncon Comblg o ave| y-unit Dry wt (pcf) | LastCalibration Date: 8/2/2013
DATE: ___12/11/15 ¢ Conos1 ™) curves | D-Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATVS50-2

PLATE 8



2010 NEW DEFAULT BORING LOG-W/ N60

Page 3 of 3 LOG OF BORING NO. MW-BAP-3

BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

LOCATION: N. 819,111, E. 2,513,519

ELEVATION:  669.9 DATE: 11/11/15 - 11/12/15

JOB: 7217-15-007B

DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 55.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ;[ m A mE = M NATURAL CONSISTENCY INDEX
a EE = E.‘.ﬂ Sl % - E] S ﬁATURAL MOISTURE CONTENT TEST
A HARH: DESCRIPTION e ResULTS
%0 iz v v = ém 4‘PLAST‘IC LIMI‘T‘4LI‘QI‘JID LIMIT
27/NAVD 29 (Plant Grid). S 10 20 - 30 - 40
,65,
,70,
,75,
,80,
,85,
~90- SYMBOLS USED TO INDICATE TEST REéL}L:T:S : - T — .: k
WATER LEVEL: Y 282 Y G- Gradation sce | 1 pencrromerer (iop)|PYill Rod Energy Ratio: 075
WATER NOTE: Inside Well %:g;s:g ggxp Separate| W-Unit Dry Wt (pcr) | Last Calibration Date: 8/2/2013
DATE: 12/11115 C - Coneol. ') Curves | D-Relative Dens (%) Drill Rig Number : S&ME
ATV 350-2

PLATE 9




Page 1 of 2 LOG OF BORING NO. MW-BAP-4
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

2010 NEW DEFAULT BORING LOG-W/ N60

LOCATION:  N. 820,880, E. 2,513,617 ELEVATION:  661.1 DATE:  11/20/15 - 11/23/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 40.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
c [ mEm L - n . NATURAL CONSISTENCY INDEX
a EE =@ 2 2 % - = = ~JATURAL MOISTURE CONTENT TEST
B EEEERIRE DESCRIPTION e rasuirs
QO Bz v H é Fa 4‘PLAST‘IC LIMI‘T‘lLI‘QI‘JID LIMIT
AGGREGATE - 12 INCHES 10 20 30 - 40
660.1
FILL: Medium-dense to dense gray and brown
1 39| 87 | fine to coarse gravel, some to "and" fine to coarse H=4.25-4.5
sand, little to some silt, dry.
2 18 | 53
6558 5 ° 20| 67
655.3 FILL: Very-soft brown and gray silty clay, "and"
4 31 | 87 |\fine to coarse sand, little fine to coarse gravel. o« | X G
FILL: Dense brown fine to coarse sand, little fine
653.6 5 20 n " . .
to coarse gravel, "and" clayey silt, cobbles, moist.
Stiff to very-stiff dark-brown mottled with
dark-gray silty clay, little fine to coarse sand, B R R EEE B
6 9 | 87 | trace fine gravel, slightly organic, damp. T ke — X H=2.030
1o SR T O
—H-12525
[ 15,
6449 S O I IS B
7 14 | 87 | Very-stiff brown mottled with gray silty clay, T me0as
little fine to medium sand, trace coarse sand, few [ [ |
cobbles, contains silt seams near top of stratum,
i damp.
8 18 —
297 100 — 122535
9 14 | 100 T T =30
10 14 | 100 NN NN EEEEY EERED ERENN P
7257 R R Y T
634.4 11A 9 100 ;;;;;;;;;;;;;;;;;ifészj
11B Medium-stiff to stiff brown clayey silt, "and" fine ———————1———1——1—"—"H=05-15
to medium sand, trace coarse sand, includes sand [~ | [ |
seams, moist.
12 4 | 100
-30- SYMBOLS USED TO INDICATE TEST REéL}L:T:S - .: — :.: k
WATER LEVEL: ¥ 18.7 Y G-Gradation sce | #- pomctromerer (rop Drill Rod Energy Ratio: 075
WATERNOTE: __ InsideWell =~ | @-Uncon Comblg o ave| y-unit Dry wt (pcf) | LastCalibration Date: 8/2/2013
DATE: 12/15/15 g - gg;:ifomp Curves | D-Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATV S50-2

PLATE 10



2010 NEW DEFAULT BORING LOG-W/ N60

JOB: 7217-15-007B

Page 2 of 2 LOG OF BORING NO. MW-BAP-4
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION:  N. 820,880, E. 2,513,617 ELEVATION:  661.1 DATE:  11/20/15 - 11/23/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 40.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m ~ SIS NATURAL CONSISTENCY INDEX
> | Ee2ER 2 = o & ATURAL MOISTURE CONTENT TEST
W % ZERAE S0 DESCRIPTION g T RESULTS
?0 Az v v A ém 4PLASTIC LIMIT4LIQUID LIMIT
630.6 Medium-stiff to stiff brown clayey silt, "and" fine 10 20 30 .. 40
g to medium sand, trace coarse sand, includes sand
! .
13 }?S H/ o | 100 seams, moist. .
! Very-loose brown and gray fine to medium sand, G
little to "and" silt (percent varies), contains zones
with a trace of coarse sand, wet.
s
14 SH/ 0 | 67
L35 1
S
15 ]7[1 3| 67
/
1
S
16 }7{5}% 0 | 100 G
[ 621.1 | 40 )
- Encountered water at 5.5'.
- Encountered cobbles at 18.5'".
- Borehole converted to monitoring well upon
completion - See separate well completion
diagram.
- Boring location and elevation surveyed by AEP.
457 - Datum: Ohio State Plane South, NAD
27/NAVD 29 (Plant Grid).
- 50,
[ 55,
*60* NN N N T NN
WATER LEVEL: Y 187 Y T Cradations son | g merrierirer (g, Prill Rod Energy Ratio: 0.75
WATER NOTE: _ Inside Well 9z Uncon gom%Separate W-Unit Dry Wt (pcf) | LastCalibration Date: 8/2/2013
DATE: 12/15/15 C o ConoX MOMP ) curves | D-Relative Dens (%) Drill Rig Number : S&ME
ATV 5502

PLATE 11




2010 NEW DEFAULT BORING LOG-W/ N60

Page 1 of 3 LOG OF BORING NO. MW-BAP-5
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

LOCATION: N. 820,052, E. 2,513,277 ELEVATION:  669.2 DATE:  11/24/15 - 11/25/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 62.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
c [ mEm L - n . NATURAL CONSISTENCY INDEX
a E & =@ 2 % - = = ~JATURAL MOISTURE CONTENT TEST
B EEEERIRE DESCRIPTION e resuirs
QO Az v v A é Fa = PLASTIC LIMIT4LIQUID LIMIT
AGGREGATE - 12 INCHES 10 20 30 40
668.2
6 ) FILL: Medium-dense brown fine to coarse sand,
1 8, | 24| 60 | some fine to coarse gravel, some to "and" silty
6 11 clay, dry.
2 / 5, |13 60
5
4
53 ‘4 13|73 ° G
663.7 "6
5 FILL: Hard gray and brown silty clay, "and" fine
4 / 51| 87 - H=4.5
9, to coarse sand, little to some fine to coarse gravel, :
6 32 damp.
5 ts. | 39| 80 H=4.5
660.7 6
10 FILL: Medium-dense brown and gray fine to
6 13, | 30 1 87 | coarse sand, little fine to coarse gravel, some silty LJ
692 L 10 11 clay, damp.
P FILL: Hard brown silty clay, some fine to coarse H=4.5
sand, some fine to coarse gravel (shale
fragments), damp.
3
7 /s 119 | 80 H=4.5
655.7 o
10 FILL: Medium-dense to dense brown fine to
8 11, | 45 | 80| coarse gravel, some fine to coarse sand, some H=3.0
151 " 25 silty clay becoming trace silt at bottom of stratum,
9 /7/ 16 damp.
6
652.3 10A 4 20 | 100
10B ‘6 Medium-stiff to stiff gray mottled with dark-gray
o and brown silty clay, trace fine to coarse sand,
trace fine gravel, few roots, few silt seams,
p slightly organic, moist.
[ 20,
S —
11 1 / 5 | 100 K 8=0.5-1.25
3
646.2
Medium-stiff to very-stiff brown mottled with
.y gray silty clay, trace to little fine to coarse sand,
12 2 8 | 100 dami H=3.5
/ p.
L 25- 4
- P . ﬁ. .
P
-30- SYMBOLS USED TO INDICATE TEST REéL}L:T:S - .: — :.: k
WATER LEVEL: 271 Y G-Gradation see | n- penctrometer (tor)| 'l Rod EnergyRatio: 0.75
WATERNOTE: __ InsideWell =~ | @-Uncon Comblg o ave| y-unit Dry wt (pcf) | LastCalibration Date: 8/2/2013
DATE: 12/15/15 g - gg;:ifomp Curves | D-Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATV S50-2

PLATE 12




2010 NEW DEFAULT BORING LOG-W/ N60

Page 2 of 3 LOG OF BORING NO. MW-BAP-5
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION:  N. 820,052, E. 2,513,277 ELEVATION:  669.2 DATE:  11/24/15 - 11/25/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 62.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m NATURAL CONSISTENCY INDEX
a EE = E.‘.ﬂ Sl E E] S ﬁATURAL MOISTURE CONTENT TEST
A l=3555=5 2] &8 |SQ DESCRIPTION
B AR5 < s 2 <2 X RESULTS
30 Az |4 »n H ©n PLASTIC LIMIT LIQUID LIMIT
Medium-stiff to very-stiff brown mottled with 10 20 30 40
5 gray silty clay, trace to little fine to coarse sand,
N K 4, | 13100 damp. H=2.0-3.5
6
3
14 / 4, | 11|10 H=2.5-3.0
L35 5
2
15 / 5, | 14 ] 100 H=2.5
6
2
16 / 3, | 10| 100 H=2.5
- 40+ 5
S
17 l7{2/ 6 | 100 [ H=1.25
3
S
18 ]?s]-é 0 | 100 H=1.25
|45 H
6237 [P
Stiff gray mottled with brown and dark-gray silty
SH clay, trace fine to coarse sand, slightly organic,
19 s]-% 0 | 100 damp. H=0.75
1
621.2
Medium-stiff to stiff gray and dark-gray organic
SH clayey silt, trace fine to coarse sand, damp.
20 sfg 0 | 100 IH=0.75-1.25
20 H
6187 [ 20
Medium-dense to dense fine to coarse gravel, I I RN N
6/ some to "and" fine to coarse sand, trace to little SR R I I R
21 9, 23 | 87 | ilt. wet. B ¢
9 N NN SN NN BN
8 S N [ N NN
2 /21/ 69 | 87 NS EREEN EEE EEE R
613.8 557 34 —
Medium-dense to dense gray and brown fine to RN EERE NRE N RN
14/ coarse sand, "and" fine to coarse gravel, littlesilt, | === | -] o]
23 W 20, | 43| 80 | wet, SN ENNE) ENST) NNS R
14 S EEEEE S SRR -
7 EURUR NSRS I IR NRN
2 W 1o, | 35| 60 N ENEN EENE B B ©
—60- SYMBOLS USED TO INDICATE TEST REéL}L:T:S —
V2 v , i 0: 0.
WATER LEVEL: = '27.1 - G : Gradation See H - Penctrometer (tsf) Drill Rod Fnerfgy Ratio: 0.75
WATER NOTE: Inside Well %_;{“?O“ gomp Separate| W-Unit Dry Wt (pcf) | Last Calibration Date: 8/2/2013
DATE: 12/15/15 C-cConsol. '®) curves | D-Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATV SSE-2

PLATE 13



Page 3 of 3 LOG OF BORING NO. MW-BAP-5
BOTTOM ASH POND MONITORING WELL INSTALLATION
CARDINAL PLANT, BRILLIANT, OH

2010 NEW DEFAULT BORING LOG-W/ N60

LOCATION: N. 820,052, E. 2,513,277 ELEVATION:  669.2 DATE:  11/24/15 - 11/25/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 62.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. ' m A m m ~ SIS NATURAL CONSISTENCY INDEX
a EE =@ 2 2 % - = = ~JATURAL MOISTURE CONTENT TEST
2 [BEZEEZ E|2 58 DESCRIPTION R —— ResuLTS
%0 Az v v A ém 4PLASTIC LIMIT4LIQUID LIMIT
Medium-dense to dense gray and brown fine to 10 20 30 40
coarse sand, "and" fine to coarse gravel, little silt,
8, 16 wet.
25 4 | 11 ] 60
| 606.7 o N
- Encountered water at 17.0'.
651 - Borehole converted to monitoring well upon
completion. See separate well completion
diagram.
- Boring location and elevation surveyed by AEP.
- Datum: Ohio State Plane South NAD 27/NAVD
29 (Plant Grid).
[ 70,
[ 75,
[ 80,
[ 85,
-90- SYMBOLS USED TO INDICATE TEST REéL}L:T:S - .: — :. —
WATER LEVEL: ¥ 27.1 Y G- Gradation sce | 1-pencrromerer (sop)|PYill Rod Energy Ratio: 075
WATERNOTE: __ InsideWell =~ | @-Uncon Comblg o ave| y-unit Dry wt (pcf) | LastCalibration Date: 8/2/2013
DATE: 12/15/15 g - gﬁ;:ifomp Curves | D-Relative Dens (%) Drill Rig Number : S&ME

ATV 350-2
PLATE 14

JOB: 7217-15-007B



Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
672.65 -2.86 Top of Cover —
~ P 4 - Inch Diameter Protective Steel Casing
672.29 -2.50 Top of PVC .
— 2 -Inch Diameter Flush-Thread PVC Casing
669.79 0.0 Ground Surface Ground Surface
667.2 2.6 Top of Grout ~— Concrete
.— Boring Diameter (in inches)
8 " 0.0 to 52.0
" to
" to
™— Grout: Portland & Quick Gel
7
638.9 30.9 Top of Bentonite A
1 -~ Bentonite Seal: 3 -5 gallon buckets (15 gal.)
7 bentonite pellets
632.2 37.6 Top of Filter Pack
10 - Slot Screen
628.2 41.6 Top of Screen Openings
_ //_ Filter Pack: 4 - 50 Ib bags (200 Ib.) #5 quartz sand
— o
618.4 51.4 Bottom of Screen Openings -
617.8 52.0 Bottom of Well
(NOT TO SCALE)
617.8 52.0 Bottom of Boring
Depth to Static Water:[ 28.7 275
Static Water Elevation:| 638.6 639.8
Date:| 12/11/15 | 12/15/15

Well Development:

12/10 - Bailed 175 gallons of water (approx. 41 well volumes) via submersible pump. Water
level stayed steady during pumping. NTU =7 at 155 gallons, but increased to NTU = 12
upon terminating pump. Bailed additional 20 gallons during which initial NTU readings were
intially high but decreased to NTU = 25.4.

-Water level measurement on 12/15 was immediately before slug testing.

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

Project Location:
Cardinal Plant / Brilliant, Ohio

Water Quality Readings (Horiba U-52)

Project Number:
7217-15-007A

ms/cm PH ORPmMV
1.31 7.15 -6

Cumulative Gallons  NTU (¢}
175 254 18.09

Boring Number:
MW-BAP-1

Datum: NAD27/NGVD29 OH S

Location: N. 820,305.3" E. 2,513,927.4'

Date Well Installed:
12/10/2015

File Name: 7217-15-007B Monitoring Well Logs




Y — 4 - Inch Diameter Protective Steel Casing

— 2 -Inch Diameter Flush-Thread PVC Casing

to 445

to

to

3 -5 gallon buckets (15 gal.)

bentonite pellets

~"— Filter Pack: 9 -50 Ib. bags (450 Ib.) #5 quartz sand

Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
673.47 -3.55 Top of Cover
673.24 332 |TopofPVC N
669.92 0.0 Ground Surface Ground Surface
667.3 2.7 Top of Grout __ Concrete
__— Boring Diameter (in inches)
g "
//} ™~ Grout: Portland & Quick Gel
7
7
644.2 25.7 Top of Bentonite ‘.
e %1 -~ Bentonite Seal:
K X | <A
638.2 31.7 Top of Filter Pack
10 - Slot Screen
635.8 34.1 Top of Screen Openings
_ ~
626.0 43.9 Bottom of Screen Openings —
625.4 44.5 Bottom of Well
(NOT TO SCALE)
624.9 45.0 Bottom of Boring
Depth to Static Water:[ 29.5 29.2
Static Water Elevation:| 637.2 637.4
Date:| 12/11/15 | 12/15/15

Well Development:

12/10 - Bailed 60 gallons of water (approx. 20 well volumes) out of well via submersible

pump, water level stayed steady.
-Water level measurement on 12/15 was immediately before slug testing.

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

Water Quality Readings (Horiba U-52) |

Project Location:
Cardinal Plant / Brilliant, Ohio

Cumulative Gallons  NTU C ms/cm PH ORPmMV
60 0 17.25 0.99 6.97 47

Project Number:
7217-15-007A

*Note: NTU readings were variable, water appeared visibly clear

Location: N. 819,792.3"' E. 2,513,707.1"
Datum: NAD27/NGVD29 OH S

Boring Number:
MW-BAP-2

Date Well Installed:

12/2/2015

File Name: 7217-15-007B Monitoring Well Logs




Y — 4 - Inch Diameter Protective Steel Casing

— 2 -Inch Diameter Flush-Thread PVC Casing

to 56.0

to

to

3 -5 gallon buckets (15 gal.)

bentonite pellets

~"— Filter Pack: 5 -50 Ib. bags (250 Ib.) #5 quartz sand

Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
673.26 -3.33 Top of Cover
672.84 291 |TopofPVC N
669.93 0.0 Ground Surface Ground Surface
667.4 2.5 Top of Grout __ Concrete
__— Boring Diameter (in inches)
g "
//} ™~ Grout: Portland & Quick Gel
7
7
632.5 37.4 Top of Bentonite ‘.
e %1 -~ Bentonite Seal:
K X | <A
626.5 43.4 Top of Filter Pack
10 - Slot Screen
624.5 45.4 Top of Screen Openings
_ ~
614.5 55.4 Bottom of Screen Openings —
613.9 56.0 Bottom of Well
(NOT TO SCALE)
613.9 56.0 Bottom of Boring
Depth to Static Water:[ 28.2 28.0 28.2
Static Water Elevation:| 638.8 639.1 638.8
Date:| 11/29/15 | 12/8/15 | 12/11/15

Well Development:

11/17 - Bailed 62.5 gallons of water (approx. 15 well volumes) out of well via submersible

pump, water level stayed steady.
-Water level measurement on 12/8 was immediately before slug testing.

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

Water Quality Readings (Horiba U-52) |

Project Location:
Cardinal Plant / Brilliant, Ohio

Cumulative Gallons  NTU C ms/cm PH ORPmMV
62.5 4.7 18.09 0.7 6.92 50

Project Number:
7217-15-007A

Location: N. 819,112.0' E. 2,513,519.4'
Datum: NAD27/NGVD29 OH S

Boring Number:
MW-BAP-3

Date Well Installed:

11/13/2015

File Name: 7217-15-007B Monitoring Well Logs




Y — 4 - Inch Diameter Protective Steel Casing

— 2 -Inch Diameter Flush-Thread PVC Casing

to 39.3

to

to

3 -5 gallon buckets (15 gal.)

bentonite pellets

~"— Filter Pack: 7 - 50 Ib. bags (350 Ib.) #5 quartz sand

Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
663.80 -2.75 Top of Cover
663.54 249 |TopofPVC N
661.05 0.0 Ground Surface Ground Surface
658.4 2.7 Top of Grout __ Concrete
__— Boring Diameter (in inches)
g "
//} ™~ Grout: Portland & Quick Gel
7
7
639.5 21.6 Top of Bentonite ‘.
e %1 -~ Bentonite Seal:
K X | <A
634.2 26.9 Top of Filter Pack
10 - Slot Screen
632.2 28.9 Top of Screen Openings
_ ~
622.4 38.7 Bottom of Screen Openings —
621.8 39.3 Bottom of Well
(NOT TO SCALE)
621.1 40.0 Bottom of Boring
Depth to Static Water: 18.8 18.7
Static Water Elevation:| 639.8 639.9
Date:| 12/11/15 | 12/15/15

Well Development:

12/3 - Bailed 67.5 gallons of water (approx. 18 well volumes) out of well via submersible

pump, water level stayed steady.
-Measurement on 12/15 was immediately before slug testing.

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

Water Quality Readings (Horiba U-52) |

Project Location:
Cardinal Plant / Brilliant, Ohio

Cumulative Gallons  NTU C ms/cm PH ORPmMV
67.5 8.8 16.7 1.78 6.36 -7

Project Number:
7217-15-007A

Location: N. 820,879.5' E. 2,513,616.9'
Datum: NAD27/NGVD29 OH S

Boring Number:
MW-BAP-4

Date Well Installed:

11/23/2015

File Name: 7217-15-007B Monitoring Well Logs




Y — 4 - Inch Diameter Protective Steel Casing

— 2 -Inch Diameter Flush-Thread PVC Casing

to 62.1

to

to

3 -5 gallon buckets (15 gal.)

bentonite pellets

~"— Filter Pack: 7 - 50 Ib. bags (350 Ib.) #5 quartz sand

Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
672.28 -3.10 Top of Cover
672.00 282 |TopofPVC N
669.18 0.0 Ground Surface Ground Surface
662.6 6.6 Top of Grout __ Concrete
__— Boring Diameter (in inches)
g "
//} ™~ Grout: Portland & Quick Gel
7
7
625.0 44.2 Top of Bentonite ‘.
e %1 -~ Bentonite Seal:
K X | <A
619.5 49.7 Top of Filter Pack
10 - Slot Screen
617.5 51.7 Top of Screen Openings
_ ~
607.7 61.5 Bottom of Screen Openings —
607.1 62.1 Bottom of Well
(NOT TO SCALE)
606.7 62.5 Bottom of Boring
Depth to Static Water:[ 27.3 27.6 27.2 271
Static Water Elevation:| 639.1 638.8 639.2 639.2
Date:| 11/29/15 | 12/7/15 | 12/11/15 | 12/15/15

Well Development:

12/10 - Bailed 61.5 gallons of water (approx. 13 well volumes) out of well via submersible

pump, water level stayed steady.
-Measurement on 12/15 was immediately before slug testing.

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

Water Quality Readings (Horiba U-52) |

Project Location:
Cardinal Plant / Brilliant, Ohio

Cumulative Gallons  NTU C ms/cm PH ORPmMV
61.5 24.3 15.08 1.46 6.86 -56

Project Number:
7217-15-007A

Location: N. 820,052.1" E. 2,513,277.5'
Datum: NAD27/NGVD29 OH S

Boring Number:
MW-BAP-5

Date Well Installed:

11/25/2015

File Name: 7217-15-007B Monitoring Well Logs




40 CFR 257.101 (f)(1)(iv)(B)(2)(iii)

Maps that characterize the direction of groundwater flow accounting
for seasonal variations



Bottom Ash
Pond

MW-BAP-1

644.39
MW-BAP-5
644.40
Ohio River
Recirculation
Pond
MW-BAP-3
644.37
Legend Notes 250 125 0 250 Potentiometric Surface Map - Uppermost Aquifer
. - Monitoring well coordinates and water level data (collected from June 21 to June = ————— Bottom Ash Complex
& Ground.water Monitoring Well o 22, 2016) provided by AEP June 2016
= Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants 1
Columbus, Ohio 2017/08/16

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardina\MXDs\BAP\AEP-Cardinal_BAP_GW_2016-06_June.mxd. MMuenich. 8/16/2017. CHA8423/01/08.




MW-BAP-4
644.60

Bottom Ash
Pond

MW-BAP-1

$/_ 644.42

=P Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP.
- Groundwater elevation units are feet above mean sea level.

AEP Cardinal Generating Plant

MW-BAP-5
644.54
Ohio River
Recirculation
Pond
MW-BAP-3
644.42 _§9
Legend Notes 250 125 250 Potentiometri(ésttf[rfaci I\r/|1ac|:o - Upl)permost Aquifer
. - Monitoring well coordinates and water level data (collected from October 3 to e ottom Ash Complex
% Groundwater Monitoring Well October 4, 2016) provided by AEP. October 2016

Brilliant, Ohio
G tec® Fi
eosyntec igure
consultants 3
Columbus, Ohio 2017/08/16

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardinal\MXDs\BAP\AEP-Cardinal_BAP_GW_2016-10_October.mxd. MMuenich. 8/16/2017. CHA8423/01/08.




Bottom Ash
Pond

MW-BAP-1

{Kf_ 644.13

MW-BAP-5
644.28 ~ M
Ohio River
Recirculation
Pond

MW-BAP-3

644.13 "xp
Legend Notes 250 125 0 250 Potentiometric Surface Map - Uppermost Aquifer

o - Monitoring well coordinates and water level data (collected on November 14, ™ Feet Bottom Ash Complex
& Ground.water Monitoring Well o 2016) provided by AZP. November 2016
= Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants
4
Columbus, Ohio 2017/08/16

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardina\MXDs\BAP\AEP-Cardinal_BAP_GW_2016-11_November.mxd. MMuenich. 8/16/2017. CHA8423/01/08.




MW-BAP-4
644.42

Bottom Ash
Pond

MW-BAP-1

[ 644.25

MW-BAP-5
644.37

Ohio River
MW-BAP-2
[ 644.26
&
&S
Recirculation
Pond
MW-BAP-3
[ 644.26
Legend Notes 250 125 0 250 Potentiometric Surface Map - Uppermost Aquifer
o - Monitoring well coordinates and water level data (collected on January 9, 2016) ™ Feet Bottom Ash Complex
& Ground.water Monitoring Well o orovided by AEP. January 2017
= Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants 6
Columbus, Ohio 2017/08/16

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardinal\MXDs\BAP\AEP-Cardinal_BAP_GW_2017-01_January.mxd. MMuenich. 8/16/2017. CHA8423/01/08.




Bottom Ash
Pond

MW-BAP-1

[ 644.79

644.87
Ohio River
Recirculation
Pond
MW-BAP-3
$/_ 644.74
Legend Notes 250 125 250 Potentiometric Surface Map - Uppermost Aquifer
o - Monitoring well coordinates and water level data (collected on February 8, 2017) A Feet Bottom Ash Complex
& Ground.water Monitoring Well o orovided by AEP. February 2017
= Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants -
Columbus, Ohio 2017/08/16

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardina\MXDs\BAP\AEP-Cardinal_BAP_GW_2017-02_February.mxd. MMuenich. 8/16/2017. CHA8423/01/08.




MW-BAP-4
645.02

Bottom Ash

Pond
MW-BAP-1
644.89
MW-BAP-5
644.96 Ohio River
Recirculation GV
MW-BAP-3
g 644.84
Legend Notes 250 125 0 250 Potentiometric Surface Map - Uppermost Aquifer
P - Monitoring well coordinates and water level data (collected on April 10, 2017) e et Bottom Ash Complex
& Ground.water Monitoring Well o orovided by AEP. April 2017
= Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants g
Columbus, Ohio 2017/08/23

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardinal\MXDs\BAP\AEP-Cardinal_BAP_GW_2017-04_April.mxd. MMuenich. 8/23/2017. CHA8423/01/08.




Columbus, Ohio

MW-BAP-4
643.86
Bottom Ash
Pond
MW-BAP-1
643.79 ~ J¢
\J
MW-BAP-5
643.85
Ohio River
MW-BAP-2
643.84
[%9)
=
™
Ry
&
3
Recirculation
Pond
og‘{’
)
Y_ MW-BAP-3
643.74
Legend Notes 250 125 0 250 Potentiometric Surface Map - Uppermost Aquifer
. - Monitoring well coordinates and water level data (collected on May 23, 2017) = ———— L Bottom Ash Complex
& Ground.water Monitoring Well o orovided by AEP May 2017
= Approximate Groundwater Flow Direction - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
Groundwater Elevation Contour Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants
9
2017/08/23

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardinal\MXDs\BAP\AEP-Cardinal_BAP_GW_2017-05_May.mxd. MMuenich. 8/23/2017. CHA8423/01/08.



MW-BAP-5
644.10

Bottom Ash
Pond

MW-BAP-1

[ 643.97

Ohio River
Recirculation
Pond
MW-BAP-3
[ 643.99
Legend Notes 250 125 0 250 Potentiometric Surface Map - Uppermost Aquifer
o - Monitoring well coordinates and water level data (collected on July 25, 2017) A Feet Bottom Ash Complex
4 Groundwater Momtormg Well orovided by AEP. July 2017
Groundwater Elevation Contour - Site features based on information available in Groundwater Monitoring Network AEP Cardinal Generating Plant
=P Approximate Groundwater Flow Direction Evaluation - Cardinal Site - Bottom Ash Pond (Geosyntec, 2016) provided by AEP. Brilliant, Ohio
- Groundwater elevation units are feet above mean sea level.
Geosyntec® Figure
consultants
11
Columbus, Ohio 2017/08/16

C:\Users\mmuenich\Documents\local_projects\AEP_GIS\Cardina\MXDs\BAP\AEP-Cardinal_BAP_GW_2017-07_July.mxd. MMuenich. 8/16/2017. CHA8423/01/08.




40 CFR 257.101 (f)(2)(iv)(B)(3)

Constituent concentrations, summarized in table form, at each
groundwater monitoring well monitored during each sampling event



Table 1: Groundwater Data Summary Geosyntec Consultants, Inc.
Cardinal Plant - Bottom Ash Pond

MW-BAP-1
Parameter Unit 1122017 | 10202016 | 532017 | 5312017 | 6202017 | 6282016 | 812017 | 8/10/2016 9/26/2017
Background Detection
Antimony ng/L 0.06 0.08 0.07 0.04] 0.04] 0.07 0.03] 0.08 -
Arsenic ng/L 1.13 1.6 1.56 0.78 0.53 1.45 0.4 1.05 -
Barium ng/L 86.5 107 85.3 72.6 63.6 93.6 61.5 107 -
Beryllium ng/L 0.043 0.06 0.061 0.03 0.01J 0.072 0.01J 0.037 -
Boron mg/L 1.95 1.73 2.27 2.11 2.4 1.71 2.69 1.83 2.7
Cadmium ng/L 0.13 0.11 0.15 0.12 0.1 0.12 0.09 0.11 -
Calcium mg/L 157 166 159 148 153 167 170 162 175
Chloride mg/L 96.1 94.5 95.2 94.3 95.4 98.4 100 93.4 93.7
Chromium ng/L 1.45 2 2.1 0.811 0.355 1.8 0.185 1.3 -
Cobalt ng/L 1.1 1.29 1.3 0.951 0.74 1.49 0.665 1.2 -
Combined Radium pCi/L 1.093 1.238 0.301 1.174 0.602 0.343 0.452 0.21 -
Fluoride mg/L 0.34 0.35 0.33 0.3 0.3 0.38 0.41 0.33 0.33
Lead ng/L 1.24 1.69 1.72 0.786 0.314 2.09 0.073 1.03 -
Lithium mg/L 0.021 0.015 0.02 0.017 0.029 0.035 0.022 0.019 -
Mercury ng/L 0.005U 0.007 0.006 0.004J 0.005U 0.01 0.003J 0.005U -
Molybdenum ng/L 26.4 28.6 26.8 27.4 29 19.6 29.2 27.5 -
Selenium ng/L 0.2 0.4 0.3 0.1 0.06] 0.2 0.04] 0.2 -
Total Dissolved Solids mg/L 918 942 948 952 957 953 926 916 977
Sulfate mg/L 405 407 411 419 458 402 471 397 469
Thallium ng/L 0.071 0.226 0.058 0.059 0.05J 0.05 0.05J 0.122 -
pH SU 7.06 7.08 6.98 7.62 7.28 7.06 6.94 7.17 6.76

Notes:

mg/L: milligrams per liter

pg/L: micrograms per liter

pCi/L: picocuries per liter

SU: standard unit

U: Component was not present in concentrations above method detection limit

and is reported as the reporting limit

J: Estimated value. Component was detected in concentrations below the reporting limit
-: Not sampled

Page 1 of 5



Table 1: Groundwater Data Summary Geosyntec Consultants, Inc.
Cardinal Plant - Bottom Ash Pond

MW-BAP-2
Parameter Unit 1122017 | 10202016 | 532017 | 5312007 | 6202017 | 6282016 | 812017 | 8102016 | 9/52017 9/26/2017
Background Detection
Antimony ng/L 0.03] 0.1 0.05] 0.03] 0.03] 0.07 0.03] 0.04] 0.03] -
Arsenic ng/L 26 29.6 10.6 13.1 11.1 11.3 17.1 11.1 9.08 -
Barium ng/L 104 123 104 106 91.5 94.3 93.8 89.5 78.4 -
Beryllium ng/L 0.035 0.083 0.032 0.02] 0.01J 0.02] 0.02J 0.02J 0.01J -
Boron mg/L 2.08 1.79 2.2 2.09 2.16 2.28 1.95 2.04 1.75 1.73
Cadmium ung/L 0.05 0.09 0.04 0.04 0.02J 0.04 0.02 0.03 0.03 -
Calcium mg/L 86.4 92.3 82.4 87.6 84.6 98.7 86 89.5 81.6 86.8
Chloride mg/L 72.9 79.6 72 70.7 71.9 74.1 71.4 75.9 69.1 68.2
Chromium ng/L 0.65 1.8 0.704 0.292 0.213 0.5 0.371 0.3 0.217 -
Cobalt ng/L 1.59 2.17 1.61 137 1.21 1.52 1.2 1.36 1.06 -
Combined Radium pCi/L 0.776 0.849 0.376 1.206 0.993 0.749 1.086 0.588 0.731 -
Fluoride mg/L 0.62 0.79 0.42 0.33 0.34 0.35 0.46 0.33 0.35 0.33
Lead ng/L 0.965 2.16 0.77 0.325 0.234 0.439 0.33 0.307 0.197 -
Lithium mg/L 0.016 0.006 0.013 0.009 0.02 0.011 0.01 0.01 0.013 -
Mercury ng/L 0.002J 0.004J 0.005U 0.005U 0.005U 0.005U 0.005U 0.005U 0.005U -
Molybdenum ng/L 26.2 31.9 42.1 46.6 49 37.6 46.1 38.4 427 -
Selenium ng/L 0.1 0.4 0.2 0.09J 0.07J 0.09J 0.08] 0.08] 0.09J -
Total Dissolved Solids mg/L 583 628 557 562 563 612 560 544 538 552
Sulfate mg/L 176 190 213 222 234 239 218 228 226 230
Thallium ng/L 0.03] 0.075 0.03] 0.02] 0.02J 0.03] 0.02J 0.03] 0.03] -
pH SU 6.73 6.76 6.85 7.15 7.1 6.75 6.74 6.31 - 6.94

Notes:

mg/L: milligrams per liter

ng/L: micrograms per liter

pCi/L: picocuries per liter

SU: standard unit

U: Component was not present in concentrations above method detection limit

and is reported as the reporting limit

J: Estimated value. Component was detected in concentrations below the reporting limit
-: Not sampled

Page 2 of 5



Table 1: Groundwater Data Summary
Cardinal Plant - Bottom Ash Pond

Geosyntec Consultants, Inc.

MW-BAP-3
Parameter Unit 1/12/2017 10/20/2016 | 5/3/2017 | 5/31/2017 6/20/2017 6/28/2016 8/1/2017 | 8/11/2016 | 9/5/2017 9/26/2017
Background Detection
Antimony ng/L 0.03J 0.02J] 0.02] 0.02] 0.02] 0.03J 0.02] 0.04) 0.04) -
Arsenic pg/L 0.99 0.69 0.39 0.36 0.32 0.42 0.31 0.75 0.74 -
Barium ug/L 52.2 55.8 47.7 51.7 46.7 49.1 47.4 65.3 66.4 -
Beryllium ug/L 0.009J 0.009J 0.006J 0.005J 0.02U 0.008J 0.005J 0.022 0.036 -
Boron mg/L 1.77 1.8 1.87 1.91 2.05 1.92 2.12 2.03 1.99 2.03
Cadmium pg/L 0.07 0.05 0.06 0.1 0.09 0.04 0.08 0.05 0.17 -
Calcium mg/L 62.6 65.7 60.6 60.3 62.1 64.1 67 63 65.6 69.1
Chloride mg/L 60.7 60.1 61.9 61.8 62.8 59.8 63.4 58.8 63.5 63.8
Chromium pg/L 0.427 0.4 0.257 0.128 0.111 0.5 0.126 0.8 1.05 -
Cobalt pg/L 0.779 0.759 0.721 0.675 0.591 0.759 0.579 0.962 0.92 -
Combined Radium pCi/L 0.546 1.738 0.853 0.506 0.373 0.358 0.00513 0.76 0.767 -
Fluoride mg/L 0.16 0.1J 0.16 0.1J 0.1] 0.17 0.1] 0.1J 0.1] 0.1
Lead pg/L 0.216 0.184 0.091 0.088 0.065 0.164 0.066 0.487 0.814 -
Lithium mg/L 0.012 0.001U 0.003 0.001U 0.013 0.018 0.005 0.005 0.007 -
Mercury pg/L 0.003J 0.002J 0.005U 0.005U 0.007 0.002J 0.005U 0.003J 0.004J -
Molybdenum pg/L 2.7 2.45 3.57 2.51 2.21 2.13 1.87 5.63 1.8 -
Selenium pg/L 0.03J 0.07J 0.06J 0.1U 0.1U 0.05J 0.1U 0.09J 0.1 -
Total Dissolved Solids mg/L 390 396 402 410 421 418 424 400 417 421
Sulfate mg/L 119 129 131 135 145 130 148 134 142 146
Thallium pg/L 0.05J 0.059 0.04) 0.05J) 0.05J 0.05J) 0.05J 0.061 0.052 -
pH SU 6.67 6.7 6.74 7.22 6.95 6.65 6.52 6.7 - 6.53
Notes:

mg/L: milligrams per liter
ng/L: micrograms per liter
pCi/L: picocuries per liter

SU: standard unit

U: Component was not present in concentrations above method detection limit

and is reported as the reporting limit

J: Estimated value. Component was detected in concentrations below the reporting limit

-: Not sampled

Page 3 of 5




Table 1: Groundwater Data Summary Geosyntec Consultants, Inc.
Cardinal Plant - Bottom Ash Pond

MW-BAP-4
Parameter Unit 1122017 | 10202016 | 522017 | 5312007 | 6202017 | 6302016 | 812007 | 8/10/2016 9/26/2017
Background Detection
Antimony ng/L 0.09 0.1 0.05] 0.04] 0.03] 0.06 0.05 0.07 -
Arsenic ng/L 44.8 42.4 41.9 35.9 427 36.3 43.7 422 -
Barium ng/L 59.9 69.8 44.9 51.7 41.9 54.9 49.9 54.7 -
Beryllium ng/L 0.176 0.227 0.071 0.111 0.046 0.119 0.092 0.117 -
Boron mg/L 0.02 0.064 0.16 0.024 0.038 0.115 0.034 0.062 0.033
Cadmium ng/L 0.14 0.18 0.05 0.1 0.03 0.11 0.06 0.1 -
Calcium mg/L 197 214 197 181 190 233 202 220 203
Chloride mg/L 27.5 28.6 27.5 27.6 27.5 30 27.6 30.6 27.1
Chromium ng/L 4.16 4.4 1.48 1.96 0.834 1.7 1.89 2.4 -
Cobalt ng/L 20.3 19.8 19.2 20.2 18 18.7 19.9 18.2 -
Combined Radium pCi/L 0.703 1.17 0.377 0.599 0.645 0.535 1.069 0.722 -
Fluoride mg/L 0.1 0.1] 0.1 0.1] 0.1 0.15 0.1 0.16 0.1
Lead ng/L 4.63 5.67 1.66 2.94 0.955 3.2 2.06 2.78 -
Lithium mg/L 0.012 0.006 0.009 0.005 0.02 0.015 0.013 0.012 -
Mercury ng/L 0.005 0.007 0.005U 0.004J 0.005U 0.005U 0.005U 0.004J -
Molybdenum ng/L 1.76 1.87 1.56 1 2.15 1.35 1.52 451 -
Selenium ng/L 0.7 0.9 0.3 0.4 0.2 0.5 0.4 0.5 -
Total Dissolved Solids mg/L 1200 1300 1250 1270 1280 1400 1330 1320 1250
Sulfate mg/L 620 617 584 590 655 661 631 629 618
Thallium ng/L 0.102 0.106 0.03J 0.03] 0.02] 0.03] 0.04] 0.063 -
pH SU 6.37 6.72 6.45 6.63 6.81 6.37 6.27 6.28 6.36

Notes:

mg/L: milligrams per liter

pg/L: micrograms per liter

pCi/L: picocuries per liter

SU: standard unit

U: Component was not present in concentrations above method detection limit

and is reported as the reporting limit

J: Estimated value. Component was detected in concentrations below the reporting limit
-: Not sampled
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Table 1: Groundwater Data Summary Geosyntec Consultants, Inc.
Cardinal Plant - Bottom Ash Pond

MW-BAP-5
Parameter Unit 1122017 | 10202016 | 522017 | 5312007 | 62002017 | 6282016 | 812017 | 8/10/2016 9/26/2017
Background Detection
Antimony ng/L 0.06 0.12 0.07 0.05 0.03] 0.07 0.03] 0.09 -
Arsenic ng/L 8.78 16.1 11.5 11.7 9.1 11.3 10.6 12.1 -
Barium ng/L 87.9 118 88.2 95.3 77.7 92.7 83.1 102 -
Beryllium ng/L 0.061 0.157 0.095 0.075 0.045 0.068 0.039 0.112 -
Boron mg/L 0.043 0.058 0.116 0.073 0.05 0.072 0.043 0.043 0.059
Cadmium ng/L 0.02 0.06 0.04 0.03 0.02] 0.03 0.01] 0.05 -
Calcium mg/L 207 226 201 176 200 228 206 209 209
Chloride mg/L 15.3 14.3 14.8 13.3 15.7 13.4 14.7 13.5 15.3
Chromium ng/L 2.35 5.7 2.83 2.1 1.33 2 1.16 3.4 -
Cobalt ng/L 1.34 3.06 1.92 1.47 0.966 1.28 0.855 2.03 -
Combined Radium pCi/L 1.411 1.497 0.364 0.894 0.788 0.6516 0.686 1.026 -
Fluoride mg/L 0.09J 0.08 0.1 0.06] 0.08] 0.1] 0.08J 0.09J 0.09
Lead ng/L 1.72 4.6 2.77 1.95 1.18 1.92 1.04 3.08 -
Lithium mg/L 0.008 0.007 0.01 0.012 0.016 0.02 0.012 0.01 -
Mercury ng/L 0.005U 0.003J 0.005U 0.005U 0.005U 0.005U 0.005U 0.003J -
Molybdenum ng/L 0.74 1.15 0.62 0.94 0.52 0.8 0.52 1.22 -
Selenium ng/L 0.2 0.7 0.4 0.3 0.2 0.2 0.1 0.4 -
Total Dissolved Solids mg/L 1050 1010 1010 955 1080 1050 1050 1060 1050
Sulfate mg/L 474 433 418 404 472 449 448 456 442
Thallium ng/L 0.058 0.114 0.059 0.04] 0.03] 0.03] 0.02] 0.059 -
pH SU 6.6 6.59 6.6 7.07 6.94 6.6 6.55 6.7 6.72

Notes:

mg/L: milligrams per liter

pg/L: micrograms per liter

pCi/L: picocuries per liter

SU: standard unit

U: Component was not present in concentrations above method detection limit

and is reported as the reporting limit

J: Estimated value. Component was detected in concentrations below the reporting limit
-: Not sampled
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Table 1: Groundwater Data Summary
Cardinal Plant - Bottom Ash Pond

Geosyntec Consultants, Inc.

BAP-1 BAP-2 BAP-3 BAP-4 BAP-5
Parameter Unit | 1/23/2018(5/17/2018 | 8/29/2018] 1/23/2018 | 5/17/2018 | 8/29/2018] 1/23/2018 | 5/17/2018 | 8/29/201815/21/2018 | 8/29/2018] 5/21/2018 | 8/29/2018
Detection Assessment Detection Assessment Detection Assessment Assessment Assessment
Antimony pg/L - 0.0400 J 05U - 0.0300J 05U - 0.0200J 05U 0.0300J 05U 0.0400J 05U
Arsenic pg/L - 0.430 05U - 12.4 122 - 0.270 05U 34.1 442 7.78 6.20
Barium pg/L - 56.0 57.6 - 92.3 135 - 48.1 46.8 38.8 49.7 72.1 78.7
Beryllium pg/L - 0.0100J 01U - 0.0200 J 0.1U - 0.00800J| 0.1U 0.0360 0.100 0.0500 0.1U
Boron mg/L 291 2.70 3.44 1.97 1.57 1.92 1.91 1.97 2.45 0.137 0.0217 0.112 0.0956
Cadmium pg/L - 0.100 0.140 - 0.0200 0.1U - 0.110 0.1U 0.0200 0.1U 0.0200J 0.1U
Calcium mg/L - 159 153 - 82.0 79.5 - 66.8 69.4 202 216 203 222
Chloride mg/L 86.2 76.9 74.4 61.1 60.0 70.0 64.1 67.2 67.2 27.7 28.5 17.0 19.2
Chromium pg/L - 0.598 1U - 0.345 1U - 0.270 1U 0.715 2.10 1.45 1U
Cobalt pg/L - 0.649 0.790 - 1.16 1.30 - 0.521 05U 19.1 20.1 0.950 0.770
Combined Radium pCi/L - 0.227 0.686 - 0.643 0.225 - 0.385 0.312 0.987 1.06 0.865 1.01
Fluoride mg/L 0.370 0.380 0.360 0.390 0.490 0.620 - 0.130 0.110 0.160 0.140 0.0900 0.0930
Lead pg/L - 0.246 05U - 0.217 05U - 0.0720 05U 0.601 1.70 1.19 0.540
Lithium mg/L - 0.0100 0.0166 - 0.00400 10U - 0.001 U 10U 0.00600 10U 0.00300 10U
Mercury pg/L - 0.00300J| 0.00126 - 0.005 U | 0.000930 - 0.005U 0.5U 0.005U | 0.00266 | 0.005U | 0.00123
Molybdenum pg/L - 27.4 30.6 - 37.4 36.3 - 1.73 1.50 1.31 1.50 0.460 0.510
pH SU 7.09 7.04 6.96 6.90 6.81 6.86 6.71 6.48 6.59 6.26 6.32 6.48 6.56
Selenium pg/L - 0.100 05U - 0.100J 05U - 0.0400J 05U 0.200 05U 0.200 05U
Total Dissolved Solids| mg/L - 924 927 - 518 519 - 416 415 1260 1240 1030 974
Sulfate mg/L - 446 494 - 228 217 - 157 159 590 628 433 464
Thallium pg/L - 0.0610 0.5U - 0.0300J 0.5U - 0.0680 05U 0.0500J 05U 0.0300J 05U
Notes:

mg/L: milligrams per liter
pg/L: micrograms per liter
SU: standard unit
pCi/L: picocuries per liter
U: Parameter was not present in concentrations above method detection limit and is reported as the reporting limit
J: Estimated value. Parameter was detected in concentrations below the reporting limit
-: Not sampled
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Table 1 - Groundwater Data Summary
Cardinal Plant - Bottom Ash Pond

Geosyntec Consultants, Inc.

Parameter Unit BAP-1 BAP-2 BAP-3 BAP-4 BAP-5
4/8/2019 10/9/2019 4/8/2019 10/9/2019 4/8/2019 10/10/2019 4/8/2019 10/10/2019 4/8/2019 10/10/2019
Antimony ug/L 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U
Arsenic ug/L 0.500 U 0.500 U 122 34.9 0.500 U 0.500 U 39.0 54.8 5.20 5.80
Barium ug/L 52.3 50.0 225 121 44 4 443 424 47.1 77.4 83.4
Beryllium ug/L 0.100 U 0.100 U 0.260 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U
Boron ug/L 2,680 3,050 1,960 1,560 2,020 2,100 19.8 19.5 92.0 118
Cadmium ug/L 0.130 0.120 0.230 0.100 U 0.100 U 0.100 0.100 U 0.100 U 0.100 U 0.100 U
Calcium ug/L 167,000 158,000 91,100 82,800 76,000 71,900 209,000 184,000 224,000 213,000
Chloride mg/L 64.7 68.9 59.4 64.5 64.6 68.4 20.9 253 14.9 16.7
Chromium ug/L 1.00 U 1.00 U 5.50 1.00 U 1.00 U 1.00 U 1.20 1.70 1.00 U 2.20
Cobalt ug/L 1.00 0.700 4.60 1.20 0.570 0.500 U 17.8 19.1 1.00 1.10
Combined Radium | pCi/L 1.10 6.52 0.617 1.06 0.552 0.371 0.564 1.48 0.765 1.27
Fluoride mg/L 0.380 0.370 0.800 0.560 0.140 0.110 0.150 0.140 0.0990 0.0680
Lead ug/L 0.500 U 0.500 U 5.30 0.500 U 0.500 U 0.500 U 1.20 1.40 1.10 1.20
Lithium ug/L 17.1 19.8 100U 10.0 U 100U 10.0 U 100U 10.0 U 100U 10.0 U
Mercury ug/L'| 0.000500 U | 0.000500 U 0.00965 0.000670 0.000500 U [ 0.000500 U 0.00186 0.00117 0.00123 0.000785
Molybdenum ug/L 304 32.3 36.3 40.0 1.30 1.60 1.30 1.40 0.500 U 0.500 U
Selenium ug/L 0.500 U 0.500 U 0.570 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U
Sulfate mg/L 419 416 167 202 149 164 471 560 404 433
Thallium ug/L 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U
Total Dissolved Solids | mg/L 905 874 563 484 415 425 1,260 1,210 1,050 983
pH SU 6.82 7.10 7.12 6.95 6.53 6.05 6.35 6.26 6.65 6.43
Notes:

mg/L: milligrams per liter
pg/L: micrograms per liter
SU: standard unit

pCi/L: picocuries per liter
U: Parameter was not present in concentrations above method detection limit and is reported as the reporting limit
J: Estimated value. Parameter was detected in concentrations below the reporting limit
All samples were collected as part of the assessment monitoring program in accordance with 40 CFR 257.90(e)(3).
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Spring 2020 App 111 & IV Parameters
Cardinal Plant - Bottom Ash Pond

Parameter Unit BAP-1 BAP-2 BAP-3 BAP-4 BAP-5
4/08/2020 | 4/08/2020 | 4/08/2020 [ 4/08/2020 | 4/08/2020
Antimony ug/L 0.50U 050U 050U 0.50U 0.50U
Arsenic ug/L 24 242 1.1 45.1 2.3
Barium ug/L 89.1 160 83.6 42.8 80.1
Beryllium ng/L 0.15 0.10U 0.10U 0.10U 0.10U
Boron ug/L 2770 1860 1940 20.7 138
Cadmium ng/L 0.15 0.10U 0.15 0.10U 0.10U
Calcium ug/L 147000 88000 69700 186000 234000
Chloride mg/L 73.9 83.7 71.3 29 22.1
Chromium ug/L 4.6 L5 3.5 1.4 10U
Cobalt ng/L 2.3 1.8 1.9 19.6 0.99
Combined Radium pCi/L 1.63 0.736 0.641 0.552 0.794
Fluoride mg/L 0.38 0.58 0.12 0.11 0.08
Lead ng/L 3.3 1.1 1.5 1.1 050U
Lithium ng/L 27.5 12.1 10.0U 12.9 11.4
Mercury ug/L 0.0137 0.00249 0.0084 0.00223 0.000734
Molybdenum ug/L 29.9 352 2.7 1.4 0.50U
pH SU 6.82 6.67 6.36 6.31 6.47
Selenium ng/L 0.50U 050U 050U 050U 050U
Total Dissolved Solids mg/L 825 527 430 1170 1080
Sulfate mg/L 389 208 158 637 511
Thallium ng/L 0.50U 050U 050U 050U 050U
Notes:

mg/L: milligrams per liter

png/L: micrograms per liter pCi/L: picocuries per liter SU: standard unit

U: Component was not present in concentrations above method detection limit and is reported as the reporting limit

J: Estimated value. Component was detected in concentrations below the reporting limit
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LIST OF ACRONYMS AND ABBREVIATIONS

BAP Bottom Ash Pond

CCR Coal Combustion Residuals

CFR Code of Federal Regulations

ESP Electrostatic Precipitator

FGD Flue Gas Desulfurization

GWPS Groundwater Protection Standards
MCL Maximum Contaminant Level
MW Megawatt

RSW Residual Solid Waste

SCR Selective Catalytic Reduction

SSI Statistically Significant Increase
SSL Statistically Significant Level
USEPA United States Environmental Protection Agency
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1. INTRODUCTION

The Federal Coal Combustion Residuals (CCR) Rule (40 Code of Federal Regulations [CFR] Part
257.90(e)) (USEPA, 2015) requires owners and or operators of existing CCR landfills and surface
impoundments to prepare a Groundwater Monitoring and Corrective Action Report (Report) no
later than January 31 annually. Geosyntec Consultants (Geosyntec) has prepared this Report for
the Bottom Ash Pond (BAP), an existing CCR unit at the Cardinal Plant in Brilliant, Ohio (Site).
This Report summarizes the groundwater monitoring activities conducted pursuant to the CCR
Rule through December 31, 2019.

2. SITE DESCRIPTION

2.1  Site Description

The Site is located one-mile south of Brilliant, Ohio in Jefferson County (Figure 1) and is operated
by Buckeye Power, Inc. (Buckeye Power). Located along the Ohio River, the generating station
consists of three coal-powered units with an 1,800 megawatt (MW) capacity and annual coal use
of 5.2 million tons (Geosyntec, 2016). Units 1 and 2 began operation in 1967 and Unit 3 began
operation in 1977. As of 2012, all three units were equipped with an electrostatic precipitator
(ESP), a selective catalytic reduction (SCR) system, and a flue gas desulfurization (FGD) system.

The BAP is situated along the Ohio River south of Cardinal Plant Unit 3. The BAP perimeter dikes
enclosing the facility are approximately 6,500 feet (ft) in length with a 20-foot average height. The
dikes were originally constructed in the 1960s, with major reconstruction in 1974 as part of the
Unit 3 addition. The BAP receives bottom ash, pyrite, and other wastes from the coal burning
process in addition to stormwater drainage and wastewater flows from the property. Site features
and locations are outlined in Figure 2.

2.2  Regional Physiographic Setting

The Site is underlain by horizontal sequences of lower Permian and upper Pennsylvanian
sedimentary rock. The Conemaugh Group, 500 ft thick in Jefferson County, consists of shale,
sandstone, limestone, claystone, and coal. This group includes the Morgantown Sandstone
underlain by the Elk Lick Limestone, the Skelly Limestone and Shale, the Ames Limestone, and
the Cow Run Sandstone (Geosyntec, 2016). Above the current grade of the Residual Solid Waste
(RSW) Landfill lies the Monongahela Group consisting of shale, sandstone, limestone, coal,
claystone, and siltstone. Overlying the Monongahela Group, at approximately 1,250 feet in
elevation, is the Permian-age Dunkard Group.

The uppermost aquifer at the Site consists of fine to coarse sand and gravel below a silty clay,
interbedded organic clay and silt. The uppermost aquifer is hydraulically connected to the Ohio
River. Groundwater in the uppermost aquifer generally flows southeast towards the Ohio River
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with hydraulic conductivity ranging from 1 x 10! to 1 x 10 centimeters per second (cm/s)
(Geosyntec, 2016).

3. GROUNDWATER MONITORING SYSTEM

The BAP’s groundwater monitoring network was designed to comply with 40 CFR 257.91. The
groundwater monitoring network utilizes monitoring wells initially installed as part of a separate
site-wide hydrogeologic investigation and is used to monitor groundwater quality in the uppermost
aquifer at the Site. Monitoring well construction and soil boring logs were provided in the
Groundwater Monitoring Network Design Report (Geosyntec, 2016).

The BAP groundwater monitoring well network consists of five monitoring wells, as shown in
Figure 2. Two upgradient monitoring wells (MW-BAP-4 and MW-BAP-5) are used to measure
background conditions and three downgradient monitoring wells (MW-BAP-1, MW-BAP-2, and
MW-BAP-3) are used as compliance wells.

4. CCR RULE GROUNDWATER KEY ACTIVITIES COMPLETED

4.1 2018 Statistical Evaluation Activities

A Groundwater Protection Standard (GWPS) was established for each Appendix IV parameter in
accordance with the United States Environmental Protection Agency (USEPA’s) Statistical
Analysis of Groundwater Monitoring Data at RCRA Facilities — Unified Guidance (Unified
Guidance; USEPA, 2009) and the Site’s Statistical Analysis Plan (Geosyntec, 2017). The
established GWPSs were determined to be the greater value of the background concentration and
the maximum contaminant level (MCL) or risk-based screening level for each Appendix IV
parameter. GWPSs determined in 2018 are provided in the 2018 Annual Groundwater Monitoring
Report (Geosyntec, 2019a).

A statistical evaluation of the 2018 assessment monitoring data compared against the GWPSs was
completed in January 2019 and is described in the Statistical Analysis Summary — Bottom Ash
Pond (Geosyntec, 2019b). The statistical analysis report included an evaluation of significant
levels (SSLs) for Appendix IV parameters and an evaluation of statistically significant increases
(SSIs) for Appendix III parameters. Additionally, prediction limits for interwell tests were
recalculated using data collected during the 2018 assessment monitoring events. No SSLs were
identified at the BAP. SSIs for boron and chloride were identified at MW-BAP-1, MW-BAP-2,
and MW-BAP-3 and SSIs for fluoride were identified at MW-BAP-1 and MW-BAP-2 (Geosyntec,
2019b). Based on these results, the CCR unit remained in assessment monitoring.
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4.2 2019 Sampling and Data Evaluation Activities

4.2.1 Assessment Monitoring Program

The BAP remained in assessment monitoring throughout 2019. Assessment monitoring sampling
events were conducted in April and October 2019 in accordance with 40 CFR 257.95(b) and 40
CFR 257.95(d)(1), respectively. Samples from both events were analyzed for all Appendix III and
Appendix IV parameters; results are shown in Table 1. A revision of the GWPS and statistical
evaluation of the 2019 assessment monitoring data is ongoing and will be completed outside of
the timeframe of this report.

4.2.2  Groundwater Elevation and Flow Velocities

Prior to sampling, a synoptic round of groundwater level measurements was collected from
compliance and background monitoring wells. Potentiometric surface maps based on groundwater
elevations measured during the April and October 2019 assessment monitoring events are
presented in Figure 3 and Figure 4, respectively. The potentiometric maps show that groundwater
near the BAP flows southeast towards the Ohio River. The groundwater residence time (inverse
of velocity) at the BAP ranged from 1.4 days at well MW-BAP-3 to 6.5 days at MW-BAP-2 and
MW-BAP-3. A summary of hydraulic gradients and groundwater residence times at the BAP is
provided in Table 2.

4.2.3 Data Usability

Upon receipt of laboratory analytical reports, the data were evaluated for usability. Analytical data
were checked for the following:

e Samples were analyzed within the method specified hold times;

e Samples were received within holding temperature;

e The chain of custody form was complete;

e Precision was within control limits using relative percent differences of blind duplicate
samples;

e Matrix spike and matrix spike duplicate recoveries and laboratory control samples were
within the control limits; and

e Potential for positive bias was evaluated using method blanks.

All data received during 2019 were considered complete and usable.

S. PROBLEMS ENCOUNTERED AND RESOLUTIONS

No problems were encountered during 2019 that were related to assessment monitoring activities
at the BAP. No monitoring wells were gauged dry, abandoned, or added to the well network during
2019. All analytical data received were deemed to be of acceptable quality.
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6. STATUS OF MONITORING PROGRAM

During the time period of this report, the Site has remained in assessment monitoring. Assessment
monitoring events were conducted in April and October 2019. The BAP’s status will be re-
evaluated after completion of the ongoing statistical evaluation.

7. PLANNED KEY ACTIVITIES FOR 2020
The following activities are planned for 2020 at the BAP:

e The 2019 Annual Groundwater Monitoring Report will be entered into the facility’s
operating record and posted to the public internet site;

e A statistical evaluation of the 2019 assessment monitoring event will be completed in
January 2020, which will evaluate potential SSIs against revised GWPSs. The BAP’s
monitoring well status will be confirmed following the evaluation;

e Assuming the unit remains in assessment monitoring, two semi-annual groundwater
assessment monitoring program events will be conducted and tested for potential SSLs and
SSIs; and

e The 2020 Annual Groundwater Monitoring will be prepared for submittal in January 2021.
8. REFERENCES

Geosyntec Consultants, Inc. 2016. Groundwater Monitoring Network Evaluation, Cardinal Site —
Bottom Ash Pond, July.

Geosyntec Consultants, Inc. 2017. Statistical Analysis Plan. January.

Geosyntec Consultants, Inc. 2019a. 2018 Annual Groundwater Monitoring Report, Federal CCR
Rule, Cardinal Plant — Bottom Ash Pond. January.

Geosyntec Consultants, Inc. 2019b. Statistical Analysis Summary — Bottom Ash Pond, Cardinal
Plant. 2019.

United States Environmental Protection Agency (USEPA). 2009. Statistical Analysis of
Groundwater Monitoring Data at RCRA Facilities - Unified Guidance. EPA 530/R-09-007.
March.

United States Environmental Protection Agency (USEPA). 2015. Hazardous and Solid Waste
Management System; Disposal of Coal Combustion Residuals from Electric Utilities (Final
Rule). Fed. Reg. 80 FR 21301, pp. 21301-21501, 40 CFR Parts 257 and 261, April.
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Table 1 - Groundwater Data Summary
Cardinal Plant - Bottom Ash Pond

Geosyntec Consultants, Inc.

Parameter Unit BAP-1 BAP-2 BAP-3 BAP-4 BAP-5
4/8/2019 10/9/2019 4/8/2019 10/9/2019 4/8/2019 10/10/2019 4/8/2019 10/10/2019 4/8/2019 10/10/2019
Antimony ug/L 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U
Arsenic ug/L 0.500 U 0.500 U 122 34.9 0.500 U 0.500 U 39.0 54.8 5.20 5.80
Barium ug/L 52.3 50.0 225 121 44 4 443 424 47.1 77.4 83.4
Beryllium ug/L 0.100 U 0.100 U 0.260 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U 0.100 U
Boron ug/L 2,680 3,050 1,960 1,560 2,020 2,100 19.8 19.5 92.0 118
Cadmium ug/L 0.130 0.120 0.230 0.100 U 0.100 U 0.100 0.100 U 0.100 U 0.100 U 0.100 U
Calcium ug/L 167,000 158,000 91,100 82,800 76,000 71,900 209,000 184,000 224,000 213,000
Chloride mg/L 64.7 68.9 59.4 64.5 64.6 68.4 20.9 253 14.9 16.7
Chromium ug/L 1.00 U 1.00 U 5.50 1.00 U 1.00 U 1.00 U 1.20 1.70 1.00 U 2.20
Cobalt ug/L 1.00 0.700 4.60 1.20 0.570 0.500 U 17.8 19.1 1.00 1.10
Combined Radium | pCi/L 1.10 6.52 0.617 1.06 0.552 0.371 0.564 1.48 0.765 1.27
Fluoride mg/L 0.380 0.370 0.800 0.560 0.140 0.110 0.150 0.140 0.0990 0.0680
Lead ug/L 0.500 U 0.500 U 5.30 0.500 U 0.500 U 0.500 U 1.20 1.40 1.10 1.20
Lithium ug/L 17.1 19.8 100U 10.0 U 100U 10.0 U 100U 10.0 U 100U 10.0 U
Mercury ug/L'| 0.000500 U | 0.000500 U 0.00965 0.000670 0.000500 U [ 0.000500 U 0.00186 0.00117 0.00123 0.000785
Molybdenum ug/L 304 32.3 36.3 40.0 1.30 1.60 1.30 1.40 0.500 U 0.500 U
Selenium ug/L 0.500 U 0.500 U 0.570 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U
Sulfate mg/L 419 416 167 202 149 164 471 560 404 433
Thallium ug/L 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U 0.500 U
Total Dissolved Solids | mg/L 905 874 563 484 415 425 1,260 1,210 1,050 983
pH SU 6.82 7.10 7.12 6.95 6.53 6.05 6.35 6.26 6.65 6.43
Notes:

mg/L: milligrams per liter
pg/L: micrograms per liter
SU: standard unit

pCi/L: picocuries per liter
U: Parameter was not present in concentrations above method detection limit and is reported as the reporting limit
J: Estimated value. Parameter was detected in concentrations below the reporting limit
All samples were collected as part of the assessment monitoring program in accordance with 40 CFR 257.90(e)(3).
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Table 2: Residence Time Calculation Summary

Cardinal Plant - Bottom Ash Pond

Geosyntec Consultants, Inc .

2019-03 2019-10
CCR L Well Groundwater Groupdwater Groundwater Groupdwater
Monitoring . . Residence . Residence
Management Diameter Velocity . Velocity .
Unit Well (inches) (ft/year) Time (ft/year) Time
| (days) | (days)
MW-BAP-1 2.0 30.6 2.0 32.4 1.9
Bottom Ah MW-BAP-2 4 2.0 9.4 6.5 12.4 4.9
OPfﬁd U1 mw-BAP-3 2.0 20.8 2.9 9.3 6.5
MW-BAP-4 ! 2.0 16.6 3.7 42.8 1.4
MW-BAP-5 ! 2.0 10.1 6.0 20.1 3.0
Notes:

[1] - Upgradient Well
[2] - Compliance Well
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A decryption of site hydrogeology including stratigraphic cross-sections
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2.4.2 Regional and Local Geologic Setting

The BAP is located in an area of Ohio which was unglaciated during the last ice age. The surficial
geology at the BAP consists of alluvial silt, clay, and sand deposited by the Ohio River floodwaters,
underlain by glacial outwash deposits of sand and gravel. The glacial outwash deposits extend to the
bedrock surface, which occurs at approximately 60 feet below the natural ground surface at the
pond. Bedrock consists of interbedded shale, sandstone, coal, and limestone of the Pennsylvanian-
aged Conemaugh Formation (BBC&M, 2009; CHA, 2009).

2.4.3 Surface Water and Surface Water-Groundwater Interactions

The BAP is located immediately west of the Ohio River. According to United States Army Corps of
Engineers records, the Ohio River elevation at this location is controlled by the Pike Island Dam,
with a regular pool elevation of 644.0 ft above msl (USACE, 2003). Notes on an AEP plan drawing
provide 50-year and 100-year flood elevations for the Ohio River of 664.0 ft and 666.0 ft above msl,
respectively.

Surface water near the BAP enters a tributary to the Ohio River. According to USACE maps, the
nearest tributary entering the Ohio River is Salt Run, located approximately 0.5 miles to the north
(USACE, 2003). Riddles Run and Blockhouse Run are located approximately 1.25 and 1.5 miles to
the north, respectively. Groundwater also flows towards and recharges the Ohio River. Seasonal
fluctuations in the Ohio River pool stage near the BAP are expected to reflect seasonal precipitation
values for Brilliant, Ohio with the highest pool elevations in the spring and summer months. The
BAP is separated from the lower aquifer by a confining silt and clay layer of at least 5 feet in
thickness. However, limited seepage may occur from the BAP to the near-surface zone of
saturation, which drains towards the Ohio River.

2.4.4 \Water Users

Based on water well records obtained from the Ohio Department of Natural Resources (ODNR,
2016) online search tools, the nearest domestic water supply wells are located approximately one
mile west of the BAP. The well records indicate well depths ranging from 30 to 110 feet below
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ground surface within shale and sandstone aquifers. According to the Jefferson County Water and
Sewer District, there are no surface water intakes supplying water to the town of Brilliant, Ohio.
Brilliant’s water source comes from two groundwater wells located at a water treatment plant
approximately three miles northeast of the BAP.
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3. MONITORING NETWORK EVALUATION

3.1 Hydrostratigraphic Units

3.1.1 Horizontal and Vertical Position relative to CCR Unit

The principal regional aquifer is comprised of the alluvial sediments along the Ohio River, located
below and east of the BAP. The identified uppermost aquifer in the vicinity of the BAP is the Sand
and Gravel aquifer, which is hydraulically connected to the Ohio River. The BAP is lies above and
is separated from the uppermost aquifer by a lower conductivity layer of silty clay and silt which
thickens toward the west away from the Ohio River. The five (5) groundwater monitoring wells that
make up the groundwater monitoring network around the BAP are screened to target the Sand and
Gravel beneath the lower conductivity separation layer. Cross-sections illustrating the horizontal
and vertical position of BAP relative to the uppermost aquifer are provided in Appendix B.

3.1.2 Overall Flow Conditions

Regionally, the most productive aquifer is the surficial aquifer, comprised of sand and gravel alluvial
deposits along the Ohio River. Water supply wells within this aquifer can sustain yields of up to
several hundred gallons per minute (gpm). This surficial aquifer is likely recharged through direct
precipitation, infiltration from the Ohio River, and to a smaller extent, discharge from the
surrounding bedrock (Geosyntec, 2006). Seasonal variation in the groundwater table beneath the
BAP is expected to reflect the seasonal variation in precipitation with the highest groundwater
elevations in the spring and summer months as well as the season fluctuation in the pool stage of the
Ohio River.

Based on ODNR water well logs, the surficial aquifer of alluvial sediments along the Ohio River
near the BAP can generally sustain yields of up to several hundred gpm.

3.2 Uppermost Aquifer

3.2.1 CCR Rule Definition

According to the 2015 CCR rule, the term “uppermost aquifer” has the same provisions as in
§257.40: “The geologic formation nearest the natural ground surface that is an aquifer, as well as
lower aquifers that are hydraulically interconnected with this aquifer within the facility’s property
boundary. This definition includes a shallow, deep, perched, confined, or unconfined aquifer,
provided that it yields usable water” (40 CFR 257.60).

For purposes of this report, it is assumed that the uppermost useable aquifer has the following
characteristics: (1) groundwater production rate over a 24-hour period of at least 0.1 gallons per

2016-CHE8126L - Cardinal BAP GW CCR Evaluation 3-1 July 2016



GROUNDWATER MONITORING NETWORK EVALUATION
CARDINAL SITE — BOTTOM ASH POND

minute (gpm); and (2) groundwater quality with total dissolved solids (TDS) less than 10,000
milligrams per liter (mg/L).

3.2.2 ldentified Onsite Hydrostratigraphic Unit

Based on boring log and monitoring well data around the BAP, the uppermost aquifer system is
comprised of fine to coarse sand and gravel associated with the alluvial sediments of the Ohio River
valley. The sand and gravel of the uppermost aquifer has an estimated range of hydraulic
conductivity from 1 x 10-1 to 1 x 10-4 centimeters per second (cm/sec). in the area of the BAP. The
direction of flow is generally to the east and southeast toward the Ohio River. Contours depicting
the groundwater elevations and general direction of flow in the uppermost aquifer are shown in
Figure 3-1. The uppermost aquifer is separated from an upper zone of saturation and the bottom of
the BAP unit by a layer of silty clay, organic clay and silt that varies in thickness from 9.5 ft to 33.6
ft. The thicker portions of the layer are typically found along the west side of the BAP farthest from
the Ohio River. Boring logs also suggest that the top of top of the uppermost aquifer ranges in
elevation from approximately 619 ft to 635 ft. above mea sea level (amsl).

3.3 Review of Existing Monitoring Network

3.3.1 Overview

The groundwater monitoring network is shown on Figure 3-2 and consists of two (2) wells located
upgradient (MW-BAP-4 and MW-BAP-5) and three (3) monitoring wells located downgradient
(MW-BAP-1, MW-BAP-2 and MW-BAP-3) of the BAP and provide detection monitoring for the
uppermost aquifer (Sand and Gravel Aquifer). The number, spacing, and depth of groundwater
monitoring wells included in the groundwater monitoring network are based on site-specific
geochemical, geologic and hydrogeologic information of the uppermost aquifer. Well construction
details are summarized in Table 3-1. Boring and well construction logs for the groundwater
monitoring well network wells are provided in Appendix C.

3.3.2 Compliance Assessment

Review of the existing groundwater monitoring well network in relation to the geologic and
hydrogeologic conditions in the area of the BAP indicates that the monitoring well network consists
of a sufficient number of wells installed at the appropriate depths to collect groundwater samples
from the uppermost aquifer that accurately represent the groundwater quality upgradient and
downgradient of the BAP. The groundwater monitoring well network is also capable of providing
upgradient background groundwater quality and downgradient detection monitoring for a potential
contaminant release to the uppermost aquifer (Sand and Gravel Aquifer) nearest the waste boundary.
Based on the above review, the groundwater monitoring network around the Cardinal BAP meets the
requirements of 40 CFR 257.91.
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40 CFR 257.101 (f)(2)(iv)(B)(5)

Any corrective measures assessment conducted as required at 40 CFR
257.96

Not applicable. The Bottom Ash Pond is currently in Assessment
Monitoring.



40 CFR 257.101 (f)(2)(iv)(B)(6)

Any progress reports on corrective action remedy selection and design
and the report of final remedy selection required at 40 CFR 257.97(a)

Not applicable. The Bottom Ash Pond is currently in Assessment
Monitoring.
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The most recent structural stability assessment required at 40 CFR
257.73(d)



STRUCTURAL STABILITY ASSESSMENT

CFR 257.73(d)

Bottom Ash Pond Complex
Cardinal Plant
Brilliant, Ohio

October, 2016

Prepared for: Cardinal Operating Company - Cardinal Plant

Brilliant, Ohio

Prepared by: Geotechnical Engineering Services
American Electric Power Service Corporation
1 Riverside Plaza

Columbus, OH 43215

GERS-16-135



STRUCTURAL STABILITY ASSESSMENT
CFR 257.73(d)

BoTTOM ASH COMPLEX

CARDINAL PLANT

GERS-16-135

PREPARED BY M/ /,\ | . DATE
y4

/ Mohammad A. Ajfouni, Ph.D.,P.E.

DATE

%‘zﬁ_}v\ OAS AN g:“V'\ “ \l“,—-\, ~—
yohn T. Massey{Norton

APPROVED BY
Al ek
Gary F. Zch, P2/

REVIEWED BY

DATE

10/4/2016

e I,L{‘TEU\L,

/a/5’/2DLé
===

Manager — AEP Geotechnical Engineering

™
e\\\\ ?.:.‘._E..uf.
5: *:...MOHAMMAD
s A
£ _i AJLoun
’—-% 5. 57074
,”"’ ..,fs,fn__:?:?o
ll,’ll /ON AL

I certify to the best of my knowledge, information and belief that the information contained in this
structural stability assessment meets the requirements of 40 CFR 257.73(d)

ii




TABLE OF CONTENTS
1.0 OBJECTIVE 257.73 () cooceoesereesesessesesessessssesssssssoesessssossosossossessssessossessessossssossossssessossssossosses
2.0 NAME AND DESCRIPTION OF CCR SURFACE IMPOUNDMENT..........oocoosooseoesesessesssesssssson
3.0 STABLE FOUNDATION AND ABUTMENTS 257.73(d) (1) (i) vvervcrrsersesersomsesmsensssssossssossesses
4.0 SLOPE PROTECTION 257.73(A) (1) (1) c.ceveeserserserssrssrssemsessessossessessessessosssessessssssessesssssessessessos
5.0 EMBANKMENT CONSTRUCTION 257.73 () (1) (111) ccvvrsvrereersrersersessesorsessesessesssssssesssssesssee
6.0 VEGETATION CONTROL 257.73 (@) (1) (1V) cvrsercrsersrsesorsessssossossssesssssssossossssosssssssossosssossos
7.0 SPILLWAY SYSTEM 257.73(A) (1) (V) cvecrserersrsessesssessssossossssossessssossossssssossssosssssssossossssos s
8.0 BURIED HYDRAULIC STRUCTURES 257.73 (d) (1) (Vi) vvcoseroesersorsrsossomsssssossssssossssossossssssees
9.0 SUDDEN DRAWDOWN 257.73 () (1) (VAL)-.errerserserseesesessessessessessessessessossossossssssssssssssessessessoes

iii



1.0 OBJECTIVE 257.73(d)

This report was prepared by AEP- Geotechnical Engineering Services (GES) section to fulfill requirements
of CFR 257.73(d) and document whether the design, construction, operations, and maintenance of the
CCR unit is consistent with recognized and generally accepted good engineering practices. This is the
initial assessment as per the Rule.

2.0 NAME AND DESCRIPTION OF CCR SURFACE IMPOUNDMENT

The Cardinal Power Plant in Wells Township, Jefferson County, near the town of Brilliant in eastern Ohio.
The Cardinal Power Plant is owned by Buckeye Power and AEP Generation Resources (GENCO) a unit of
American Electric Power. is operated by Cardinal Operating Company. The facility operates two surface
impoundments for storing CCR; the Bottom Ash Pond (BAP) Complex and Cardinal Fly Ash Reservoir Il
(FAR 1l) Dam. The focus of this report is the Bottom Ash Pond Complex.

The BAP complex is comprised of diked embankments on the east and west sides while the north and
south sides of the BAP are incised. The complex consists of two separate ponds, the larger bottom ash
pond and the smaller recirculation pond. The entire crest length is just over a mile, and the nominal
crest width is 20 feet. The north end of the pond has been partially filled in with ash and the exact
limits of the pond are poorly defined.

The pond complex was originally developed as part of the construction of Units 1 and 2 in the 1960s.
The crest of the dikes forming the original pond was at El. 658.0. However, the pond complex was raised
to a crest elevation of 970.0 and extensively modified in 1974 as part of the construction of Unit 3.

3.0 STABLE FOUNDATION AND ABUTMENTS 257.73(d)(1)(i)

[Was the facility designed for and constructed on stable foundations and abutments? Describe
any foundation improvements required as part of construction.]

Based on the historical cross-sections extending through both the Bottom Ash Pond and the Recirculation
Pond from the vertical expansion, the original ash pond embankments along the Ohio River ranged in
height from 4 to 6 feet above the bottom of the ash pond.

A subsurface investigation was conducted in 2009 and the strength parameters of the foundation as well
as the embankment were defined based on laboratory tests or correlations to known strengths based on
blow counts. Table 1 lists the material properties for the foundation material.

The original ground surface at the site is generally located between El. 645 and 655. Near surface soils
generally consist of a layer of alluvium silt, clay and fine sand (organic in some locations) over glacial
outwash deposits of variable thickness overlying the bedrock surface. The alluvium clays and silts were
deposited in the backwater of the Ohio River, while the outwash materials typically consist of sand, gravel
and silt deposits deposited during the last ice age. Based on geological literature, the glacial outwash
extends to the bedrock surface, estimated to be roughly 50 to 60 feet below the natural ground surface
at the pond. The upper most bedrock consists of shale and/or sandstone belonging to the Conemaugh
Group of Pennsylvanian Age. The soils were screened for liquefaction potential and found to be
non-liquefiable.
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Table 1 Strength Parameters for main Natural/constructed zones.

4.0 SLOPE PROTECTION 257.73(d)(1)(ii)

[Describe the slope protection measures on the upstream and downstream slopes.]

The Bottom Ash Complex was designed and constructed with soil embankment covered with a layer of
bottom ash built up along the inboard slopes providing further protection. The outboard slopes
primarily consist of grass vegetation with portions of the outboard slope protected by coarse riprap.

Operation and maintenance of the aggregate primarily includes periodic spraying for vegetation control.
Grassed slopes are mowed regularly. Any erosion or slips that may occur is repaired within a timely
period.

5.0 EMBANKMENT CONSTRUCTION 257.73 (d)(1)(iii)

[Describe the specifications for compaction and/or recent boring to give a relative comparison
of density.]

The BAP complex embankments have maximum height of approximately 25 feet and are constructed of
compacted clay on a slope ranging from 2.5:1 (2.5 feet horizontal, 1 foot vertical). The elevation at the
top of the embankment around the perimeter of the BAP is approximately 670 feet msl, and the normal
operating level is approximately 665 feet msl. The embankment fill materials dike ranged from hard
silty Clay to fine and coarse gravel, overlying native material. The interior bottom elevation of the BAP
Complex is approximately 645 feet msl.

The pond complex was originally developed as part of the construction of Units 1 and 2 in the 1960s.
The crest of the dikes forming the original pond was at El. 658.0. However, the pond complex was raised
to a crest elevation of 970.0 and extensively modified in 1974 as part of the construction of Unit 3.

No construction specifications are available for the Bottom Ash Pond. Recent borings through the
embankment indicate that the embankment material is a medium stiff to very stiff sandy lean clay and
representative of a compacted earthen material. A stability analysis of the diking system was also
conducted which demonstrates that the facility has a factor of safety great than minimum values
required by the CCR rule.

6.0 VEGETATION CONTROL 257.73 (d)(1)(iv)

[Describe the maintenance plan for vegetative cover.]

The vegetative areas are mowed to facilitate inspections and maintain the growth of the vegetative
layer; and prevent the growth of woody vegetation.
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7.0 SPILLWAY SYSTEM 257.73(d)(1)(v)

[Describe the spillway system and its capacity to pass the Inflow Design Flood as per its Hazard
Classification.]

The Bottom Ash Complex has been determined to be a Significant Hazard potential CCR impoundment.
Based on this hazard classification the design flood is determined by section 257.82(a)(3) to be the
1000-year storm. An analysis was performed for the 50% Probable Maximum Flood (PMF), which looks
at 50% of the runoff from PMP storm of 33 inches in 24 hours. This produces significantly more runoff
than the 1000-year storm and therefore exceeds the requirements of section 257.82(a)(3).

The Cardinal Bottom Ash Complex is comprised of diked embankments on three sides which directs
storm water away from the impoundment and limits runoff to that which falls directly on the pond
surface. The area of the pond is approximately 24.3 acres. The pond also receives pumped inflow from
plant facilities and stormwater collection areas.

Discharge to the Ohio River is through a principal spillway located at the south end of the recirculation
pond (a drop outlet and a 36”-pipe). During normal operation, there is no discharge to the river; rather
all flows are re-circulated into the plant via the pump station located on the west side of the
re-circulation pond.

Based on the flood routing, the calculated peak discharge from the dam is 67.7 cfs at a maximum pool
elevation of 668.1 feet NGVD.

8.0 BURIED HYDRAULIC STRUCTURES 257.73 (d)(1)(vi)

[Describe the condition of the sections of any hydraulic structure that in buried beneath and/or
in the embankment.]

The discharge pipe does not show any sign of corrosion or deterioration based on an exterior visual
inspection.

9.0 SUDDEN DRAWDOWN 257.73 (d)(1)(vii)

[If the downstream slope is susceptible to inundation, discuss the stability due to a sudden
drawdown.]

The downstream slope of the Bottom Ash Complex is not expected to be inundated from any adjacent
water bodies.
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Bottom Ash Pond Initial Safety Factor Assessment
Cardinal Power Plant

Brilliant, Ohio

S&ME Project No. 7217-15-007A

1.0 Introduction

1.1 Background

In April of 2015, the US EPA formally published national regulations for disposal of coal combustion
residuals (CCR) from electric facilities. As part of the rule, the owner or operator of the CCR unit must
obtain a certification from a qualified professional engineer stating that aspects of the CCR
impoundments are in accordance with the rules. Based on our understanding of the Request for Fee
Estimate received from AEP on April 29, 2015, AEP specifically requested P.E. certification to fulfill the
requirements of 40 CFR § 257.73(e), Periodic Safety Factor Assessments. In the employment of BBC&M
Engineering, Inc,, the undersigned engineers conducted site investigations at the bottom ash pond in
2009 and 2010. Due to our familiarity with the site, S&&ME was selected to perform the Safety Factor
Assessment for this facility. S&ME understands that certification and/or documentation for other
structural integrity criteria will be performed by AEP or other consultants.

1.2 Location and Geologic Conditions

The Cardinal Generating Plant is located along the Ohio River between Brilliant, Ohio and Tiltonsuville,
Ohio. The Bottom Ash Pond Complex is located along the west bank of the river just to the south of the
Unit 3 area. The Bottom Ash Complex consists of two components: the Bottom Ash Pond and the
Recirculation Pond. The Bottom Ash Pond is located north of the Recirculation Pond and they are
separated by an earthen embankment. The crest elevation for all of the embankments has a minimum
Elevation of 670 feet. The total length of the exterior embankment along the Ohio River is approximately
2,000 feet. Based on the current topography around the bottom ash complex, there is no discernable
embankment on the north and south ends, thus the areas of the pond embankments are typically
identified by referencing the eastern or western embankments. The bottom ash pond is operated at a
constant Elevation of 664.5 feet. For comparison, the normal pool for this stretch of the Ohio River is EL.
644, as controlled by the Pike Island Dam Both ponds are isolated from exterior surface water inflow and
during normal operation, all water that enters the pond is pumped back to the plant via the pump station
located within the Recirculation Pond. The exception is during high rainfall events where the principal
spillway may activate releasing water into the Ohio River through an NPDES outfall. The discharge is
controlled by a 4-foot wide weir surveyed at Elevation 666.2. A review of the historical plans available for
the bottom ash pond facility is included in Appendix V.

The original ground surface at the site is generally located between El. 645 and 655. Near surface soils
generally consist of a layer of alluvium silt, clay and fine sand (organic in some locations) over glacial
outwash deposits of variable thickness overlying the bedrock surface. The alluvium clays and silts were
deposited in the backwater of the Ohio River, while the outwash materials typically consist of sand, gravel
and silt deposits deposited during the last ice age. Based on geological literature, the glacial outwash
extends to the bedrock surface, estimated to be roughly 50 to 60 feet below the natural ground surface at
the pond. The upper most bedrock most likely consists of shale and/or sandstone belonging to the
Conemaugh Group of Pennsylvanian Age.
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Figure 1-1 — Cardinal Plant

1.3 Previous Investigations

In 2009, the undersigned engineers, when in the employment of BBC&M Engineering, Inc., completed a
subsurface investigation and geotechnical assessment of the bottom ash pond embankments. The
assessment, dated August 4, 2009, concluded that the embankment exhibited adequate factors of safety
against slope failure under steady-state seepage and seismic loading conditions relative to typical US
Army Corps of Engineers requirements. In 2010, BBC&M Engineering, Inc. performed additional
geotechnical analyses and an hydrology and hydraulic evaluation of the pond. As part of this work,
additional slope stability failure modes were examined, including the maximum surcharge pool and rapid
drawdown load cases. A report documenting the additional geotechnical analysis, dated December 17,
2010, was submitted as an addendum to the 2009 report. The text from the 2009 report and an excerpt
from the 2010 follow-up report is Appendices V and VL.
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2.0 Scope of Work

In accordance with AEP’s request, the following work items were performed by S&ME:

1. S&ME completed a cursory review of previously conducted assessment work performed by the
undersigned engineers, as well as a limited number of construction documents made available by
AEP.

2. S&ME visited the site along with personnel from AEP. The site visit was not a formal inspection, but
rather served to document any significant modifications or changed conditions that may have taken
place since the time of the previous investigations.

3. Upon completing Tasks 1 and 2, S&ME determined that there was insufficient information to certify
the structural integrity of the surface impoundment in accordance with the requirements of 40 CFR §
257.73(e). To this end, S&ME was authorized to perform a supplemental investigation to support the
safety factor assessment. Details regarding the investigation are described in the following sections of
this report.

3.0 Information Review and Site Visit

S&ME conducted a cursory review of previous documents relating to the bottom ash pond and
conducted a site visit at the facility. AEP provided S&ME with the following documents:

Site Development Plan 1973 (Dwg. 3-3017-5 and 3-3027-3)

Assessment of Dam Safety Final Report, Clough Harbour, & Assoc., December, 2009

Bottom Ash Pond Subsurface Investigation & Analysis, BBC&M Engineering, Inc., August, 2009
Addendum to Bottom Ash Pond Investigation, BBC&M Engineering, Inc., December, 2010

* & o o

On August 18, 2015, the undersigned S&ME personnel met with Dr. Mohammad Ajlouni (AEP Civil
Engineering) and Mr. Randy Sims (Landfill Operations) at the Cardinal Plant and conducted a site visit at
the bottom ash pond. The participants discussed and observed the operations of the bottom ash and
recirculation ponds, including the hydraulic structures within the ponds. During our visit, two localized
possible seepage areas were observed on the outboard slope of the eastern embankment of the
recirculation pond. Based on discussions with the group, it was believed that the seepage areas were
relatively new.

One apparent seepage area was located immediately north of the existing riprap and the other was
approximately 300 feet north of the riprap. The limits of the possible seepage areas were delineated with
a handheld GPS unit. The apparent seepage areas range from 35 to 50 feet wide by 6 to 8 feet high. The
seepage areas were observed to be wetter than the surrounding area and were muddy in some areas,
which may be a result of mowing operations. While the ground surface has been softened as a result of
seepage, there was no indication of flowing water emanating at either of the areas at the time of our visit.
Additionally there was no indication of piping of soil. S&&ME understands the riprap on the outboard slope
of the recirculation pond to the south of the new seepage area was constructed as an inverted filter;
similar seepage conditions were observed in this area resulting in construction of the filter. Based on the
historical drawings, the embankments do not contain any internal drains to intercept/control the phreatic
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surface within the embankment. Despite this, S&ME understands the embankments have otherwise
performed well, particularly in regard to shallow sloughs along the outboard slope of the 41 years that
they have been in service in the current configuration.

While no other visual observations suggested dam safety concerns, S&ME noted the following
modifications to the bottom ash pond complex since the 2009 and 2010 assessments:

¢ The northern section of the western bottom ash pond embankment was widened on the
outboard side to create additional space for construction staging.

¢ Crest improvements were made to raise low areas and establish a consistent top of dam Elevation
of 670 feet.

¢ The 2009 investigation focused only on the river side embankment. Although the river side
embankment is significantly taller than the west embankment, investigation of the west
embankment was believed to be warranted.

4.0 Field and Laboratory Work

As part of the 2009 investigation, 7 soil borings were performed along the eastern embankment of the
bottom ash pond and recirculation pond. For the 2015 supplemental investigation, S&ME performed 4
soil borings along the western embankments, as well as two additional shallow borings through the
eastern embankment crest upstream from the identified seepage areas. The borings are designated as
CD-BAP-1501 through B-1505 and MW-BAP-4 through MW-BAP-5. Boring CD-BAP-1503, originally
planned to be located at the toe of the west embankment could not be accessed and was not performed.
Boring numbers with ‘MW’ indicate a monitoring well was installed at this location, which were performed
as part of a separate hydrogeology study. Additionally, S&ME installed three other monitoring wells,
designated MW-BAP-1 through MW-BAP-3, and advanced one soil boring designated CD-BAP-1506 as
part of the separate hydrogeology study at the bottom ash pond facility. Although not performed as part
of this factor of safety assessment, the results from these explorations were considered in developing our
understanding of the embankments and foundation soils. Locations of all explorations are shown on the
Plan of Borings included as Drawing No. 1 in Appendix L

Laboratory testing was performed on selected representative soil samples obtained during the field
investigations to determine natural moisture content (ASTM D2216), liquid and plastic limits (S&ME
adjustment to ASTM D4318), and grain size analyses (ASTM D422). The results of these and other tests
permit an evaluation of the strength, compressibility and permeability characteristics of the soils
encountered at this site.

The results of the moisture content testing and of the liquid and plastic limits are graphically displayed on
the individual boring logs presented in Appendix I. All laboratory test results, including a summary of
laboratory test results and grain size analyses are presented in Appendix II.
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5.0 Subsurface Conditions

5.1 Stratigraphy

Borings CD-BAP-1501,CD-BAP-1502, and MW-BAP-5 were performed from the crest of the western
embankment, while Boring MW-BAP-4 was performed from the toe of the western embankment. Based
on the descriptions of the samples recovered in the borings and laboratory testing, the subsurface
stratigraphy for each section can generally be described in descending order from the top of the western
embankment as follows:

¢ Borings CD-BAP-1502 and MW-BAP-5 were performed from the crest of the embankment
encountered 15 inches of aggregate at the ground surface overlying 10 to 13 feet of
embankment fill consisting of medium-dense to dense fine to coarse sand and gravel and hard
clayey silt. SPT N-values (corrected for 60% energy) ranged from 13 to 60 while hand
penetrometer measurements on samples exhibiting cohesion ranged from __to 4.5+ tons per
square foot (tsf).

¢ Boring CD-BAP-1501 was performed from the widened crest area. The boring encountered 15
inches aggregate underlain by 11.5 feet of embankment fill consisting of a thin stratum of
medium-stiff clayey silt over of loose to medium dense fine to coarse sand.

¢ Underlying the embankments, the borings encountered alluvial soils consisting of

Borings CD-BAP-1504 and CD-BAP-1505 were performed from the crest of the eastern embankment
adjacent to the observed seepage areas. The main purpose of these boring was to identify potential
anomalies within the embankments that would suggest a unique circumstance which could be
contributing to the observed seepage. Both borings were advanced to a depth of 16 feet within the
embankment fill. For reference, the seepage areas were observed to begin approximately 6 to 8 feet
below the crest. These borings, along with results from the sampling from monitoring wells MW-BAP-1,
MW-BAP-2 and MW-BAP-3 did not reveal any appreciable differences from the crest borings performed
during the 2009 investigation, such as a layer or zone of clean sand, as the embankment fill was already
known to contain soils of a varying degree.

The stratigraphy of the eastern embankments is summarized in the text from the 2009 Investigation
included as Appendix V.

5.2 Groundwater Conditions

Groundwater observations were made as each boring was being advanced and measurements were made
at the completion of drilling. The groundwater observations are graphically displayed on the boring logs
and also noted at the bottom of the log, and are referenced from the ground surface. Groundwater was
encountered within the crest borings at a depth of approximately 15 feet. Groundwater in Boring MW-
BAP-4 was encountered at a depth of 5.5 feet. The groundwater readings correlate to an approximate
Elevation of 655 feet.

Temporary open standpipe piezometers were installed in Borings CD-BAP-1504 and CD-BAP-1505 to
obtain groundwater information in relation to the observed seepage area. Unfortunately, owing to the
presence of overhead electric along the outboard side of the crest, the borings had to be performed near
the inboard side of the crest. Several longer term groundwater readings were taken during the course of
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the field work. The readings are summarized on the individual well logs, and generally range between
Elevation 661 and Elevation 663. The readings indicate a small decrease in water level from the
recirculation pond operating pool. It should be noted that all of the wells positioned within the crest are
located on the inboard side to avoid blocking the road as well as the overhead power lines.

5.3 Shear Strength and Permeability

The laboratory testing results for the 2015 investigation were compared to laboratory testing completed
as part of the 2009 investigation. The comparison of the index testing was performed to determine if
there was any justification for developing different shear strength and permeability values for the
subsurface materials encountered in the western side of the complex than had been previously been
estimated for cross-sections on the eastern side in 2009. As the results of the 2009 laboratory index
testing are very similar to the new index testing results, S&ME is of the opinion that the strength
parameters used to characterize the eastern embankment and foundation soils in 2009 are applicable to
the supplemental investigation of the western embankment and foundation soils.

The shear strength parameters used in the slope stability analysis are shown in Table 5-1.

Table 5-1 — Shear Strength Parameters

Material Description
- (pcf) o ¢ (psf) Reference

SPT and Index Testing

Newer Embankment Fill 125 31° 0 .
Correlations
Original Embankment Fill 125 30° 100 Index Testing Correlations
Alluvium Silt and Clay 125 30° 0 Index Testing Correlations
Index Testing Correlations and
Organic Clayey Silt 125 30° 0
ganic Liayey > CU Triaxial Test (BBCM 2009)
Very Loose to Loose Glacial o . .
Outwash Sand and Gravel 115 29 0 SPT and Grain Size Correlations
Medium Dense Glacial . - .
Outwash Sand and Gravel 120 34 0 SPT and Grain Size Correlations
G [
ranuiar 115 30° 0 SPT and Grain Size Correlations

Embankment Fill®
WApplies only to widened crest area on the northwestern side of bottom ash pond

6.0 Safety Factor Assessment

As part of the safety factor assessment, S&ME completed Parts 1 and 2 of Section 257.73(e) of the Final
Rules for the Disposal of Coal Combustion Residuals from Electric Utilities published on April 17, 2015 in
the Federal Register. In accordance with the Rule, the analysis was performed for the critical cross-
sections(s) that are anticipated to be most susceptible of all cross-sections to structural failure based on
appropriate engineering considerations. The Rule specified the following loading conditions for analysis:
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i.  Static Factor of Safety under the long-term, maximum storage pool loading condition must equal
or exceed 1.50.

ii.  Calculated static factor of safety under the maximum surcharge pool loading condition must
equal or exceed 1.50.

iii.  The calculated seismic factor of safety must equal or exceed 1.00.

iv.  For dikes constructed of soils susceptible to liquefaction, the calculated liquefaction factor of
safety must equal or exceed 1.20.

6.1 Limit Equilibrium Analyses

The 2009 Investigation Report and the 2010 Addendum discuss in detail the subsurface investigation,
laboratory testing, parameter justification, seepage analyses and limit equilibrium slope stability analyses
that were performed to develop safety factors for the bottom ash pond embankments. As mentioned
previously, engineering parameters developed as part of the 2009 and 2010 investigations were utilized
for the new analyses associated with the western embankment as the laboratory testing and subsurface
investigation did not encounter soil properties that differed greatly from the soils encountered in the
previous investigations.

In summary, four sections along the eastern (river-side) embankment and two sections along the western
embankment were studied. Both cross-sections through the western embankment are located within the
bottom ash pond as the embankment adjacent to the recirculation pond is only 4 to 6 feet high and
access to the toe was not readily available. Subsurface information for each section was obtained by
performing borings through the crest and toe of the embankment. Based on a review of all six sections
explored, three were selected for detailed limit equilibrium stability analysis (two on the eastern
embankment and one on the western embankment).

Prior to performing the limit equilibrium stability analyses as part of the 2009 assessment, seepage
analyses were performed to develop a better understanding of the likely phreatic surface within the
embankment and foundation. The models were calibrated by adding additional total head boundary
conditions within the subsurface to best model the groundwater table as observed in the observation
wells. Although a classically shaped phreatic surface extending from the ash pond level to the Ohio River
was generated by the seepage analyses, much of the seepage emanating from the ponds appears to be
moving downward through the newer embankment fill and thin stratum of alluvium soils and into the
glacial outwash sand and gravel stratum which essentially serves as a drain.

Results of the slope stability analysis indicate that the critical cross-section occurs through the eastern
embankment of the bottom ash pond (referred to as Section D in the 2009 and 2010 assessments). The
design cross-section does not vary along the eastern embankment, but Section D yielded the lowest
factors of safety due to slight variations in the outboard slope. All load cases performed for the Safety
Factor Assessment as well as additional load cases evaluated for typical US Army Corps of Engineer’s
requirements met the minimum factor of safety for global stability.

One observed seepage area is located just north of Section B and the other is located approximately 200
feet south. Comparison of boring logs for CD-BAP-1504 and CD-BAP-1505 with the log for boring CD-
PZ-BAP-0902 located at Section B do not reveal any key differences in the embankment fill. In fact, Boring
CD-PZ-BAP-0902 exhibited a larger zone of granular embankment fill located within the observed
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elevation of seepage on the outboard slope, but no seepage was observed adjacent to this boring. The
fill soils are believed to vary laterally through the embankment as much as it was observed to vary
vertically at the boring locations, suggesting that the granular layers observed in the borings are unlikely
to extend all the way through the embankment. Considering this, it is the opinion of S&ME that at this
time, the seepage areas are representative of localized pockets of more permeable soils within the overall
embankment matrix. As such, it is not believed that the phreatic surface intercepts the outboard face, but
rather that there are narrow zones of seepage with unsaturated soils beneath. Nonetheless, these areas
should be addressed, as further discussed below.

As noted, the seepage observed during our August, 2015 site visit appeared to occur in two isolated
areas. With time, the outboard slope at these locations may weaken due to the presence of groundwater
within close proximity to the ground surface resulting in reduced shear strength and shallow slope
failures. Though such a failure would typically be minor in extent, S&ME recommends these areas be
addressed in the near future before they lead to more significant issues over time. Construction of an
inverted filter may be suitable given the performance of the existing inverted filter on the south end.
S&ME also recommends continued monitoring of these areas to ensure soils particles are not being
carried from inside the embankment.

6.2 Liquefaction Potential of Embankment Soils

S&ME evaluated the potential of the embankment soils to liquefy during a seismic event. The
embankment material is classified as a fined grained material and the recovered samples with gradation
testing were evaluated following guidelines presented in the 2003 NEHRP (National Earthquake Hazards
Reduction Program) Recommended Provisions for Seismic Regulations for New Buildings and Other
Structures. The provisions in Chapter 7 indicate that liquefaction potential in fine grained soils should be
assessed provided the following criteria are met (Seed and Idriss 1982; Seed et al., 1983): the weight of
the soil particles finer than 0.005 mm is less than 15 percent of the dry unit weight of a specimen of the
soil; the liquid limit of soil is less than 35 percent; and the moisture content of the in-place soil is greater
than 0.9 times the liquid limit. If all of these criteria are not met, the soils may be considered non-
liquefiable.

Laboratory testing results from 16 fine grained samples that were available from the 2009 and 2015
investigations for evaluation of the screening criteria. Of the 16 samples, 8 samples contained data to
check all three screening criteria, and 7 samples contained data to check two screening criterion. Based
on the results of the screening, no sample met all 3 criteria; therefore, these fine grained embankment fill
can be considered non-liquefiable. A table depicting this evaluation is included in Appendix IV.

The potential for the coarse grained embankment soils to resist liquefaction was evaluated. The fine
grained (cohesive) and coarse grained (granular) embankment soils appear to be from the same borrow
source as there are no well-defined layers and often only minor variations in the percent by weight of the
recovered sample change the main description from fine grained to coarse grained. Although
construction records were not available, the density of the coarse grained samples and consistency of the
fine grained samples within the embankment fill suggest they were well compacted. Based on the
controlled manner in which the fill was placed, the coarse grained embankment soils can be considered
non-liquefiable.
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6.3 Summary of Results

A summary of the computed safety factors for the critical cross-section is provided in Table 5-2. Also
included in the table are the minimum values defined in 40 CFR § 257.73(e)(1) subparts (i) through (iv).
Graphical output corresponding to the analysis cases are presented in Appendix IV along with additional
slope stability load cases evaluated during the course of the bottom ash pond assessments.

Table 6-1 — Safety Factor Summary

Minimum Safety Computed Safety
Analysis Case Factor Factor
Long-term, maximum storage pool 1.50 1.52
Maximum surcharge pool 1.40 1.52
Pseudo-static seismic loading 1.00 1.09
Embankment Liquefaction 1.20 Non-liquefiable

7.0 Certification

Based on our previous investigations and current assessment of the Bottom Ash Pond facility, S&ME
certifies that this assessment meets the requirements of paragraphs (e)(1) and (e)(2) of Part 257.73 for the
critical cross-section of the embankment.

We appreciate having been given the opportunity to be of service on this project. If you have any
questions, please do not hesitate to contact this office.

Sincerely,
S&ME, Inc.
7 9 /
Wit A, L}
Michael T. Romanello, P.E. Michael G. Rowland, P.E.
Project Engineer Senior Engineer
Registration No. 74384 Registration No. 65559
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Appendix I - 2009 & 2015 Site Investigation Figures
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EXPLANATION OF SYMBOLS AND TERMS USED ON BORING LOGS
FOR SAMPLING AND DESCRIPTION OF SOIL
SAMPLING DATA

- Blocked-in "SAMPLES" column indicates sample was attempted and recovered within this depth

interval.
m - Sample was attempted within this interval but not recovered.
2/5/9 - The number of blows required for each 6-inch increment of penetration of a "Standard" 2-inch O.D.

split-barrel sampler, driven a distance of 18 inches by a 140-pound hammer freely falling 30 inches.
Addition of one of the following symbols indicates the use of a split-barrel other than the 2" O.D.

sampler:
2S| - 2%"0.D. split-barrel sampler
3S - 3" O.D. split-barrel sampler
P - Shelby tube sampler, 3" O.D., hydraulically pushed.
R - Refusal of sampler in very-hard or dense soil, or on a resistant surface.
50-2" - Number of blows (50) to drive a split-barrel sampler a certain number of inches (2), other than the
normal 6-inch increment.
S/D - Split-barrel sampler (S) advanced by weight of drill rods (D),
S/H - Split-barrel sampler (S) advanced by combined weight of rods and drive hammer (H).

SOIL DESCRIPTIONS

All soils have been classified basically in accordance with the Unified Soil Classification System, but this system
has been augmented by the use of special adjectives to designate the approximate percentages of minor
components as follows:

Adjective Percent by Weight
trace 1to 10
little 11 to 20
some 21to 35
"and" 36 to 50

The following terms are used to describe density and consistency of soils:

Term (Granular Soils) Blows per foot
Very-loose Less than 5
Loose 5to 10
Medium-dense 11 to 30
Dense 31 to 50
Very-dense Over 50
Term (Cohesive Soils) Qu (tsf)
Very-soft Less than 0.25
Soft 0.25t00.5
Medium-stiff 0.5t0 1.0
Stiff 1.0t0 2.0
Very-stiff 2.0t0 4.0
Hard Over 4.0

PLATE 3




Page 1 of 1 LOG OF BORING NO. CD-BAP-1501
BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH

2010 NEW DEFAULT BORING LOG-W/ N60

LOCATION:  N. 820,853, E. 2,513,678 ELEVATION: 671 DATE:  11/17/15 - 11/18/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 16.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
D m & L m —~ SIS NATURAL CONSISTENCY INDEX
> Eefd 2 = = ATURAL MOISTURE CONTENT TEST
3 BESEEE 2|5 53 DESCRIPTION Wy . RESULTS
Q0 Nz [N n H §) ~ 4 PLASTIC LIMIT4LIQUID LIMIT
AGGREGATE - 15 INCHES S 10 220 - 30 - 40
669.8 12 N N N N NN
| /is | 45 | 87 | FILL: Medium-stiff gray clayey silt, "and" fine to
Iy coarse sand, little fine gravel, intermixed with
668.2 5, silty clay, damp.
2 6, | 13 ] 67 | FILL: Loose to medium-dense brown and gray
3 4 fine to coarse sand, little to some silty fine to
5 3 /3/ g | 53 | coarse gravel, little to some silt, damp. G
3
3
4 / 2, | 6|83
3
1
5 / 3, |10 80
5
31 i
6 /6/ 18 | 80 G
104 8 _
1077 Ts0-1R 0
659.5
8 / FILL: Dense brown fine to'coarse sand, trace fine ;
css0 8 19, | 40 | 73 | gravel, some to "and" clayey silt, damp. : LS
- 13 : : e
%A M0 43 | 100 | FILL: Stiff to very-stiff gray silty clay, some to § a i - H=175-2.25
9B 15, "and" fine to coarse sand, little fine to coarse : s e " H=3.0-4.0
656.5 . 19 gravel, damp : B B
159 1o /e | 34 | 67 | FILL: Dense brown and gray fine to coarse sand,
| 655.0 19 little fine'to coarse gravel, some silt, damp.
- Boring backfilled with cement bentonite grout.
- Boring location recorded with a hand-held GPS
unit. Elevation estimated from March, 2015 plant
survey.
-20- - Datum: Ohio State Plane South NAD 27/
NAVD 29 (Plant Grid).
L 25,
| 307 N N Do s N N Lo
WATER LEVEL: X A 4 5= ngffsgfofsm TsoeeINDICZ;T_EP::EErSjiJZES (ot) Drill Rod Energy Ratio: 0.75
WATER NOTE: %:;{“?O“ Com%Separate W-Unit Dry wt (pct) | LastCalibration Date: 2/20/2013
DATE: c- cg;géfomp Curves D - Relative Dens (%) Drill Rig Number : S&ME

ATV 550-2
PLATE 3

JOB: 7217-15-007A



2010 NEW DEFAULT BORING LOG-W/ N60

LOG OF BORING NO. CD-BAP-1502

Page 1 of 2
£ BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 820,839, E. 2,513,713 ELEVATION: 671 DATE: 11/18/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 41.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. " m & L m —~ [SAEN NATURAL CONSISTENCY INDEX
> B dd a0 = ATURAL MOISTURE CONTENT TEST
AR DESCRIPTION g e RESULTS
=
Q0 §) % g (</c3 H ;C) P 4 PLASTIC LIMIT4LIQUID LIMIT
AGGREGATE - 12 INCHES ‘ 10 20 30 40
670.0 . B N
3, FILL: Dense brown and gray fine to coarse : :
ccs.s 1 12, | 38 | 33 | gravel, some fine to coarse sand, little silt, damp. 5 E
- 18 : :
15 FILL: Hard brown and gray clayey silt, "and" fine f f -
667.2 2 18, | 60 | 80 | to coarse sand, little fine gravel, damp. : : . H=45
3 30 FILL: Medium-dense to very-dense brown and : :
L5 3 />3 | 51 | 80 | gray fine to coarse sand, little to some fine to ; ;
18 coarse gravel, little to some silt, silty clay, or § §
10 clayey silt (varies), damp. : :
/ : ;
4 12, | 3180 o <= G
13 ; ;
8
5 ho | 26 | 93
662.5 T
9, FILL: Hard gray and brown clayey silt, some to o
6 11, | 33 | 87 | "and" fine to coarse sand, little fine to coarse . H=45
104 15 gravel, damp.
11 i
7 /15/ 4| 53 o < ¥ T H=45
18 : :
P :
657.5 -
3, FILL: Medium-dense gray and brown fine to -
8 4, | 14|67 | coarse sand, some fine to coarse gravel, some -
-15- 7 silty clay, moist becoming wet. —
P s
7, FILL: Medium-dense gray fine to coarse sand, S
652.7 9 7, | 191 87 | some fine to coarse gravel, some clayey silt, wet. ® XX G
7 8 Stiff gray clayey silt, some fine to coarse sand, N
10 / 6, | 11 ]100 some fine gravel, moist. o T H=1.25
20 3 ii :
P =1.25
649.2 —
4 Stiff brown silty clay, some fine to coarse sand, = i
11 /s 13 | 73 | little to some fine to coarse gravel, moist. o TTH=25
/ 5 — :
517[ e :
12 sﬂé 0 |33 ° H=1.25
i H o
645.5 | 20
Very-stiff red-brown mottled with gray silty clay,
SH trace to little fine to coarse sand, contains silt -
13 5/ . 16 | 93 seams, damp. H=3.0-3.75
2
14 /4/ 13 | 93 ~ H35
| 307 N N Do s N N Do
WATER LEVEL: -~ y oS USED TsoeeINDICZ;T_EPTESE RESSLTS ——{Drill Rod Energy Ratio: 0.75
WATER NOTE: 9 - Uncon gom%Separate o et ey’ | Last Calibration Date :  2/20/2013
DATE: c- Cgrllzzl ; OMP | curves D - Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007A -CONTINUED- ATVSS02

PLATE 4



2010 NEW DEFAULT BORING LOG-W/ N60

Page 2 of 2

LOG OF BORING NO. CD-BAP-1502

CARDINAL PLANT, BRILLIANT, OH

BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION

JOB: 7217-15-007A

LOCATION: N. 820,839, E. 2,513,713 ELEVATION: 671 DATE: 11/18/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 41.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. " m & L m —~ SIS NATURAL CONSISTENCY INDEX
> EE— A S R = ATURAL MOISTURE CONTENT TEST
2 |58 % % % % z |2 =3 DESCRIPTION X§°—X RESULTS
?0 Nz [N n H §)C‘ 4PLASTIC LIMIT4LIQUID LIMIT
Very-stiff red-brown mottled with gray siltyclay, |- 10 . 20 - 30 .. 40
3 trace to little fine to coarse sand, contains silt SR e IR
6
K 15 | g7 | Scams, damp. H=3.5
638.5 /
Stiff to very-stiff brown mottled with gray silty
clay, some to "and" from to medium sand, trace 1=1.5-2.05
636.5 coarse sand, damp.
L 35 1 / Loose red-brown from to medium sand, trace
16 ;| 8 100 coarse sand, "and" silt, damp.
3
634.0
Stiff red-brown silty clay, "and" fine to medium
3 sand, trace coarse sand, trace fine gravel, damp.
6327 17 @/ 6 | 100 H=1.75
s " " .
/4 Very-loose brown fine to medium sand,"and :
silt, damp. :
~40- 5
ity K L5 e G
| 629.5 1 :
- Encountered waterat.15.0'.
- Boring backfilled with cement bentonite grout.
- Boring location surveyed with a hand-held GPS
45+ unit. Elevation estimated from March 2015 plant
survey.
- Datum: Ohio State Plane South NAD 27/NAVD
29 (Plant Grid).
[ 50,
L 55,
7607 SYMBOLS USED TO INDICATE TEST REéULTé - .‘ : - — . —
WATER LEVEL: X A 4 G- Gradation oo H - Penctrometer (tof) Drill Rod Energy Ratio: 0.75
WATER NOTE: 97 Jncon gom%Separate W-Unit Dry wt (pcf) | Last Calibration Date: 2/20/2013
DATE: c- Cgrllzzl ; OMP | curves D - Relative Dens (%) Drill Rig Number : S&ME
ATV S50-2

PLATE 5



2010 NEW DEFAULT BORING LOG-W/ N60

LOG OF BORING NO. CD-BAP-1504

P 1of1
ageto BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 819,154, E. 2,513,525 ELEVATION: 670 DATE: 11/16/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 18.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. > m & |m m —~ [SAS NATURAL CONSISTENCY INDEX
> EefE 2 o= = TEST
E EE E g E E g 2% E EU) DESCRIPTION ﬁATURAL MOISTURE CONTENT RESULTS
D0 53 % é 3:3 H C</C) ~ 4 PLASTIC LIMITlLIQUID LIMIT
AGGREGATE - 16 INCHES 10 20 30 40
668.7 : — =
1 40 | 87 | FILL: Hard gray and brown silty clay, some fine §
6675 to coarse sand, brown fine gravel, dry. ;
FILL: Medium-dense dark-brown fine to coarse : 3
666.0 2 24 | 80 | sand, trace fine gravel, trace silt, dry. § H=4.0
FILL: Hard gray and brown silty clay, "and" fine
ceas 5 3 49 1 93 | to coarse sand, little fine gravel, dry. : H=4.0
FILL: Dense dark-gray and brown fine to coarse
4 53 | 100 | sand, little to some fine to coarse gravel, some o H=4.0
663.0 silty clay, dry. ‘
7 5 39 | ¢7 | FILL: Hard brown silty clay, some fine to coarse
661.5 sand, little fine gravel, dry.
FILL: Medium-dense to dense brown and
6 44 | 33 | dark-gray fine to coarse sand, little to some fine :
- 10 to coarse gravel (sandstone fragments), little to §
7 34 | ¢7 | "and"silty clay, dry. G
8 3|27 ° e
9 54 | 47 :
Baal 1410
654.0 o =1.5-
190 FIL L« Medium-stiff to stiff brown and gray silty o p=l52.0
clay, some fine to coarse sand, little fine to coarse L 3
652.0 12 10 gravel, damp becoming wet. : . H=0.75-1.5
204 - No seepage encountered.
- Encountered water at 16.5'.
- Borehole converted to temporary piezometer
upon completion - See Separate Well Log.
- Boring backfilled with cement bentonite grout.
- Boring location surveyed with a hand-held GPS
unit. Elevation estimated from March 2015 plant
survey.
- Datum: Ohio State Plane South NAD 27/NAVD
25 29 (Plant Grld)
WATE}S&VEL: VA v G Gradstionn g T al—lmel RESTS — Drill Rod Energy Ratio : 0.75
WATER NOTE: In Well 0 - Uncon Com%%parate oot et ey | Last Calibration Date :  2/20/2013
DATE: 12/10/15 ¢ oblax CO™P | cyurves | D-Relative Dens (%) Drill Rig Number : S&ME
ATV 550-2—

JOB: 7217-15-007A

PLATE 6



2010 NEW DEFAULT BORING LOG-W/ N60

LOG OF BORING NO. CD-BAP-1505

JOB: 7217-15-007A

Page 1 of 1 BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 819,448, E. 2,513,591 ELEVATION: 670 DATE: 11/17/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 17.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
o E"F E % 5_] 'uj E E o\:: NATURAL CONSISTENCY INDEX
E EE E g E E g Z% E 8 DESCRIPTION ﬁATURAL MOISTURE CONTENT RI;FSEUSETS
D0 §) % % ‘~'</t3 H §) P 4 PLASTIC LIMITlLIQUID LIMIT
AGGREGATE - 16 INCHES 10 20 30 40
6687 . ; = N
1 12| 31 | 60 | FILL: Medium-dense to dense brown and gray
13 fine to coarse sand, some fine to coarse gravel,
9 little silt, dry.
2 1o | 65 | 53
666.0 "40
10 FILL: Medium-dense brown fine to coarse gravel,
L5 3 10, 24 | 53 | some fine to coarse sand, little to some silt, dry.
6 9
4 log 129 |13
14
8
5 log 128 |80
661.5 13
v 5, FILL: Very-stiff to hard brown clayey silt, "and" o
6 7, | 15 ] 33| fine to coarse sand, little to some fine to coarse hd . H=35
- 10 5 gravel, damp to moist.
659.2 7A %, 23 | 100 o =15
7B 7/11 FILL: Medium-dense brown and gray fine to :
7 coarse sand, some fine to.coarse gravel, little silty ;
8 / 5 18 | 73 | clay, dry. -
657.0 9 o
4, FILL: Hard brown-and gray silty clay, some fine ; L
9 8, | 16| 67 | to coarse sand, little fine to coarse gravel, moist. ® | H=4.5
; S E——
ERIR ErREY o H=4.5
654.0 /g s G
4, FILL: Medium-stiff brown and gray silty clay,
11 3, | 11133 | some fine to coarse sand, little fine to coarse H=0.5-1.0
6525 6 h gravel, moist. -
- No seepage encountered.
20 - Encountered water at 14.5'.
- Borehole converted to temporary piezometer
well upon completion - See Separate Well Log.
- Boring backfilled with cement bentonite grout.
- Boring location surveyed with a hand-held GPS
unit. Elevation estimated from March 2015 plant
survey.
- Datum: Ohio State Plane South NAD 27/NAVD
29 (Plant Grid).
L2 5,
WATERLEVEL: © a8 ¥ S T T TIECAE e TR il Rod Energy Rato 075
WATER NOTE: In Well Q- Uncon Complgonarate| w-Unit Dry Wt (pcf) | Last Calibration Date : 2/20/2013
DATE: 12/10/15 (1; B ggrl]zél(?om% Curves D - Relative Dens (%) Drill Rig Number : S&ME
ATV S50-2—

PLATE 7



2010 NEW DEFAULT BORING LOG-W/ N60

Page 1 of 2 LOG OF BORING NO. MW-BAP-4
BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 820,884, E. 2,513,614 ELEVATION: 660 DATE:  11/20/15 - 11/23/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 40.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
> m & |m m —~ SIS NATURAL CONSISTENCY INDEX
> EE— A S R = ATURAL MOISTURE CONTENT TEST
E &E % % % % g Z% E 8 DESCRIPTION ﬁ. RESULTS
D0 Nz | = C</C)C‘ 4PLASTIC LIMIT4LIQUID LIMIT
AGGREGATE - 12 INCHES 10 20 30 40
659.0 s e
4, FILL: Medium-dense to dense gray and brown =
1 15, | 39 | 87 | fine to coarse gravel, some to "and" fine to coarse - H=4.25-4.5
16 sand, little to some silt, dry. ‘
g
2 9 / 18 | 53
5
6 /
3 9, |20 | 67
654.7 [ 5 7
654.2 35 FILL: Very-soft brown and gray silty clay, "and"
4 13, | 31 | g7 | \fine to coarse sand, little fine to coarse gravel.
"2 FILL: Dense bown fine to coarse sand, little fine
6525 5 My 3R 20 | to coarse gravel, "and" clayey silt, cobbles, moist.
Stiff to very-stiff dark-brown mottled with
dark-gray silty clay, little fine to coarse sand,
2, trace fine gravel, slightly organic, damp: s
6 3,19 |87 ~ H=2.0-3.0
4 =
[ 10,
H=1.25-2.5
[ 15,
643.8
ul & Very-stiff brown mottled with gray silty clay, 0035
little fine to medium sand, trace coarse sand, few SR
cobbles, contains silt seams near top of stratum,
damp.
18 e
20 100 —H=2.25-3.25
14 | 100 H=3.0
14 | 100 H=3.25
7257 N 5 Lo N R
WATER LEVEL: £ A 4 5= s:ffggfofsm TsoeeINDICZ;{EPZ:Z’EI;EEE:S (ot) Drill Rod Energy Ratio: 0.75
WATER NOTE: % - ;{“?O“ Com%Separate W-Unit Dry wt (pcr) | LastCalibration Date: 8/2/2013
DATE: c- Cg;zgl?omp Curves D - Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATVSS0-2-

PLATE 8



2010 NEW DEFAULT BORING LOG-W/ N60

Page 2 of 2

LOG OF BORING NO. MW-BAP-4

BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH

LOCATION: N. 820,884, E. 2,513,614 ELEVATION: 660 DATE:  11/20/15 - 11/23/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 40.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. " m & L m —~ SIS NATURAL CONSISTENCY INDEX
> E[“ 2Rl R = = ATURAL MOISTURE CONTENT TEST
AR R DESCRIPTION g TR RESULTS
25 §) % g (</c3 ﬁ §)C‘ 4PLASTIC LIMITlLIQUID LIMIT
Very-stiff brown mottled with gray silty clay, 1o 20 - 30 - 40
little fine to medium sand, trace coarse sand, few 1 E S E
6333 1a Il ) 9 | 100 @ cobbles, contains silt scamsnear top of stratum,  H=2s
: 3, damp. S
11B 4 Medium-stiff to stiff brown clayey silt, "and" fine =0.5-1.5
to medium sand, trace coarse sand, includes sand
seams, moist.
! /
12 2 / 4 | 100
1
[ 30,
629.5
Very-loose brown and gray fine to medium sand,
SH little to "and" silt (percent varies), contains zones
13 SH | 0 | 100 with a trace of coarse sand, wet.
1
sy
14 SH | 0 | 67
1
[ 35,
sy
15 L3 |67
1
57
16 | SH | 0 |100
1
6200 | 4o ® | 0
- Encountered water at 5.5'.
- Encountered cobbles at 18.5'".
- Borehole converted to monitoring well upon
completion - See separate well log.
- Boring elevation recorded with a hand held GPS
unit. Elevation estimated from March 2015
survey.
- 45 - Datum: Ohio State Plane South, NAD
27/NAVD 29 (Plant Grid).
7507 SYMBOLS USED TO INDICATE TEST REéULTé - .‘ : - — . —
WATER LEVEL: Y A 4 G- Gradation oo H - Penctrometer (tof) Drill Rod Energy Ratio: 0.75
WATER NOTE: 97 Jncon gom%Separate W-Unit Dry wt (pcf) | LastCalibration Date: 8/2/2013
DATE: c- Cg;iil - °MP ] curves D - Relative Dens (%) Drill Rig Number : S&ME

JOB: 7217-15-007B

ATV 550-2
PLATE 9



2010 NEW DEFAULT BORING LOG-W/ N60

Page 1 of 3 LOG OF BORING NO. MW-BAP-5
BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH
LOCATION: N. 820,057, E. 2,513,275 ELEVATION: 670 DATE:  11/24/15 - 11/25/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 62.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
SR EEEERTES ~CRATURAL MOTSTURE CONTENT |  TEST
5 |aE EEERAEREE DESCRIPTION g e RESULTS
Q0 Nz [N n H §) P 4 PLASTIC LIMITlLIQUID LIMIT
AGGREGATE - 12 INCHES C 10 120 - 30 - 40
669.0 N N NN
6, FILL: Medium-dense brown fine to coarse sand,
1 8, | 24 | 60 | some fine to coarse gravel, some to "and" silty
11 clay, dry.
'
2 5 / 13 | 60
5
4 /
s 3 4, 113|713
664.5 6
5, FILL: Hard gray and brown silty clay, "and" fine
4 9, | 51| 87 | to coarse sand, little to some fine to coarse gravel, H=4.5
32 damp.
'
5 15, 139 | 80 H=4.5
661.5 16
10 FILL: Medium-dense brown and gray fine to
6 13, | 30 | 87 | coarse sand, little fine to coarse gravel, some silty
6600 | o 1 clay, damp.
FILL: Hard brown silty clay, some fine to coarse
P sand, some fine to coarse gravel (shale =4.5
fragments), damp:
3
/
7 5, 11980 H=4.5
656.5 10
10 FILL: Medium-dense to dense brown fine to
8 11, | 45 | 80 | coarse gravel, some fine to coarse sand, some H=3.0
25 silty clay becoming trace silt at bottom of stratum,
157 11 damp.
o [ 77, | s
6
653.1 10A 4 20 | 100
10B /6 / Medium-stiff to stiff gray mottled with dark-gray
10 and brown silty clay, trace fine to coarse sand,
trace fine gravel, few roots, few silt seams,
P slightly organic, moist.
L 20,
i
11 1/ 5 | 100 H=0.5-1.25
3
647.0
Medium-stiff to very-stiff brown mottled with
2, gray silty clay, trace to little fine to coarse sand,
12 2, J B damp.  H=35
WATERZEEVEL: v A 4 o= ngffsgfofsm TsoeeINDICZ;T_EP::EErSjiJZES (tot) Drill Rod Energy Ratio: 0.75
WATER NOTE: % B ggfgi ggﬁ%Separate W-Unit Dry wt (pcf) | LastCalibration Date: 8/2/2013
DATE: C - Consol . Curves | D-Relative Dens (%) Drill Rig Number : S&ME
JOB: 7217-15-007B -CONTINUED- ATV S50-2-

PLATE 10



2010 NEW DEFAULT BORING LOG-W/ N60

Page 2 of 3

BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
CARDINAL PLANT, BRILLIANT, OH

LOG OF BORING NO. MW-BAP-5

LOCATION: N. 820,057, E. 2,513,275

ELEVATION: 670 DATE: 11/24/15 - 11/25/15

JOB: 7217-15-007B

-CONTINUED-

DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 62.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. " m & L m —~ [SAEN NATURAL CONSISTENCY INDEX
S s P e 2 | e o) SN
E EE E g E E 9_ Z% E 8 DESCRIPTION ﬁATURAL MOISTURE CONTENT RI;FSEUS]:FTS
=
25 §3 % g ‘~'</c3 H §) P 4 PLASTIC LIMITlLIQUID LIMIT
Medium-stiff to very-stiff brown mottled with § 10 20 30 - 40
gray silty clay, trace to little fine to coarse sand, S s Sl
damp.
P
P
[ 30,
2 /
13 4/ 13 | 100 H=2.0-3.5
6
3/ NN
14 4, |11 ]100  H=25-3.0
5 -
[ 35,
2/ Do
15 5, | 14 | 100 - H=25
6
2 /
16 3 / 10 | 100 H=2.5
5
[ 40,
S]? NN
17 2, | 6 |100  H=1.25
3 B
o -
18 Sfé 0 | 100 S H=1.25
H =
L 45,
624.5
Stiff gray mottled with brown and dark-gray silty
SH clay, trace fine to coarse sand, slightly organic,
19 SH | 0 | 100 damp. H=0.75
1
622.0
Medium-stiff to stiff gray and dark-gray organic
sy clayey silt, trace fine to coarse sand, damp.
20 S}é 0 | 100 - H=0.75-1.25
L 50 L N .
WATER LEVEL: -~ y oS USED TsoeeINDICZ;T_EPTESE RESSLTS(t . |Drill Rod Energy Ratio: 0.75
WATER NOTE: @ - Uncon gom%Separate Mo Unit Dey me (oof) | Last Calibration Date: 8/2/2013
DATE: c- Cgrllzzl ; OMP | curves D - Relative Dens (%) Drill Rig Number : S&ME
ATV S50-2

PLATE 11



2010 NEW DEFAULT BORING LOG-W/ N60

Page 3 of 3

BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION

LOG OF BORING NO. MW-BAP-5

CARDINAL PLANT, BRILLIANT, OH

JOB: 7217-15-007B

LOCATION: N. 820,057, E. 2,513,275 ELEVATION: 670 DATE:  11/24/15 - 11/25/15
DRILLING METHOD: 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 62.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
. " m & L m —~ SIS NATURAL CONSISTENCY INDEX
> EE— 2Rl R = ATURAL MOISTURE CONTENT TEST
3 BESEEE 2|5 53 DESCRIPTION g RESULTS
?0 Nz [N n H §)C‘ 4PLASTIC LIMIT4LIQUID LIMIT
619.5 Medium-stiff to stiff gray and dark-gray organic 1o 20 - 30 - 40
clayey silt, trace fine to coarse sand, damp. 1 s Sl
6, Medium-dense to dense fine to coarse gravel,
21 9, |23 | 87 | some to "and" fine to coarse sand, trace to little
9 silt, wet.
8
/
22 21, 169 | 87
34
614.6 [ 0]
Medium-dense to dense gray and brown fine to
14/ coarse sand, "and" fine to coarse gravel, little silt,
23 20, | 43 | 8o | Wet
14
7 /
24 12,135 | 60
16
[ 60,
8 /
25 4 / 11 | 60
[ 607.5 . VY . A
- Encountered water at 17.0'.
654 - Borehole converted to monitoring well upon
completion. See separate well log.
- Boring location recorded with a hand-held GPS
unit. Elevation estimated from March 2015 plant
survey.
- Datum: Ohio State Plane South NAD 27/NAVD
29 (Plant Grid).
[ 70,
| 757 N N Do s N N Do
WATER LEVEL: z ! G- GSrYEdB;ngOfSED TSOeeINDICiT_EPTESE RESSLTS st Drill Rod Energy Ratio : 0.75
WATER NOTE: % - ITJngon gom%Separate W- Uig_f ggl;ewir (F(,C; ) Last Calibration Date : 8/2/2013
DATE: c- Cg;iil - °MP ] curves D - Relative Dens (%) Drill Rig Number : S&ME
ATV S50-2

PLATE 12



NOTE: This is a DRAFT well log. Ground Elevation is approximate.
Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
Top of Cover o
~ 4 - Inch Diameter Protective Steel Casing
664.35 3.35 Top of PVC L
o~ 2 -Inch Diameter Flush-Thread PVC Casing
/
’./
661.0 0.0 Ground Surface ‘7— Ground Surface
658.3 2.7 Top of Grout 177 “_ Concrete
7 Boring Di ter (in inch
— Boring Diameter (in inches
Z ing Di (ini )
//// 8 " 0.0 to 39.3
o " to
7z
77 " to
77
05
7
777, RN
Z — Grout: Portland & Quick Gel
639.4 21.6 Top of Bentonite
_~— _Bentonite Seal: Bentonite pellets
634.1 26.9 Top of Filter Pack
Top of Aquifer e 10 - Slot Screen
632.1 28.9 Top of Screen Openings
— //" Filter Pack: #5 quartz sand
622.3 38.7 Bottom of Screen Openings —
N\
621.7 39.3 Bottom of Well
Bottom of Aquifer
(NOT TO SCALE)
621.0 40.0 Bottom of Boring
Depth to Static Water:| 18.79 18.71
Static Water Elevation:| 645.56 645.64
Date:| 12/11/15 | 12/15/15

Well Development:

12/3 - Bailed 67.5 gallons of water (approx. 18 well volumes) out of well, water level stayed
steady.

-Measurement on 12/15 was immediately before slug testing.

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

Water Quality Readings (Horiba U-52)

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

Project Location:
Cardinal Plant / Brilliant, Ohio

ms/cm PH ORPmMV
1.78 6.36 -7

Bucket NTU C
15.5 8.8 16.7

Project Number:
7217-15-007A

Well Location: N. 820,884' E. 2,513,614’
Datum: NAD27/NGVD29 OH S

Boring Number:
MW-BAP-4

Date Well Installed:
11/23/2015

File Name: 7217-15-007A Monitoring Well Logs




NOTE: This is a DRAFT well log. Ground Elevation is approximate.
Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
Top of Cover o
~ 4 - Inch Diameter Protective Steel Casing
672.88 2.88 Top of PVC L
o~ 2 -Inch Diameter Flush-Thread PVC Casing
/
’./
670.0 0.0 Ground Surface ‘7— Ground Surface
663.4 6.6 Top of Grout 177 “_ Concrete
7 Boring Di ter (in inch
— Boring Diameter (in inches
Z ing Di (ini )
//// 8 " 0.0 to 62.1
o " to
7z
77 " to
77
05
7
777, RN
Z — Grout: Portland & Quick Gel
625.8 44.2 Top of Bentonite
_~— _Bentonite Seal: Bentonite pellets
620.3 49.7 Top of Filter Pack
Top of Aquifer e 10 - Slot Screen
618.3 51.7 Top of Screen Openings
— //" Filter Pack: #5 quartz sand
608.5 61.5 Bottom of Screen Openings —
N\
607.9 62.1 Bottom of Well
Bottom of Aquifer
(NOT TO SCALE)
607.5 62.5 Bottom of Boring
Depth to Static Water:| 27.3 27.55 27.15 27.13
Static Water Elevation:| 645.58 645.33 645.73 645.75
Date:| 11/29/15 | 12/7/15 | 12/11/15 | 12/15/15

Well Development:

12/10 - Bailed 61.5 gallons of water (approx. 13 well volumes) out of well, water level stayed
steady.

-Measurement on 12/15 was immediately before slug testing.

-Top cover set in 3'x3' concrete pad. Protective steel bollards placed around concrete pad.

Water Quality Readings (Horiba U-52)

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

Project Location:
Cardinal Plant / Brilliant, Ohio

ms/cm PH ORPmMV
1.46 6.86 -56

Bucket NTU C
16 24.3 15.08

Project Number:
7217-15-007A

Note: For several buckets the NTU was leveled out in the 20's.

Well Location: N. 820,057" E. 2,513,274
Datum: NAD27/NGVD29 OH S

Boring Number:
MW-BAP-5

Date Well Installed:
11/25/2015

File Name: 7217-15-007A Monitoring Well Logs




Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)

Top of Cover

1Y)
-~
672.45 2.45 Top of PVC . V*
/_
/
’./
670.0 0.0 Top of Bentonite D amm—
| L N
N
7
7z —
27
77,74
7,
.
7z
7
77
7K
72
77, BN
727 N
—
657.7 12.3 Top of Filter Pack
Top of Aquifer e
655.7 14.3 Top of Screen Openings
— P
- ~
653.5 16.5 Bottom of Screen Openings —
N\
653.2 16.8 Bottom of Well

Bottom of Aquifer

(NOT TO SCALE)

652.0 18.0 Bottom of Boring

No cover installed, well abandoned on 12/15/15

2 -Inch Diameter Flush-Thread PVC Casing

Hole Plug

Boring Diameter (in inches)
8 " 0.0 to 18.0

" to

to

Depth to Static Water: 9.2 9.75 9.69

Static Water Elevation:| 663.25 662.70 662.76

Date:| 11/29/15 | 12/11/15 | 12/15/15

Grout: no grout

Bentonite Seal: Bentonite Chips (hole plug)

10 - Slot Screen

Filter Pack: #5 quartz sand

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

Project Location:
Cardinal Plant / Brilliant, Ohio

Project Number:
7217-15-007A

Boring Number:

Well Location: N. 819,154' E. 2,513,525’
Datum: NAD27/NGVD29 OH S

CD-BAP-1504

Date Well Installed:

11/25/2015

File Name: 7217-15-007A Monitoring Well Logs Page 6 of 7
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Elevation | Depth Below
(Feet above Ground
MSL) Surface (Feet)
673.33 3.33
670.0 0.0
669.5 0.5
659.6 10.4
657.2 12.8
658.0 12.0
653.2 16.8
652.5 17.5
652.5 17.5

Depth to Static Water:

Static Water Elevation:

Date:

Top of Cover

u
e

Top of PVC p

/_

Ground Surface

N
N

Top of Grout

—

7/

N
N

Top of Bentonite

T

Top of Filter Pack
Top of Aquifer e

Top of Screen Openings

_—
/

HEREENERR

Bottom of Screen Openings

/
N\

Bottom of Well

Bottom of Aquifer
(NOT TO SCALE)
Bottom of Boring

No cover installed, well abandoned on 12/15/15

2 -Inch Diameter Flush-Thread PVC Casing

Hole Plug

Boring Diameter (in inches)

g8 " 00 to 175

" to

" to

10

11.4 12.15 11.54
661.93 661.18 661.79
11/29/15 | 12/11/15 | 12/15/15

Grout: Portland & Quick Gel

Bentonite Seal: Bentonite Chips (hole plug)

- Slot Screen

Filter Pack: #5 quartz sand

WELL COMPLETION DIAGRAM

Project Name:
AEP CD Bottom Ash Pond Monitoring Wells

Project Location:
Cardinal Plant / Brilliant, Ohio

Project Number:
7217-15-007A

Boring Number:

Well Location:

N. 819,448' E. 2,513,591'

Datum: NAD27/NGVD29 OH S

CD-BAP-1505

Date Well Installed:

11/25/2015

File Name: 7217-15-007A Monitoring Well Logs

Page 7 of 7
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¢ 1LV Id "ON "oMa

g
3 3
g o
g &
675 5 o o 675 675 Ng o 675
aYe) o a0 o
670 K ' 670 670 OiH Y 670
T FILL VST~ RD SITY LAV ™_
665 o AsHPOD 665 665 J ASH POND / @ FILL: V.ST - HD SILTY CLAY § 665
660 = 660 660 = . cc a 660
FILL: V.ST - HD SILTY CLAY 4/10/09 ¥|  FILL: M.DE F-C GRAVEL \ %
655 4/5/09 7| 655 655 I Y 655
650 650 650 | FILL: V.ST - HD SILTY CLAY \ti 650
1 FILL: SO - M.ST SILTY CLAY
645 ,: ;IILEI)_EI\QIE_F FINE TO COARSE GRAVEL \ v OHBRIVEE B 645 645 T V.LO SILT F|LL%T\@LTY CiLAY v 7OH|OEVER7 645
_ 640 VST SILTY CLAY 1640 640 1 -+ 640
635 T viosir 635 635 VSO - SO ORG CLAYEY SILT a/glog | SILT/SAND 635
630 -+ 630 630 T V.S0 ORG CLAYEY SILT 630
E V.SO ORG CLAYEY SI LT ; E V.LO - LO F-M SAND “|_ V.SOSILTY CLAY INTERBEDDED WITH SILT g
1 4 M.DE F-C SAND
_ 620 M.DE SAND AND GRAVEL 620 _ 620 1 620
__615) 615 __615 M.DE F-M SAND 615
610 610 610 610
605 B 605 605 ” 605
600 600 600 600
0+00 1+00 2+00 0+00 1+00 2+00
SECTION ‘A’ SECTION 'B'
Boring BAP-0901 Borings BAP-0902 & BAP-0903
S
[«2] ©
7 g
: g
675 N £ . 675 675 & £ 2 675
! o
670 8# c'-ra o 670 670 oL 't 670
E— | 3 I — I ————, ! I
665 < ASH POND T T~ 3 665 665 S ASH POND | FILL MDEF-C GRAVEL 5 665
660 - FILL: V.ST - HD SILTY CLAY s 660 660 - _L_ FILL: VST SILTY CLAY \ § 660
__660] @ 660 __660| g 1660
__ 655 _| FILL:M.DE- V.DE GRAVEL \ g 1655 __ 655 e FILL: M.DE F-C SAND AND GRAVEL \ g 1655
FILL: HD SILTY CLAY
650 qrore L; FILL: M.DE - V.DE GRAVEL \ﬂ 650 — 650, J< 0
648 - Viosmo 4110109 v | __ _y OHORVER  |645 645 ms'ﬂ CLAY OHIORIVER|645
640 | viosiT FILL: V.ST - HD SILTY CLAY 7 640 ™ VLO-LOSILT | vy ©AU 7&
| V.80- ST ORG CLAYEY SILT 4 o
ﬂ ven NRC Ol AVEV en T & ﬂ %
V.50 ORG CLAYEY SILT V.SO - SO ORG CLAYEY SILT
630 T L 630 630 V.SO - M.ST ORG CLAYEY SILT| 630
LO - M.DE F-C SAND | VEOFESAND - a
625 625 625 625
M.DE - DE F-C SAND AND GRAVEL M.DE F-C SAND AND GRAVEL
620 1 620 620 1 620
615 615 615 M.DE F-C SAND AND GRAVEL 615
610 V.DE SAND AND GRAVEL 610 610 610
605 o 605 605 o 605
600 600 600 600
0+00 1+00 2+00 0+00 1+00 2+00
SECTION 'C' SECTION 'D'
Borings BAP-0904 & BAP-0905 Borings BAP-0906 & BAP-0907
DATE | NO. DESCRIPTION APPD.
REVISIONS
" THIS DRAWING IS THE PROPERTY OF THE AMERICAN
ELECTRIC POWER SERVICE CORP. AND IS LOANED
UPON CONDITION THAT 1T IS NOT TO BE REPRODUCED
OR COPIED, IN WHDLE OR IN PART, OR USED FOR FUR-
NISHING INFORMATION TO ANY PERSON WITHOUT THE
WRITTEN CONSENT OF THEAEP SERVICE CORP.,OR
LEGEND FOR ANY PURPOSE DETRIMENTAL TO THEIR INTEREST,
AND IS TO BE RETURNED UPON REQUEST ”
4/20/09 ¥ OBSERVATION WELL READING: ELEVATION AND DATE AE.P.
4/3/09 "/ SEEPAGE ENCOUNTERED DURING DRILLING CARDINAL PLANT
V.SO /SO SOFT / VERY SOFT BRILLIANT OHIO
M.ST M. STIFF BOTTOM ASH POND
INVESTIGATION
ST/V.ST STIFF / VERY STIFF SECTIONS
HD HARD
V.LO/LO VERY LOOSE / LOOSE W6 No. PLATE 3
M.DE MEDIUM DENSE SCALE: CIVIL ENGINEERING
DR:
DE / V.DE DENSE / VERY DENSE . .
PROJECT NUMBER: 011-11497-013 DRAWN BY: RSH ENGR: =
SCALE IN FEET ORG  ORGANIC _ | BRCI g
———— DRAWING DATE: 7-1-09 ENGINEER: MTR SOl UTIONS To BUILD ON ENGR: a2
DATE:
0 20 40 — — — — EXISTING WATER SURFACE (AT TIME OF INVESTIGATION) LAST UPDATED: 7-23-09 APPROVED BY: MGR Colurmbus (514) 7932226 AEP SERVICE CORP
Cleveland (216) 901-1000 " )
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DATUM: NAD 27/NGVD 29 OHIO SOUTH ' B Dayton (837 424-1014 POWER COLUMBUS, OH 43215
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1650694 A B C D | E ! 2 3 F4 5 & 7 G 36 iney | 4 = 12 6 J tenths Lo K 0 -0 L NCHES M . N I,
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EXPLANATION OF SYMBOLS AND TERMS USED ON BORING LOGS

FOR SAMPLING AND DESCRIPTION OF SOIL
SAMPLING DATA

' - Blocked-in "SAMPLES" column indicates sample was attempted and recovered within this depth
interval.
m - Sample was attempted within this interval but not recovered.
2/5/9 - The number of blows required for each 6-inch increment of penetration of a "Standard" 2-inch O.D.

split-barrel sampler, driven a distance of 18 inches by a 140-pound hammer freely falling 30 inches.
Addition of one of the following symbols indicates the use of a split-barrel other than the 2" O.D.

sampler:
2S| - 2%"0.D. split-barrel sampler
3S - 3" O.D. split-barrel sampler
P - Shelby tube sampler, 3" O.D., hydraulically pushed.
R - Refusal of sampler in very-hard or dense soil, or on a resistant surface.
50-2" - Number of blows (50) to drive a split-barrel sampler a certain number of inches (2), other than the
normal 6-inch increment.
S/D - Split-barrel sampler (S) advanced by weight of drill rods (D),
S/H - Split-barrel sampler (S) advanced by combined weight of rods and drive hammer (H).

SOIL DESCRIPTIONS
All soils have been classified basically in accordance with the Unified Soil Classification System, but this system

has been augmented by the use of special adjectives to designate the approximate percentages of minor
components as follows:

Adjective Percent by Weight
trace 1to 10
little 11 to 20
some 21to 35
"and" 36 to 50

The following terms are used to describe density and consistency of soils:

Term (Granular Soils) Blows per foot
Very-loose Less than 5
Loose 5to 10
Medium-dense 11 to 30
Dense 31 to 50
Very-dense Over 50
Term (Cohesive Soils) Qu (tsf)
Very-soft Less than 0.25
Soft 0.25t00.5
Medium-stiff 0.5t0 1.0
Stiff 1.0t0 2.0
Very-stiff 2.0t0 4.0
Hard Over 4.0

PLATE 4




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 1 of 3

LOG OF BORING NO. CD-BAP-0901
CARDINAL PLANT ASH POND INVESTIGATION

BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.7 DATE: 4/8/09 - 4/9/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX <
& & 5 NATURAL MOTSTURE CONTENT TEST
<m: % % S22z £9 DESCRIPTION e RESULTS
DO ARz % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
GRAVEL FILL - 0.9 FEET 10 20 30 40
667.8
8 FILL: Hard gray and brown silty clay, some fine
1 /13/ 30 | 8o | to coarse sand, some fine to coarse gravel H=4.5+
666.2 8 (sandstone, siltstone, and shale fragments), dry.
6, FILL: Medium-dense to dense brown and gray
2 4, | 16 | 67 | fine to coarse gravel (sandstone, siltstone, and H=2.5-3.5
7 shale fragments), some fine to coarse sand, "and"
12 silty clay, dry.
3 12/ 60 | 100 ® H=2.5
"5 30
g
4 22, 160 | 80 H=4.5+
661.7 20
5, FILL: Hard gray clayey silt, some fine to coarse
5 10, 137 | 93 | sand, some fine to coarse gravel (sandstone, o H=4.5+
660.2 16 siltstone and shale fragments), dry.
6, FILL: Very-stiff brown and gray silty clay, some
6 8, | 34 | 87 | fine to coarse sand, some fine to coarse gravel H=3.0-4.0
6587 10 16 (sandstone, siltstone, and shale fragments), dry.
24 FILL: Medium-dense to dense gray and brown
7 25,170 | 100 | fine to coarse gravel (sandstone, siltstone, and H=4.5+
24 shale fragments), some fine to coarse sand, some
10 silty clay becoming "and" clayey silt with depth,
8 7, |20 | 67 | dry.
7
8 /
) 6, | 29|73 o H=4.5+
6542 14
15 5, FILL: Very-stiff to hard brown and gray silty
10 8, | 32| 80 | clay, some fine to coarse sand, some fine to H=4.0-
14 coarse gravel (sandstone, siltstone, and shale 4.5+
3 fragments), medium-dense gray and brown fine
11 / 5, | 20 | 67 | tocoarse gravel (shale fragments) seam from H=3.8-
9 17.5"to 18.3', moist to wet. 4.5+
3 /
12 5, 12253 x——x
10 G
3
13 / 9 26 | 53 H=4.5
7 20’ / 9 .
648.2
7, FILL: Medium-dense gray fine to coarse gravel
14 9, | 32| 67 | (shale fragments), little fine to coarse sand, little H=4.5
646.7 13 silty clay, moist to wet.
6, Medium-dense gray silt, trace clay, trace fine to
15 9, |27 | 80 | medium sand, moist to wet. ® G
10
P
16A
6437 | s
SYMBOLS USED TO INDICATE TEST RESULTS f .
WATER LEVEL: ¥ 13.8 Y G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: ___Inside HSA $ - ¥r:¢_:on 802;}5eparate W - Unit Dry wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/9/09 ¢ conan1 2™ J “curves | D -Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013

-CONTINUED-

PLATE 5




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 2 of 3 LOG OF BORING NO. CD-BAP-0901
CARDINAL PLANT ASH POND INVESTIGATION BBC Pw
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  668.7 DATE: 4/8/09 - 4/9/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX TEST
& 5 NATURAL MOTSTURE CONTENT
B EEsSEEE e 2|5y DESCRIPTION e RESULTS
B~
%5 525 » o % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
16B Very-stiff brown mottled with gray silty clay, 10 20 30 40
3, trace fine sand, damp.
17 6/ 22 | 67 H=2.5-3.5
9
3 /
18 3, ] 10100 X—@—xX H=1.6-2.5
4 G
6387 | 4
Gray mottled with dark-gray and brown clayey
silt, some fine sand, trace medium to coarse sand,
P few seams and lenses of silty clay and fine sand, 3
damp. > H=1.0-1.5
19 G
635.9
Very-loose dark-brown and gray organic silt,
| some fine sand, moist to wet.
/
20 2, | 6 |100 X+ |® H=0.7
2 G
[ 35,
633.2
Soft to medium-stiff gray mottled with dark-gray
2, organic clayey silt, little to some fine sand, trace
21 2, | 6 |100 medium to coarse sand, few lenses of fine sand ———@—x |H=0.4
2 interbedded with organic silt near top of stratum, G
moist to wet.
2 /
22 3/ 9 | 100 ® H=0.5-0.8
3 G
[ 40,
2
/
23 2/ 7 | 67 H=0.3-0.7
3
625.7
Medium-dense to dense brown and gray fine to
9, coarse gravel, some fine to coarse sand, trace silt,
24 1, |34 53 | wet.
13
[ 45,
9/
25 12/ 40 | 53
16
1,
26 19/ 56 | 53
20
-50 SYMBOLS USED TO INDICATE TEST RESULTS . .
WATER LEVEL: £ 138 ¥ G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: ___Inside HSA Q - Uncon COMP L separate | W - Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/9/09 ¢~ conaor """ ) curves | D-Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013

-CONTINUED-
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Page 3 of 3

LOG OF BORING NO. CD-BAP-0901
CARDINAL PLANT ASH POND INVESTIGATION

BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.7 DATE: 4/8/09 - 4/9/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX <
EElR R 2| _ g NATURAL MOTSTURE CONTENT TEST
3 | &3 % > % % 2|2 |58 DESCRIPTION g RESULTS
?0 ARz % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
Medium-dense to dense brown and gray fine to 10 20 30 40
coarse gravel, some fine to coarse sand, trace silt,
10 wet.
— /
27 16/ 53 | 33
21
6
/
28 10/ 29 | 33
10
- 55,
6
/
29 11,130 | 40
10
610.7
Medium-dense brown fine to medium sand, trace
7, coarse sand, trace fine gravel, trace silt, wet.
30 10, 129 | 40
10
760781 - 60, 77777777777777777777777777
- Seepage encountered at 14.5".
- Borehole grouted upon completion.
- Boring location and elevation surveyed by AEP.
- 65,
- 70,
=75 SYMBOLS USED TO INDICATE TEST RESULTS . .
WATER LEVEL: £ 138 ¥ G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: ___Inside HSA $ - ¥?¢_:on gomr}%parate W - Unit Dry wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/9/09 ¢ conan1 2™ J “curves | D -Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013

PLATE 7




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 1 of 3

LOG OF BORING NO. CD-PZ-BAP-0902

CARDINAL PLANT ASH POND INVESTIGATION

BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.0 DATE: 4/8/09

DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
B EERIEE " NATORAL WOISTURE CONTENT | TEST
3 | &3 % S % % 2|2 |58 DESCRIPTION g RESULTS
DO 2|5 & o % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
GRAVEL FILL - 1.0 FEET 10 20 30 40
667.0
I 5, FILL: Very-stiff to hard brown silty clay, some
1 5, | 17 | 87 | fine to coarse sand, some fine to coarse gravel H=3.5-4.0
665.5 7 (sandstone, siltstone, and shale fragments), dry.
6, FILL: Medium-dense brown and gray fine to
2 6, | 20 | 80 | coarse gravel (sandstone, siltstone, and shale H=3.75-
8 fragments), some fine to coarse sand, some silty 425
6, clay, cobbles near top of stratum, dry.
3 9 / 27 | 73 H=4.0-
"5 10 4.5+
8 /
4 S, 17|73 ® X1—x H=3.0-
7 25
9
/
5 9/ 23 | 53 H=3.5-4.0
\ 4 7
12
/
6 6 / 16 | 27 H=3.75-
5 4.0
- 10 1 0/
Vg 9, 129 | 60 » H=4.0-
11 4.5+
3, H=3.0-
8 5,117 |73 ® x—x 3.75
655.0 7 G
3, FILL: Very-stiff to hard brown and gray silty
9 3, | 10 | 33 | clay, some fine to coarse sand, trace to some fine H=3.75-
4 gravel (siltstone and shale fragments), damp to 4.5+
2 wet.
15+ /
10 2 / 7 | 40 H=2.5-
652.0 3 2.75
3, FILL: Soft to medium-stiff brown and gray silty
11 4, | 13 ] 67 | clay, some fine to coarse sand, trace to some fine % -o—f—x H=1.0-2.0
5 gravel (siltstone and shale fragments), brown and
1 gray fine to coarse gravel, some near middle of H=1.5-
12 / 2, ) 6 | 40 | stratum, wet. oI« é-25
1 H=0.0-
PE /SI; 1|20 b 225
6475 1
2, Very-loose gray and dark-gray silt, little to some
14 2, | 4 | 100 clay, trace becoming some with depth fine sand, °
1 wet. G
2 /
15 1 / 3 53
1 G
31
16 SI‘% 1 53
5430 25 : SYMBOLS USED TO INDICATE TEST RESULTS
WATER LEVEL: ¥ 10.7 Y g4 G-Gradation— see | - Ppenctrometer (tory | O R0d Energy Ratio: 086
WATER NOTE: Inside HSA Inside Well Q - Uncon Comp | gonnrate | W - Unit Dry We (pef)’ | Last Calibration Date : 02/17/09
DATE: 4/8/09 4/10/09 E:Eg;gg.?mf}smrves D - Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013

-CONTINUED-
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2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 2 of 3

LOG OF BORING NO. CD-PZ-BAP-0902
CARDINAL PLANT ASH POND INVESTIGATION
BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.0 DATE: 4/8/09
DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
EaE e A . NATURAL CONSISTENCY INDEX <
= e i NATURAL MOTSTURE CONTENT TEST
3 583 =552z 59 DESCRIPTION N g RESULTS
B~
25 525 & @ =& < PLASTIC LIMIT <= LIQUID LIMIT
Ly Very-soft to soft gray mottled with dark-gray 10 20 30 40
17 I, | 4 | 80 | organic clayey silt, trace fine sand, few lenses of H=0.3
2 organic silt near bottom of stratum, wet.
SH LOI=10.49
18 L, 14380 >>og:o.o-0.1
2
SI}I MC=54
19 L, | 4 |100 e |H=00
2 G
[ 30,
St
20 L1373 X—X®
1 G
2
633.1 21A / 3 ) 9
7357218 3 Very-loose to loose brown and gray fine to
medium sand, trace coarse sand, trace to little silt
interbedded with organic clayey silt, wet.
2 /
22 2 / 7 73 G
3
St
23 1 4 80
- 40 / > G
627.0
Medium-dense brown fine to medium sand, trace
2 / coarse sand, trace silt, trace to some fine gravel,
24 3, | 19| 100 | trace coarse gravel, trace silt, wet.
10 G
25A 5 / 26
| 45- 25B 7/ll
6/
26 10/ 33 | 67
13
10 40
15/
50 27 13 33
- SYMBOLS USED TO INDICATE TEST RESULTS . —
WATER LEVEL: £ 107 Y 84 G-Gradation— see | - Ppenctrometer (tory | O R0d Energy Ratio: 086
WATER NOTE: Inside HSA Inside Well $ - ¥”?0” gomp eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/8/09 4/10/09 ¢ Conaat°™ ] “curves | D - Relative Dens (%) Drill Rig Number : TRUCK 55
JOB: 011-11497-013 -CONTINUED- PLATE 9




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 3 of 3

LOG OF BORING NO. CD-PZ-BAP-0902
CARDINAL PLANT ASH POND INVESTIGATION

BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.0 DATE: 4/8/09
DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.5'
SAMPLER(S): 2" O.D. Split-barrel Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX <
EElZ2RE 2 2| _ B NATURAL MOTSTURE CONTENT TEST
3 | &3 5352 2|2 |58 DESCRIPTION g RESULTS
?0 Az R % & <~ PLASTIC LIMIT <= L10UID LIMIT
Medium-dense brown fine to medium sand, trace 10 20 30 40
coarse sand, trace silt, trace to some fine gravel,
trace coarse gravel, trace silt, wet.
1
/
28 8, 12680
10
1
29 /2 16 | 67
L 551 / 9
3
/
30 3 / 14 | 67
7
31 ’ /3 14
6079 | 60|
| 607.9 | 60 L
- Cobbles encountered from 4.0' to 7.0'".
- Seepage encountered at 5.5'.
- Groundwater encountered at 13.0'".
- Borehole converted to observation well upon
completion. See separate well log.
- Boring location and elevation surveyed by AEP.
[ 65,
[ 70,
=75 SYMBOLS USED TO INDICATE TEST RESULTS . .
WATERLEVEL: ¥ 107 Y 84 G-Gradation— see | - Ppenctrometer (tory | O R0d Energy Ratio: 086
WATER NOTE: Inside HSA Inside Well $ - ¥?‘:g§ ggmp eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/8/09 4/10/09 C - Consol . P ] curves | D-Relative Dens (%) Drill Rig Number : TRUCK 55
JOB: 011-11497-013 PLATE 10




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOG OF BORING NO. CD-BAP-0903

Page 1 of 2
& CARDINAL PLANT ASH POND INVESTIGATION BBC)“
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  650.1 DATE: 4/8/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 30.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX TEST
Bk 5 NATURAL MOTSTURE CONTENT
2 2833332 2 3% DESCRIPTION e o RESULTS
DO ARz % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
| 649.7 | TOPSOIL - 0.4 FEET 10 20 30 40
FILL: Very-stiff to hard brown mottled with
2, gray and dark-brown silty clay, trace fine to
1 5, | 15| 67 | medium sand, few roots, damp. H=3.6-3.8
6
4
/
2 6/ 16 | 53 H=3.3-4.5
646.1 6 G
2, FILL: Very-stiff to hard brown mottled with
L5 3 5 ] 15 | 80 | gray silty clay, trace fine sand, damp. o H=2.6-4.1
8
/
4 11,133 | 80 H=4.5
643.1 13
6, FILL: Very-stiff to hard brown mottled with
5 6 16 | 67 | dark-gray and gray silty clay, little fine to coarse | H=3.5-4.5
641.8 "6 G
sand, trace fine gravel, few lenses of dark-gray
5 \silt, damp. /
6 6, | 16 | 67 | Medium-stiff dark-gray organic clayey silt, trace XK @H=0.6
G
6 fine sand, many lenses of fine sand, few decayed
107 roots, damp to moist.
WP
636.6
Sy Very-soft gray mottled with dark-gray organic
7 ;| 3 | 67 | clayey silt interbedded with organic silt, little fine ® |H=00
1 sand, few seams and lenses of silt and fine sand, G
137 moist to wet.
v R
8 / 3 67 X—1—X | @ H=0.0
1 G
7
9 ;13|73 x—1—xX ® |H=0.0
1 G
- 20,
629.6
Very-soft gray silty clay interbedded with silt,
1 / trace fine sand, few seams of fine sand, few roots,
10 2, | 8 | 60 | moistto wet. Ko H=0.2
627.6 4 G
Medium-dense brown and gray fine to coarse
sand, trace medium to coarse sand, trace fine to
2 ) coarse gravel, little silt, few seams of silty clay,
11 4, |15 | 47 | wet
7 G
-25 SYWBOLS USED TO INDICATE TEST RESULTS , .
WATER LEVEL: £ 165 Y G-Oradation ~ see | H- penctrometer (tory |0 | R0d Energy Ratio: 082
WATER NOTE: __Inside HSA 9 - Uncon gom eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 11/19/07
DATE: 4/8/09 ¢ consol. ™) curves | D-Relative Dens (%) Drill Rig Number : D50

JOB: 011-11497-013

-CONTINUED-

PLATE 11




Page 2 of 2 LOG OF BORING NO. CD-BAP-0903 )

CARDINAL PLANT ASH POND INVESTIGATION BBC w
BRILLIANT, OHIO |

2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOCATION: See Plate 2 of Appendix A ELEVATION:  650.1 DATE: 4/8/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 30.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY TNDEX <
FRlEmg 2 €| . |ES NATURAL MOTSTURE CONTENT TEST
3 | &3 5352 2|2 |58 DESCRIPTION g RESULTS
%5 ARz % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
624.6 10 20 30 40
Medium-dense brown and gray fine to coarse
6, gravel, some fine to coarse sand, trace silt, wet.
12 10/ 30 | 33
12
7
/ 7/
13 719 | 47
620.1
| "~ | 30, 77777777777777777777777777
- Seepage encountered at 13.5'.
- Groundwater encountered at 22.5".
- At 26.0, 1.8' heave, shook augers to sample.
- Borehole grouted upon completion.
- Boring location and elevation surveyed by AEP.
- 35,
- 40,
- 45,
-50 SYWBOLS USED TO INDICATE TEST RESULTS - -
WATER LEVEL: £ 165 ¥ G-Oradation ~ see | H- penctrometer (tory |0 | R0d Energy Ratio: 082
WATER NOTE: ___Inside HSA $ - ¥?¢_:on gomr}s,sparate W - Unit Dry wt (pcf) | Last Calibration Date : 11/19/07
DATE: 4/8/09 ¢ 2 Lehax %™ | “Curves | D - Relative Dens (%) Drill Rig Number : D50

JOB: 011-11497-013 PLATE 12



Page 1 of 3 LOG OF BORING NO. CD-PZ-BAP-0904 )

CARDINAL PLANT ASH POND INVESTIGATION BBC w
BRILLIANT, OHIO |

2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.1 DATE: 4/7/09
DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
RN H . NATURAL CONSISTENCY INDEX TEST
EERRIE 2 _|ES NATURAL MOTSTURE CONTENT
3 | &3 5352 2|2 |58 DESCRIPTION g RESULTS
DO Az R % & <~ PLASTIC LIMIT <= L10UID LIMIT
GRAVEL FILL - 1.0 FEET 10 20 30 40
667.1
6, FILL: Very-stiff to hard brown and gray silty
1 6, |20 | 100 clay, some fine to coarse sand, some fine to H=4.25-
8 coarse gravel (sandstone, siltstone, and shale 4.5+
6 fragments), fine to coarse gravel seams near
2 / 8, | 27|33 middle of stratum, dry. H=4.5+
11
9
/
3 11/ 33 | 93 (J H=3.5-4.0
"5 12
g
4 15, | 46 | 7
17
g
5 8, | 23|13
8
5 H=2.75-
/ 3.5
6 8, 13680 @x——x
G
6581 10 17
20 FILL: Very-dense brown and gray fine to coarse
7 50-3'R 33 | gravel (sandstone, siltstone, and shale fragments),
656.6 little fine sand, trace silt, dry.
655.9 sA 13 44 FILL: Dense brown and gray fine to coarse
14, gravel (sandstone fragments), cobbles, "and" fine
8B 17 \to medium sand, trace coarse sand, trace silt, dry. H=4.5+
3, FILL: Hard brown with gray silty clay, little to
9 5, | 20 | 73 | some fine to coarse sand, trace fine gravel, dry. o [x—1x H=2.5-40
9
15 >
10 6, | 19| 80 H=3.0-
652.1 v 7 425
4, FILL: Medium-dense brown and gray fine to
11 6, | 26 | 60 | coarse gravel (very-soft shale fragments), some
; G
12 fine to coarse sand, some silty clay, cobbles,
N & R damp.
649.1 12B 's
2, Loose gray and dark-gray organic silt, little clay,
13 2, | 6 | 87 | little to some fine to medium sand, wet. )
20 2 G
2
/
14 3 / 10 | 47
646.1 4
SH Very-loose gray and dark-gray fine to medium
15 1, | 4 | 47 | sand, trace coarse sand, little fine gravel, some )
644.6 2 organic silt, wet. G
SH Very-loose gray silt, little clay, little fine sand,
16 SP% 0 | 53 | wet.
H
-25 SYMBOLS USED TO INDICATE TEST RESULTS . .
WATER LEVEL: £ 16.0 Y 159 G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: ___Inside HSA Inside Well $ - ¥”?°” g’mp eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/7/09 4/10/09 CCconanstP™ | curves | D - Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013 -CONTINUED- PLATE 13



2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 2 of 3

LOG OF BORING NO. CD-PZ-BAP-0904
CARDINAL PLANT ASH POND INVESTIGATION

BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.1 DATE: 4/7/09
DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSTSTENCY TNDEX <
EElZ2RE 2 2| _ B NATURAL WMOTSTURE CONTENT TEST
3 | &3 5352 2|2 |58 DESCRIPTION g RESULTS
%5 A2z %~ <~ PLASTIC LIMIT <~ L1QUID LIMIT
SR Very-loose gray silt, little clay, little fine sand, 10 20 30 40
17 SH | 4 | 53 | wet. °
3 G
641.6
Sy Medium-stiff to stiff gray mottled with dark-gray
18 I, | 6 | 100 | organic clayey silt, interbedded with organic silt, *—1—e H=0.75-
640.1 3 little fine to coarse sand, trace fine gravel, wet. H2s
oy Very-soft to soft gray mottled with dark-gray
19 I, | 6 | 87 | organic clayey silt, trace fine sand, wet. ® |H=0.0-0.5
3 G
638.1 | 4
Loose to medium-dense brown and gray fine to
medium sand, trace coarse sand, trace to some
P silt, few seams of gray mottled with dark-gray
silty clay near bottom of stratum, contains zones
interbedded with silt, wet.
20A 5 17
5
20B /5
- 35,
2
/
21 3 / 11| 93
5 G
2
/
22 I 2 / 10 | 100
5
- 40,
2 /
23 2 / 10 | 100
5
2
/
24 8 / 29 | 100
12
- 45,
25A |4 40
6214 "
258 e Medium-dense brown and gray fine to coarse
gravel, "and" fine to coarse sand, trace silt, wet.
619.1 12
26 29 93 | See description on the following page.
50-5"R
-50 SYWBOLS USED TO INDICATE TEST RESULTS , ,
WATER LEVEL: £ 16.0 Y 159 G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: Inside HSA Inside Well $ - ¥”?°” g’mp eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 417109 4/10/09 ¢ - Conaor. ™ J curves | D -Relative Dens (%) Drill Rig Number : TRUCK 55
JOB: 011-11497-013 -CONTINUED- PLATE 14




Page 3 of 3 LOG OF BORING NO. CD-PZ-BAP-0904 )

CARDINAL PLANT ASH POND INVESTIGATION BBC w
BRILLIANT, OHIO |

2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOCATION: See Plate 2 of Appendix A ELEVATION:  668.1 DATE: 4/7/09
DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX <
Bk & 5 NATURAL MOTSTURE CONTENT TEST
3 | g % = % % 2|2 S9 DESCRIPTION N g RESULTS
?0 2|5 & o % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
Very-dense brown and gray fine to coarse sand, 10 20 30 40
some fine to coarse sand, trace silt, zones of fine
8, to coarse gravel, wet.
27 40 87
50-4'R
10
28 56-5“R 33
- 55,
? /
29 28 67
50-3"R
16
30 ls0-sR| | 67
S
- Cobbles encountered at 10.0', 11.5" and 13.0".
- Groundwater encountered at 16.0'".
- Borehole converted to observation well upon
completion. See separate well log.
- Boring location and elevation surveyed by AEP.
- 65,
- 70,
=75 SYMBOLS USED TO INDICATE TEST RESULTS . .
WATER LEVEL: £ 16.0 Y 159 G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: Inside HSA Inside Well $ - ¥”?°” gomp eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 417109 4/10/09 ¢~ conaor """ ) curves | D-Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013 PLATE 15



2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOG OF BORING NO. CD-PZ-BAP-0905

Page 1 of 2
& CARDINAL PLANT ASH POND INVESTIGATION BBC)“
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  650.1 DATE: 4/6/09
DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 30.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
RN H . NATURAL CONSISTENCY INDEX TEST
EElR R _|ES NATURAL MOTSTURE CONTENT
2 BEZZEZ2| 2|5y DESCRIPTION e RESULTS
DO Az R % & <~ PLASTIC LIMIT <= L10UID LIMIT
649.6 ROOTMAT - 0.5 FEET 10 20 30 40
FILL: Very-stiff to hard brown mottled with
3, gray silty clay, trace fine sand, few lenses of
1 3, | 11| 67 | dark-gray silt and fine sand near bottom of H=4.0-4.5
5 stratum, moist.
3
/
2 6, | 19 | 100 H=4.0-4.5
8
6 /
3 7, | 23| 100 ® H=3.0-4.5
"3y 10 G
3
4 13, | 48 | 100 H=4.5+
22
9
/
(VAR 11/ 34 | 100 o H=4.0-
14 4.5+
6
oAl /s |21 H=3.5-4.5
640.4 /10
-10- B FILL: Stiff to very-stiff brown mottled with gray ® H=1.5-30
639.6 silty clay interbedded with dark- ic silt
ilty clay interbedded with dark-gray organic silt,
638.9 A W, 5 \httle fine to cogrse sand, trace fine .gravel, mpwt. / H=3.5.
/s FILL: Very-stiff brown mottled with gray silty 375
B !y clay, trace fine to coarse sand, trace fine gravel, H=0.0
moist.
Very-soft gray mottled with dark-gray organic
clayey silt, trace fine to coarse sand, trace fine
SH gravel, moist becoming wet.
8 S}% 0 | 100 ® |H=0.0
H G
- 154 LOI=8.4%
SH
9 s}g 0 | 100 @ H=0.0
H G
632.1
Very-loose brown and gray fine to coarse gravel,
SI;I some fine to coarse sand, little silt, contains
10 SH | 3 | 33 | decayed wood, wet. H=0.5
2
[ 20,
629.6
Very-soft gray mottled with brown silty clay,
6 / little fine to medium sand, few seams of fine to
11 7, 116 | 27 medium sand, wet. K
5 G
627.1
Medium-dense to dense brown and gray fine to
6 / coarse sand, trace to little fine to coarse gravel,
12 10, |30 | 53 | trace silt, contains roots near top of stratum,
55 12 contains zones of fine to coarse gravel, wet.
- SYMBOLS USED TO TNDICATE TEST RESULTS - —
WATER LEVEL: £ 8.0 Y 54 G-Oradation ~ see | H- penctrometer (tory |0 | R0d Energy Ratio: 082
WATER NOTE: Inside Well Inside Well $ - ¥”?0” Comp | senarate | W- Unit Dry Wt (pcf)” | Last Calibration Date : 11/19/07
DATE: 4/7/09 4/10/09 Lo lriax Comp [7cirves | D - Relative Dens (%) Drill Rig Number : D50
JOB: 011-11497-013 -CONTINUED- PLATE 16




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 2 of 2

LOG OF BORING NO. CD-PZ-BAP-0905
CARDINAL PLANT ASH POND INVESTIGATION

BRILLIANT, OHIO

BBCM

LOCATION: See Plate 2 of Appendix A ELEVATION:  650.1 DATE: 4/6/09

DRILLING METHOD: ~ 4-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 30.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY TNDEX <
EE & S NATURAL MOTSTURE CONTENT TEST
2 2HsS55 2| 2 |38 DESCRIPTION e g I
S
25 AR % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
Medium-dense to dense brown and gray fine to 10 20 30 40
coarse sand, trace to little fine to coarse gravel,
7 / trace silt, contains roots near top of stratum,
13 12, | 48 | 67 contains zones of fine to coarse gravel, wet.
23 G
? /
14 12/ 51| 73
25
620.1
| "~ | 30, 77777777777777777777777777
- Groundwater encountered at 18.0'".
- Encountered decayed wood at 18.5'.
- Borehole converted to observation well upon
completion. See separate well log.
- Boring location and elevation surveyed by AEP.
- 35,
- 40,
- 45,
-50 SYWBOLS USED TO INDICATE TEST RESULTS - -
WATER LEVEL: ¥ 80 Y 54 G-Oradation ~ see | H- penctrometer (tory |0 | R0d Energy Ratio: 082
WATER NOTE: Inside Well Inside Well $ - ¥”?°” gomp eparate | W- Unit Dry Wt (pcf) | Last Calibration Date : 11/19/07
DATE: 417109 4/10/09 ¢~ conaor """ ) curves | D-Relative Dens (%) Drill Rig Number : D50
JOB: 011-11497-013 PLATE 17




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 1 of 3 LOG OF BORING NO. CD-BAP-0906
CARDINAL PLANT ASH POND INVESTIGATION BBC Pw
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  668.6 DATE: 4/9/09 - 4/10/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX TEST
Bk 5 NATURAL MOTSTURE CONTENT
3 | g % % % % 2|2 S9 DESCRIPTION N g RESULTS
DO ARz % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
FILL: Medium-dense brown and gray fine to 10 20 30 40
coarse gravel (shale and siltstone fragments),
8, some fine to coarse sand, some silty clay, dry.
1 12/ 42 | 20
666.1 17
24 W6 23 FILL: Medium-dense dark-gray fine to medium e
665.3 8 sand, trace coarse sand, little fine gravel, some
/ ] A ) g ]
2B 8 \clayey silt, dry to damp. / H=2.5-3.5
6, FILL: Very-stiff brown and gray silty clay and
3 4, | 13| 33 | clayey silt, some fine to coarse sand, little fine o<—|—x H=2.3
N 5 gravel (sandstone, siltstone, and shale fragments),
6, damp.
662.1 4 8, | 24 40 H=2.3-3.3
9 FILL: Medium-dense brown and gray fine to
6, coarse gravel "and" fine to coarse sand, some
5 7, | 20 | 67 | silty clay (sandstone and siltstone fragments),
7 stiff brown silty clay seam at 13.5', damp.
oa W°
N 10726B
1 1/
7 1,133 ] 60
12
? /
8 13, 133 | 67
10 G
? /
9 16, |50 | 60 H=2.2
19
154 10
/
10 11 / 32 | 40
652.1 11
7, FILL: Very-stiff brown silty clay, some fine to
11 7, | 19 | 53 | coarse sand, some fine to coarse gravel, damp to ° H=2.2
650.6 6 moist. G
N s Very-loose to loose gray silt, trace to some fine
sand, trace to little fine to medium sand, trace
12B fine gravel, few seams of gray fine to medium
: \
20 sand, damp becoming wet at 20'.
I 1
/
13 1,16 80
3
%
SRé 00
R
g
14 WSy |16
/ ) 1
15 /43| 100 b
-25 SYWBOLS USED TO INDICATE TEST RESULTS , .
WATER LEVEL: X 103 ¥ G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: ___Inside HSA Q - Uncon COMP L separate | W - Unit Dry Wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/10/09 ¢~ conaor """ ) curves | D-Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013

-CONTINUED-

PLATE 18




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOG OF BORING NO. CD-BAP-0906

Page 2 of 3
& CARDINAL PLANT ASH POND INVESTIGATION BBC)“
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  668.6 DATE: 4/9/09 - 4/10/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSISTENCY INDEX <
=5 = S NATURAL MOISTURE CONTENT TEST
3 583 =552z 59 DESCRIPTION N g RESULTS
B~
35 S22 S & = &~ <~ PLASTIC LIMIT <= L10UID LIMIT
Very-loose to loose gray silt, trace to some fine 10 20 30 40
3 / sand, trace to little fine to medium sand, trace
16 4 13 | 67 | fine gravel, few seams of gray fine to medium
[— / - ' G
5 sand, damp becoming wet at 20'.
3 / (]
17 I, |4 |80 G
2 2
/ 2/
18 2l 6 | 67
6386 | 4
Very-soft to medium-stiff gray organic clayey
silt, trace fine to coarse sand, trace fine gravel,
Ly contains seams of silty clay, silt and fine to
19 L, 16|67 medium sand, wet. 1T H=0.9
3 G
2 H=0.0-
/
20 2, 7|60 ° 23
3 G
|35 LOI=7.9%
2 /
21 2, 174 K@ X H=0.0
3 G
3
/
22 5,120 53 H=0.9
6286 | 40 9
Medium-dense brown and gray fine to coarse
gravel, some fine to coarse sand, trace to little
5, silt, contains zones of fine to coarse sand, wet.
23 6, 11940
7
6
/
24 7 / 23 | 47
9 G
[ 45,
10
25 / 40 | 70
13/
15
6 /
26 10/ 34 | 67
14
50 SYMBOLS USED TO TNDICATE TEST RESULTS , .
WATER LEVEL: ¥ 10.3 A 4 G- Gradation e 4 - Penctroneter (tsh) Drill Rod Energy Ratio: 0.86
WATER NOTE: ___Inside HSA $ - ¥r:¢_:on 802;}5eparate W - Unit Dry wt (pcf) | Last Calibration Date : 02/17/09
DATE: 4/10/09 ¢ conan1 2™ J “curves | D -Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013

-CONTINUED-

PLATE 19




2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 3 of 3 LOG OF BORING NO. CD-BAP-0906
CARDINAL PLANT ASH POND INVESTIGATION BBC Pw
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  668.6 DATE: 4/9/09 - 4/10/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 60.0'
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g H . NATURAL CONSISTENCY INDEX TEST
& 5 NATURAL MOTSTURE CONTENT
B EEsSEEE e 2|5y DESCRIPTION g TORAL WOTSTS e
B~
?0 525 5 @ % & <~ PLASTIC LIMIT <= L10UID LIMIT
Medium-dense brown and gray fine to coarse 10 20 30 40
gravel, some fine to coarse sand, trace to little
10/ silt, contains zones of fine to coarse sand, wet.
27 10, 137 | 47
16
? /
28 10, 132 ] 60
12
[ 55,
o
29 15, | 69 | 33
33
3
/
5, | 23
11
(6086 | o0l ||
- Groundwater encountered at 20.0".
- Cobbles encountered throughout the borehole.
- Borehole grouted upon completion.
- Boring location and elevation surveyed by AEP.
[ 65,
[ 70,
=75 SYMBOLS USED TO INDICATE TEST RESULTS . .
WATER LEVEL: £ 103 ¥ G-Oradation  see | H- penctrometer (tory |0 | R0d Energy Ratio: 086
WATER NOTE: Inside HSA Q - Uncon Comp |gooave | W— Unit Dry Wt (pof Last Calibration Date : 02/17/09
T - Triax Comp P y (pch TDl I~k EC
DATE: 4/10/09 C - Consol . Curves | D - Relative Dens (%) Drill Rig Number : TRUCK 55

JOB: 011-11497-013 PLATE 20



2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

Page 1 of 2 LOG OF BORING NO. CD-BAP-0907
CARDINAL PLANT ASH POND INVESTIGATION BBC Pw
BRILLIANT, OHIO 1
LOCATION: See Plate 2 of Appendix A ELEVATION:  650.3 DATE: 4/8/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 30.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSTSTENCY TNDEX
a4 S
E Eg 52EE 8 s EB DESCRIPTION < NATURAL WOTSTURE CONTENT RETSESITTS
S
DO AR % & <~ PLASTIC LIMIT <~ L1QUID LIMIT
649.9 TOPSOIL - 0.4 FEET 10 20 30 40
FILL: Very-stiff to hard brown mottled with
4, gray silty clay, trace to little fine to coarse sand,
1 5, | 14| 47 | trace fine gravel, few roots near top of stratum, H=2.2-2.4
5 contains fine to medium sand lenses and seams
4, near middle of stratum, damp.
2 5/ 21 | 73 o H=3.9-4.2
10
4
/
3 6, | 18 | 80 H=4.5
- 5 - 7
9
/
4 11 / 36 | 100 [ H=4.5
15
5
/
5 7/ 21 | 67 [J H=4.1-4.5
8
641.8
p FILL: Hard brown, gray and dark-gray silty clay
6A intermixed with organic silt, little fine to coarse o H=4.5
640.6 G
104 sand, trace fine gravel, damp.
6306 6B Stiff gray organic silt, little fine to medium sand, H=2.2
' few lenses of fine sand, damp to moist.
SH Very-soft to soft gray organic clayey silt, little
7 S}% 0 | 67 | fine to medium sand, trace fine gravel, damp to H=0.0
H moist. G
SH
8 I S}% 0 |73 L o8 H=0.0
H G
- 15,
\/ S]?I H=0.0-
9 SP% 0| 67 o |02
H G
s H=0.0-
10 S}é 0 | 73 Y E—(—
H G
- 20,
s H=0.0-
11 S@ 4 | 67 < & N 0.50
3 G
627.3
Medium-dense gray-brown and gray fine to
2 , coarse gravel, "and" fine to coarse sand, trace to
12 6, | 1933 little silt, wet.
8
-25 SYWBOLS USED TO INDICATE TEST RESULTS , ,
WATER LEVEL: £ 163 ¥ G-Oradation ~ see | H- penctrometer (tory |0 | R0d Energy Ratio: 082
WATER NOTE: ___Inside HSA 9 - Uncon gomr}sgpamte W - Unit Dry we (pcf) | Last Calibration Date : 11/19/07
DATE: 4/8/09 ¢ 2 Lehax %™ | “Curves | D - Relative Dens (%) Drill Rig Number : D50

JOB: 011-11497-013
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Page 2 of 2 LOG OF BORING NO. CD-BAP-0907 )

CARDINAL PLANT ASH POND INVESTIGATION BBC w
BRILLIANT, OHIO |

2008 NEW DEFAULT BORING LOG-W/N60 111497013.GPJ BBCM.GDT 8/4/09

LOCATION: See Plate 2 of Appendix A ELEVATION:  650.3 DATE: 4/8/09
DRILLING METHOD:  3-1/4" 1.D. Hollow-stem Auger COMPLETION DEPTH: 30.0°
SAMPLER(S): 2" O.D. Split-barrel Sampler 3" O.D. Shelby Tube Sampler
s [z =5EHEE g A . NATURAL CONSTSTENCY TNDEX <
EE & S NATURAL MOTSTURE CONTENT TEST
3 | g % = % % 2|2 S9 DESCRIPTION N g RESULTS
%5 2|5 & o %~ <~ PLASTIC LIMIT <~ L1QUID LIMIT
Medium-dense gray-brown and gray fine to 10 20 30 40
coarse gravel, "and" fine to coarse sand, trace to
8, little silt, wet.
13 12, | 34 | 40
13 G
6
/ 7/
14 9 22 | 47
6203
| -~ | 30, 77777777777777777777777777
- Seepage encountered at 11.0'.
- Groundwater encountered at 23.0'".
- Borehole grouted upon completion.
- Boring location and elevation surveyed by AEP.
- 35,
- 40,
- 45,
-50 SYMBOLS USED TO INDICATE TEST RESULTS f .
WATER LEVEL: X 163 ¥ G-Oradation ~ see | H- penctrometer (tory |0 | R0d Energy Ratio: 082
WATER NOTE: ___Inside HSA $ - ¥?¢_:on gomr}s,sparate W - Unit Dry wt (pcf) | Last Calibration Date : 11/19/07
DATE: 4/8/09 ¢ 2 Lehax %™ | “Curves | D - Relative Dens (%) Drill Rig Number : D50

JOB: 011-11497-013 PLATE 22



Depth Below
Elevation Ground
(Feet above| Surface
MSL) (Feet)
Top of Cover [
. 4 - Inch Diameter Protective Steel Casing
Top of PVC _
2 - Inch Diameter Flush-Thread PVC Casing
668.0 0.0 Ground Surface %‘ Ground Surface
7
H v
N/A N/A Top of Grout 17 2 Concrete
p 2// % ’
78 o
/ / Boring Diameter (in inches)
% % 7 " 00 to 605
n : o
% % " to
Z é Grout: N/A
666.5 1.5 Top of Bentonite é é
R XY
e, *4 .
b‘" P 0‘ Bentonite Seal: Hole Plug
X D)
o e
[0 -
i re,
659.8 8.2 Top of Filter Pack 5 T
N/A N/A Top of Aquifer 10 - Slot Screen
658.0 10.0 Top of Screen Openings
Filter Pack: No. 4 Quartz Sand8.2' - 24.9'
Natural Sand 24.9' - 60.5'
608.0 60.0 Bottom of Screen Openings
608.0 60.0 Bottom of Well
N/A N/A Bottom of Aquifer . X
(NOT TO SCALE)
607.5 60.5 Bottom of Boring
Static Water Level:| 657.30 659.60
Date:| 4/8/09 4/10/09
Well Development:
Removed approximately 10 well volumes during development and well remained WELL COMPLETION DIAGRAM
silty. Additional well development performed and well remained slightly silty at -
completion of bailing. Set steel casing in 3'x3' concrete pad. Placed steel bollards Project Name:
around concrete pad. Cardinal Plant Ash Pond Investigation
Project Location:
Brilliant, Ohio
Project Number:
011-11497-013
Boring Number:
CD-PZ-BAP-0902
Date Well Installed:
4/8/2009
PLATE 23
Template Date: 6/15/2009 File Name: 011-11497-013 Monitoring Well Logs.xls
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WELL COMPLETION DIAGRAM

Cardinal Plant Ash Pond Investigation

Depth Below
Elevation Ground
(Feet above| Surface
MSL) (Feet)
Top of Cover [
. 4 - Inch Diameter Protective Steel Casing
Top of PVC _
2 - Inch Diameter Flush-Thread PVC Casing
668.1 0.0 Ground Surface 3] %‘ Ground Surface
7
H v
N/A N/A Top of Grout 17 2 Concrete
p 2// % ’
78 o
/ / Boring Diameter (in inches)
?ﬁ éﬁ 7 " 00 to 60.0
n : o
% % " to
Z é Grout: N/A
665.1 3.0 Top of Bentonite é é
o3 I Yo
e, *4 .
b‘" P 0‘ Bentonite Seal: Hole Plug
X D)
< BE
[0 -
i re,
660.1 8.0 Top of Filter Pack 5 T
N/A N/A Top of Aquifer 10 - Slot Screen
658.6 9.5 Top of Screen Openings
Filter Pack: No. 4 Quartz Sand 8.0" - 32.5'
Natural Sand 32.5' - 60.0'
608.6 59.5 Bottom of Screen Openings
608.6 59.5 Bottom of Well
N/A N/A Bottom of Aquifer . X
(NOT TO SCALE)
608.1 60.0 Bottom of Boring
Static Water Level:| 652.20
Date:| 4/10/09
Well Development:
Removed approximately 10 well volumes during development and well remained
silty. Additional well development performed and well remained slightly silty at -
completion of bailing. Set steel casing in 3'x3' concrete pad. Placed steel bollards Project Name:
around concrete pad.
Project Location:
Brilliant, Ohio
Project Number:
011-11497-013
Boring Number:
CD-PZ-BAP-0904
Date Well Installed:
4/7/2009

Template Date: 6/15/2009

File Name: 011-11497-013 Monitoring Well Logs.xls
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Depth Below
Elevation Ground
(Feet above| Surface
MSL) (Feet)
Top of Cover [
. 4 - Inch Diameter Protective Steel Casing
Top of PVC _
2 - Inch Diameter Flush-Thread PVC Casing
650.1 0.0 Ground Surface 3] %‘ Ground Surface
7
H v
N/A N/A Top of Grout 17 2 Concrete
p 2// % ’
78 o
/ / Boring Diameter (in inches)
% % 7 " 00 to 30.0
n : o
% % " to
Z é Grout: N/A
647.6 2.5 Top of Bentonite é é
o I Yot
e, *4 .
b‘" P 0‘ Bentonite Seal: Hole Plug
X D)
o e
[0 -
i re,
642.1 8.0 Top of Filter Pack 5 T
N/A N/A Top of Aquifer 10 - Slot Screen
641.6 8.5 Top of Screen Openings
Filter Pack: No. 4 Quartz Sand 8.0" - 32.5'
Natural Sand 18.0" - 30.0'
621.6 28.5 Bottom of Screen Openings
621.6 28.5 Bottom of Well
N/A N/A Bottom of Aquifer . X
(NOT TO SCALE)
620.1 30.0 Bottom of Boring
Static Water Level:| 642.10 644.70
Date:| 4/7/09 4/10/09
Well Development:
Removed approximately 10 well volumes during development. Well remained silty WELL COMPLETION DIAGRAM
at completion of bailing. Set steel casing in 3'x3' concrete pad. Placed steel -
bollards around concrete pad. Project Name:
Cardinal Plant Ash Pond Investigation
Project Location:
Brilliant, Ohio
Project Number:
011-11497-013
Boring Number:
CD-PZ-BAP-0905
Date Well Installed:
4/6/2009
PLATE 25
Template Date: 6/15/2009 File Name: 011-11497-013 Monitoring Well Logs.xls
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Appendix II - 2009 & 2015 Laboratory Testing Results
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ALPI-REG

<=~ un >

XKooz —

ATTERBERG LIMITS' RESULTS - ASTM D4318

60

50

@)

@)

40

e

30

P

20

v

CL-ML

\*E

()

)

20 40 60 80 1
LIQUID LIMIT (LL)
Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification
® CD-BAP-1501 12.25 | 14 | 22 | 14 8
X CD-BAP-1502 6.25 9 27 | 16 | 11 | 28.6 | CLAYEY SAND with GRAVEL SC
A CD-BAP-1502 11.25 21 | 14 7
* CD-BAP-1502 17.75 | 13 26 | 16 | 10 |27.9 | CLAYEY SAND with GRAVEL SC

PROJECT BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION
LOCATION CARDINAL PLANT, BRILLIANT, OH
JOB NO. 7217-15-007A DATE 12/30/15

J
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ALPI-REG

<=~ un >

XKooz —

60

50

ATTERBERG LIMITS' RESULTS - ASTM D4318
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@)

40

e

30

20

P

®
P -~
CL-ML ) @ @
20 40 60 80 100
LIQUID LIMIT (LL)
Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification

® CD-BAP-1501 12.25 | 14 | 22 | 14 8
X CD-BAP-1502 6.25 9 27 | 16 | 11 | 28.6 | CLAYEY SAND with GRAVEL SC
A CD-BAP-1502 11.25 9 21 | 14 7
* CD-BAP-1502 17.75 | 13 26 | 16 | 10 |27.9 | CLAYEY SAND with GRAVEL SC
© IMW-BAP-4| 6.25 15 | 25 | 16 9 | 41.2 | CLAYEY SAND SC
< \MW-BAP-4| 9.25 24 | 43 | 21 | 22
O |[MW-BAP-5| 4.75 13 30 | 17 | 13 | 38.8 | CLAYEY SAND with GRAVEL SC
A |MW-BAP-5| 9.25 10 | 30 | 18 | 12
® IMW-BAP-5| 21.75 | 40 | 48 | 26 | 22 |94.9 | LEANCLAYCL

PROJECT BOTTOM ASH POND SUPPLEMENTAL INVESTIGATION

LOCATION CARDINAL PLANT, BRILLIANT, OH

JOB NO. 7217-15-007A DATE 12/30/15

J
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2009 SITE INVESTIGATION



SUM REG 111497013.GP] BBCM.GDT 7/6/09

I 31vd

( SUMMARY OF LABORATORY TEST RESULTS
GRADATION COMPACTION TRIAXIAL DIRECT SHEAR E(C) 8 %g g\g }é PERMEABILITY lélg L (% I§I C
) Hydrometer | 3wl enyl 4w e W ISIEV TG0 e ey e g 8D TR e D
BORING " mc L e i |t | h | 4 h | F jerieBdow e i RLRERT R e DR LY 6
14 S S R ISR N B A R R A A L B\
e |t d d d s 1 c e e B
% | % | % | % * SEE INDIVIDUAL TEST CURVES PCH % | %
BAP-0901 475 | 16
BAP-0901 7.75 | 16 | 28 | 18 10
BAP-0901 13.75 | 13 | 27 | 17 | 10
BAP-0901 18.25 | 14 | 37 | 24 | 13 | * *
BAP-0901 22.75 | 30 | NP | NP | NP | * *
BAP-0901 24.50 *
BAP-0901 29.25 | 27 | 37 | 22 | 15 | * *
BAP-0901 31.25 *
BAP-0901 31.75 | 33 | 35 | 28 | 7 | * * * *
BAP-0901 32.25 *
BAP-0901 34.25 | 42 | 34 | 27 | 7 | * *
BAP-0901 36.75 | 40 | 45 | 29 | 16 | *
BAP-0901 39.25 | 42 | 40 | 23 | 17 | * *
BAP-0902 625 | 13 | 27 | 17 | 10 | * *
BAP-0902 10.75 | 20
BAP-0902 12.25 | 10 | 26 | 17 | 9 | * *
BAP-0902 16.75 | 24 | 37 | 19 | 18
BAP-0902 18.25 | 21 | 35 | 17 | 18 | * *
BAP-0902 19.75 | 31 | 29 | 17 | 12 | * *
BAP-0902 21.25 | 26 | NP | NP | NP | * *
) PROJECT CARDINAL PLANT ASH POND INVESTIGATION
BBCIw TESTING SUMMARY - STANDARD ESECSA’\ITC;?N 01111497013 BFS;LT'AEN“ OHIO?/e/og
\_SoLuTions To BuiLp ON y




)

SUMMARY OF LABORATORY TEST RESULTS

é GRADATION COMPACTION TRIAXIAI_d D(IiRECTSHEAR %I(\C)/[ Ic(\:)I E}%} g\%]r}% PERMEABIL:CTY %E g (2) IEI E
: ld. el e g rrfgepin e P INSIBIET Y By s [y (BT (RT
SRR RN AN A LI Nk
% % | % | % | % * SEE INDIVIDUAL TEST CURVES PCF ) % | %
§|3AP-0902 22.75 *
“BAP-0902 27.25 | 54 | NP | NP | NP | * * 10.4

BAP-0902 28.75 | 43 | NP | NP | NP | * *

BAP-0902 32.25 | 38 | 36 | 28 8 | * *

BAP-0902 37.25 | 22 * *

BAP-0902 39.75 | 24 * *

BAP-0902 42.25 *

BAP-0903 3.25 | 24 | 48 | 24 24 | * *

BAP-0903 4.75 | 22

BAP-0903 7.75 | 20 | 36 | 20 | 16 | * *

BAP-0903 925 | 49 | 41 | 38 3 | * *

BAP-0903 14.25 | 43 | NP | NP | NP | * *

BAP-0903 16.75 | 43 | 37 | 24 | 13 | * *

BAP-0903 19.25 | 44 | 35 | 24 | 11 | * *

BAP-0903 21.75 | 35 | 34 | 21 | 13 | * *

BAP-0903 24.25 *

BAP-0904 4.75 | 13

BAP-0904 9.25 | 14 | 25 | 16 | 9 | * *

BAP-0904 13.75 | 16 | 35 | 21 | 14

BAP-0904 16.75 *
E ) PROJECT CARDINAL PLANT ASH POND INVESTIGATION
5 BBClw TESTING SUMMARY - STANDARD E(CJ)EC;ANTC;?N 1L11497-013 BFS;LT'AENT' OH'O7/6/09
ro N\ SoLuTions To BuiLp ON y




SUM REG 111497013.GP] BBCM.GDT 7/6/09

¢ 31Vvd

( SUMMARY OF LABORATORY TEST RESULTS
GRADATION COMPACTION TRIAXIAL | DIRECT SHEAR E(C) 8 %%} g\]zav }é PERMEABILITY lél}% L (}S I§I C

) Hydrometer |3 wpeuyl 4w e W SIEVI TG0 e ey e g 80D TR e D
BORING ' mc L e i |t | h | 4 h | d jerieBdow e i RLRERT R e DR RE LY 6

14 S S R SIS S B B b A R A A L B\

e t d d d s 1 e le e B
Y% | % | % | % * SEE INDIVIDUAL TEST CURVES PCF % | %
BAP-0904 19.75 | 28 | NP NP | NP | *
BAP-0904 22.75 | 26 | NP | NP | NP | * *
BAP-0904 25.75 | 22 | NP | NP | NP | * *
BAP-0904 27.25 | 38 | 38 | 24 | 14 | * *
BAP-0904 28.75 | 47 | 42 | 30 | 12 | * *
BAP-0904 36.75 *
BAP-0905 4.75 | 17 | 32 | 18 14 | * *
BAP-0905 7.75 | 22 | 48 | 24 | 24
BAP-0905 9.85 | 33 *
BAP-0905 14.25 | 45 | 43 | 27 | 16 | * * 8.4
BAP-0905 16.75 | 42 | 40 | 25 | 15 | * *
BAP-0905 21.75 | 38 | 38 | 23 | 15 | * *
BAP-0905 26.75 *
BAP-0906 2.90 | 11
BAP-0906 4.75 | 15 | 27 | 17 | 10
BAP-0906 12.75 * *
BAP-0906 17.25 | 14 | 31 | 19 | 12 | * *
BAP-0906 24.75 | 31 | NP | NP | NP | * *
BAP-0906 26.25 *
BAP-0906 27.25 | 22 | NP | NP | NP | * *
) PROJECT CARDINAL PLANT ASH POND INVESTIGATION
BBCIw TESTING SUMMARY - STANDARD ESECSA’\ITC;ON 01111497013 BFS;LT'AEN“ OHIO?/e/og

\_SoLuTions To BuiLp ON ' y




)

SUMMARY OF LABORATORY TEST RESULTS

E GRADATION COMPACTION TRIAXIAL DIRECTSHEAR UC |[C|SG|UW| R |PERMEABILITY| R D L |[R|S| C
g e IN|ERIY T M LN o [ClE B
2 , Hydrometer | ¢ | @\ RRICRY) & SR L | 9RISICYITG O |0 1Y TYIAS| | KL
Asorma ™ el lpL el s D [l LS JSERER Y S FEILIETIRTID ) 151D ki
1d. oo m e D EREERRIL L a G NS IDICTY By sy KT
= \ r g r € .n|ine| d d n a : v | h 1 B
5 e t d d d s 1 e ¢ e E
: % | % | % | % * SEE INDIVIDUAL TEST CURVES PCF % | %
“BAP-0906 31.75 | 34 | 33 | 22 | 11 | *
“BAP-0906 34.25 | 43 | 50 | 30 20 | * * 7.9
BAP-0906 36.75 | 38 | 43 | 26 | 17 | * *
BAP-0906 44.25 *
BAP-0907 3.25 | 21
BAP-0907 6.25 | 15
BAP-0907 7.75 | 23 | 49 | 26 | 23
BAP-0907 9.25 | 28 | 47 | 29 | 18 | * * * * *
BAP-0907 11.75 * *
BAP-0907 14.25 | 43 | 44 | 28 | 16 | * *
BAP-0907 16.75 | 44 | 45 | 29 | 16 | * *
BAP-0907 19.25 | 40 | 48 | 29 | 19 | *
BAP-0907 21.75 | 39 | 30 | 24 | 6 | * *
BAP-0907 26.75 *
,E ) PROJECT CARDINAL PLANT ASH POND INVESTIGATION
2 BBC w TESTING SUMMARY - STANDARD LOCATION BRILLIANT, OHIO
m l JOB NO. 011-11497-013 DATE 7/6/09
& \_SoLuTions To BuiLp ON y




ALPI-REG 1]14970]3.(;}‘] BBCM.GDT 7/6/09

<H—=OQ=—0npr

X Z—~

60

50,

ATTERBERG LIMITS' RESULTS

BRC

/

@ | @ yd

40

30

e

20

-

o S

CL-ML ) @ @
20 40 60 80 100
LIQUID LIMIT (LL)
Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification
® | BAP-0901 | 7.75 16 | 28 | 18 | 10
X | BAP-0901 | 13.75 | 13 | 27 | 17 | 10
A | BAP-0901 | 18.25 | 14 37 | 24 | 13 | 60.6 | SANDY LEAN CLAY CL
* | BAP-0906 | 4.75 15 | 27 | 17 | 10
® | BAP-0906 | 17.25 | 14 31 | 19 | 12 | 38.0| CLAYEY SAND with GRAVEL SC
< BAP-0902 | 6.25 13 27 | 17 | 10 | 23.6 | CLAYEY GRAVEL with SAND GC
O | BAP-0902 | 1225 | 10 | 26 | 17 9 | 28.8 | CLAYEY SAND with GRAVEL SC
A | BAP-0902 | 16.75 | 24 | 37 | 19 | 18
® | BAP-0902 | 1825 | 21 | 35 | 17 | 18 |54.2 SANDY LEANCLAY CL
@ | BAP-0902 | 19.75 | 31 | 29 | 17 | 12 | 78.8 | LEAN CLAY with SAND CL
0| BAP-0904 | 9.25 14 | 25 | 16 9 | 30.3| CLAYEY SAND with GRAVEL SC
& | BAP-0904 | 13.75 | 16 | 35 | 21 | 14
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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ALPI-REG 1]14970]3.(;[‘] BBCM.GDT 7/6/09

<H—=OQ=—0npr

X Z—~

ATTERBERG LIMITS' RESULTS

BRC

60

50,

@)

@)

/

i

40

30

e

20

-

iy

/*/
()

CL-ML ) @
‘ 20 40 60 80 100
LIQUID LIMIT (LL)
ORIGINAL EMBANKMENT FILL
Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification
® | BAP-0903 | 3.25 24 | 48 | 24 | 24 |91.6 | LEANCLAYCL
X | BAP-0903 | 7.75 20 | 36 | 20 | 16 |86.2| LEANCLAYCL
A | BAP-0907 | 7.75 23 | 49 | 26 | 23
* | BAP-0907 | 9.25 28 | 47 | 29 | 18 | 95.2| SILTML
® | BAP-0905 | 4.75 17 | 32 | 18 | 14 | 75.2| LEAN CLAY with SAND CL
& | BAP-0905 | 7.75 22 | 48 | 24 | 24
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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X Z—~

ALPI-REG 111497013.GPJ BBCM.GDT 7/6/09

~

ATTERBERG LIMITS' RESULTS BBC?A

60 v

@ | @ jyd
; //

. e
v

20
Ny
CL-ML — 4 @ @

(h 20 40 60 80 100

ALLUVIUM SILT AND CLAY HQUID LIMIT (LD
Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification
@®  BAP-0901 | 22.75 | 30 | NP | NP | NP | 95.3| SILTML
X | BAP-0901 | 29.25 | 27 37 | 22 | 15 | 91.0| LEANCLAYCL
A | BAP-0901 | 31.75 | 33 35 28 7 | 73.9| SILT with SAND ML
* | BAP-0903 | 21.75 | 35 34 21 13 | 70.1 | LEAN CLAY with SAND CL
® | BAP-0906 | 24.75 | 31 NP | NP | NP |95.2 | SILTML
<& | BAP-0906 | 27.25 | 22 NP | NP | NP | 75.2 | SILT with SAND ML
O| BAP-0902 | 21.25 | 26 | NP | NP | NP |86.8 | SILTML
AN | BAP-0904 | 22.75 | 26 | NP | NP | NP | 47.4 | SILTY SAND SM
® | BAP-0904 | 25.75 | 22 | NP | NP | NP | 914 | SILTML
© | BAP-0905 | 21.75 | 38 38 | 23 | 15 | 62.0 | SANDY LEAN CLAY CL
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09

_—"
PLATE 7



ALPI-REG 1]14970]3.(;}‘] BBCM.GDT 7/6/09

<H=O—~—wnpro

X Z—~

ATTERBERG LIMITS' RESULTS

BRC

60

50,

/

@ | @ yd

40

30

e

20

-

pe
CL-ML e X @ @
(U 20 40 60 80 100
ORGANIC CLAYEY SILT HQUID LIMIT(LL)

Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification
@® | BAP-0901 = 3425 | 42 | 34 | 27 7 | 78.2 | ORGANIC SILT with SAND OL
X | BAP-0901 | 36.75 | 40 45 | 29 | 16 |59.2 | SANDY ORGANIC SILT OL
A | BAP-0901 | 39.25 | 42 40 | 23 | 17 | 81.5| ORGANIC CLAY with SAND OL
* | BAP-0903 | 9.25 49 41 | 38 3 | 66.6 | SANDY ORGANICSILT OL
®| BAP-0903 | 1425 | 43 | NP | NP | NP | 71.4  ORGANIC SILT with SAND OL
< | BAP-0903 | 16.75 | 43 | 37 | 24 | 13 | 75.9| ORGANIC CLAY with SAND OL
O| BAP-0903 | 1925 | 44 | 35 | 24 | 11 |61.3| SANDY ORGANIC CLAY OL
A | BAP-0906 | 31.75 | 34 | 33 | 22 | 11 |81.3| ORGANIC CLAY with SAND OL
® | BAP-0906 | 3425 | 43 | 50 | 30 | 20 |96.9 ORGANICSILT OH
@ | BAP-0906 | 36.75 | 38 | 43 | 26 | 17 |91.1  ORGANICCLAY OL
(0| BAP-0907 | 14.25 | 43 | 44 | 28 | 16 | 84.7 | ORGANIC SILT with SAND OL
& BAP-0907 | 16.75 | 44 | 45 | 29 | 16 |84.9| ORGANIC SILT with SAND OL
& | BAP-0907 | 1925 | 40 | 48 | 29 | 19 1 90.9| ORGANICSILT OL
s | BAP-0907 | 21.75 | 39 30 | 24 6 | 56.3| SANDY ORGANIC SILT OL
3| BAP-0902 | 27.25 | 54 | NP | NP | NP | 85.3 | ORGANICSILTOL
B | BAP-0902 | 28.75 | 43 | NP | NP | NP | 74.9  ORGANIC SILT with SAND OL
& | BAP-0902 3225 | 38 | 36 | 28 8 | 75.4 | ORGANIC SILT with SAND OL
<| BAP-0904 | 19.75 | 28 | NP | NP | NP | 92.1 | ORGANICSILTOL
X | BAP-0904 | 2725 | 38 | 38 | 24 | 14 |79.2 | ORGANIC CLAY with SAND OL
8 BAP-0904 | 28.75 | 47 42 | 30 | 12 | 78.4 | ORGANIC SILT with SAND OL

PROJECT CARDINAL PLANT ASH POND INVESTIGATION

LOCATION BRILLIANT, OHIO

JOB NO. 011-11497-013 DATE 7/6/09

_—4
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ALPI-REG 1]14970]3.(;[‘] BBCM.GDT 7/6/09

<H=O—~—wnpro

X Z—~

ATTERBERG LIMITS' RESULTS

BRC

60

50,

@)

@)

/

i

40
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e

20

-

10 /
— Tl
0
20 40 60 80 100
LIQUID LIMIT (LL)
ORGANIC CLAYEY SILT
Specimen Id. | Depth | MC | LL | PL | PI |Fines ASTM Classification
® | BAP-0905 | 1425 | 45 | 43 | 27 | 16 |80.5 ORGANICSILT with SAND OL
X | BAP-0905 | 16.75 | 42 | 40 | 25 | 15 | 84.5| ORGANIC CLAY with SAND OL
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRN-EPA W/ASTM-BBCM

01 31vd

( )
BERC
[
U.S. SIEVE OPENING IN INCHES| U.S. SIEVE NUMBERS | HYDROMETER
3 2 15 1 3/4 1& 4 10 40 70 200
100
90
P
E g0
R
C .
1]::1 70 T e —.
T \.\\
60 =
F
! LN
N 50
E LN
R 40 \q
B
Y o3 *
W Y
E
[ 20
G
H
710 ~e
0
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0901 S-12 17.5'to FILL: Gray and brown silty clay, some fine to coarse sand, 14 37 24 13 0.393 | 41.763
18.3 trace fine gravel(shale fragments).
SANDY LEAN CLAY CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
®| CD-BAP-0901 S-12 17.5'to] 12.5000 6.3655 0.0697 0.0225 0.0017 7.17 32.23 48.87 11.73
18.3"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09




GRN-EPA W/ASTM-BBCM

IT 31v1d
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IBI3CiV
[
U.S. SIEVE OPENING IN INCHES| U.S. SIEVE NUMBERS | HYDROMETER
3215 134 12 4 10 40 70 200
100 ® — | JJ\
90
P
E g0
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C \
E 70
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F
' 50
N
: .
40
: .
Y o3
%
E 9
G ‘e
H o \.\
T
0 e
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0901 S-15 22.0'to Dark-gray brown silt, trace clay, trace fine to medium sand. 30 NP NP NP 0.950 5.248
23.2'
SILT ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0901 S-15 22.0'to  2.0000 0.0736 0.0163 0.0125 0.0031 0.00 4.67 89.08 6.25
23.2"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N




GRN-EPA W/ASTM-BBCM

¢l 31vd

( )
BERC
[
U.S. SIEVE OPENING IN INCHES| U.S. SIEVE NUMBERS | HYDROMETER
3215 134 12 4 10 4 70 200
100 o ‘\‘\
90 Ne
P
E g0
R
C \'\
E 70
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60
F e,
I
N 50
E 9
R 40 \!
B
Y o3 e
w
)
];3 20
G
H 10
T
0
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0901 S-18 28.5'to Brown mottled with gray and dark-gray siltty clay 27 37 22 15
30.0° inter-bedded with organic silt, trace fine to medium sand.
LEAN CLAY CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt %Clay
® CD-BAP-0901 S-18 28.5'to, 2.0000 0.1279 0.0136 0.0083 0.00 9.04 63.38 27.58
30.0°
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09




GRN-EPA W/ASTM-BBCM

¢l 31vd

( )
BERC
[
U.S. SIEVE OPENING IN INCHES| U.S. SIEVE NUMBERS | HYDROMETER
3215 134 12 $ 10 40 70 200
100 —® —e
90
P
E g0
R
C .
E 70
N
T
60
F
N
E '\
R4 e
B e
Y o3 e J
w
Eo20 e
G )
H 10
T
0
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0901 ST-19A 11 Gray mottled with dark-gray and brown clayey silt, some 33 35 28 7
31.0"' to 32.8" fine sand, trace medium to coarse sand, few seams and lenses
of silty clay and fine sand.
SILT with SAND ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0901 ST-19A |11 4,7500 0.1927 0.0369 0.0204 0.00 26.12 55.95 17.94
31.0" to 32.8"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0901 S-20 33.5'to Dark-gray organic clayey silt, some fine sand, trace medium__ 42 34 27 7
35.0° sand.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0901 S-20 335'to 2.0000 0.1767 0.0351 0.0230 0.00 21.81 62.32 15.87
35.0°
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N




GRN-EPA W/ASTM-BBCM

ST 31vd

( )
BI3CV
[
U.S. SIEVE OPENING IN INCHES| U.S. SIEVE NUMBERS | HYDROMETER
3215 134 12 4 10 40 70 200
100
90 T
p - e
E go \.\
R
C
E 70
N
T
60 ®
F
1
N 50
E
R
40
B
Y o3
w
E
[ 20
G
H 1o
T
0
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0901 S-21 36.0'to Gray mottled with dark-gray organic clayey silt 40 45 29 16
37.5' inter-bedded with organic silt, some fine sand, trace medium
to coarse sand, little fine gravel.
SANDY ORGANICSILT OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0901 S-21  36.0'to] 19.0000 13.0775 0.0779 11.11 29.71 59.18
37.5'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0901 S-22 38.5'to Gray mottled with dark-gray organic clayey silt, little fine 42 40 23 17
40.0' sand, trace medium to coarse sand, trace fine gravel, few
lenses of fine sand.
ORGANIC CLAY with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0901 S-22 38.5'to] 12.5000 0.1726 0.0176 0.0104 0.05 18.42 59.43 22.10
40.0'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-4 5.5'to FILL: Brown and gray fine to coarse gravel(sandstone, 13 27 17 10 0.699 | 1690.044
6.6" siltstone and shale fragments), some fine to coarse sand,
some clayey silt.
CLAYEY GRAVEL with SAND GC
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® | CD-PZ-BAP-0902 S-4 55'to 37.5000 30.6832 6.3123 1.6307 0.0037 42.06 34.29 15.56 8.09
6.6'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-PZ-BAP-0902 S-8 11.5' FILL: Brown and gray fine to coarse sand, some fine to 10 26 17 9 0.731 | 748.575
to 12.6' coarse gravel(sandstone, siltstone and shale fragments), some
clayey silt.
CLAYEY SAND with GRAVEL SC
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-8 11.5' 37.5000 25.8279 2.7430 0.9275 0.0037 32.20 39.04 21.02 7.73
to 12.6'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-12 175 FILL: Brown and gray silty clay, "and"’ fine to coarse sand, 21 35 17 18
to 18.1" trace fine gravel(shale fragments).
SANDY LEAN CLAY CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-12 17.5! 19.0000 12.9863 0.1263 0.0418 8.45 37.34 33.34 20.87
to 18.1'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-13  19.0' FILL: Gray and brown silty clay, litle fine to coarse sand, 31 29 17 12
t0 19.3" trace fine gravel(shale fragments).
LEAN CLAY with SAND CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-13 19.0! 12.5000 1.4898 0.0182 0.0122 0.79 20.36 62.29 16.55
t0 19.3'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-14 20.5° Gray and dark-gray silt, trace clay, little fine to coarse sand 26 NP NP NP 0.902 7.417
t0 22.0'
SILT ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-14 20.5! 4.7500 0.1554 0.0286 0.0206 0.0039 0.00 13.18 82.51 431
t0 22.0"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 716/09 y
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-15 22.0° Gray and dark-gray silt, some clay, little fine sand, trace
to 22.8' medium to coarse sand, trace fine gravel.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-15 22.0! 12.5000 0.3717 0.59 21.88 77.52
t0 22.8'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09




GRN-EPA W/ASTM-BBCM

¢€C 31vd

( )
IBI3CiV
[
U.S. SIEVE OPENING IN INCHES| U.S. SIEVE NUMBERS | HYDROMETER
3215 134 12 4 10 40 70 200
100 \ ¢ D
90
P .
E g0
R
C
E
N 70 ‘\
T
60
; =
I
N 50
E L]
R 40 .
B
Yo .
W .
E 2 \’\
G
H 10 e
0
1,000 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-18 26.5' Gray mottled with dark-gray organic silt, little clay, little 54 NP NP NP
to 27.7° fine to medium sand.
ORGANICSILT OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-18 26.5 2.0000 0.2020 0.0178 0.0118 0.00 14.68 69.29 16.03
to 27.7"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-19 28.0' Gray mottled with dark-gray organic silt, little clay, some 43 NP NP NP 1.006 | 28.333
t0 29.5' fine sand, trace medium to coarse sand.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-19 28.0! 4.7500 0.2088 0.0400 0.0257 0.0014 0.00 25.13 61.48 13.39
t0 29.5'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO

011-11497-013

DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-20 31.5° Gray mottled with dark-gray organic clayey silt, some fineto 38 36 28 8
t0 32.6' medium sand, trace coarse sand, trace fine gravel.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® | CD-PZ-BAP-0902 S-20 31.5! 12.5000 0.3667 0.0367 0.0214 1.56 23.01 59.45 15.97
to 32.6'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% PL PI Cc Cu
@ CD-PZ-BAP-0902 S-22  36.5' Brown fine sand, trace medium to coarse sand, trace fine 22 5.969 37.720
to 37.6' gravel, some silt, trace clay.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-22 36.5! 12.5000 0.4117 0.1896 0.1395 0.0050 0.04 70.15 22.02 7.79
to 37.6'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% PL PI Cc Cu
@ CD-PZ-BAP-0902 S-23 39.0° Brown fine sand, trace medium sand, little silt, trace clay. 24 2.305 11.263
10 40.2"
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-23  39.00 2.0000 0.8615 0.2623 0.2242 0.0233 0.00 82.98 13.06 3.97
t0 40.2"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0902 S-24 41.5' Brown fine to medium sand, trace coarse sand, trace silt.
to 43.0'
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0902 S-24 41.5! 19.0000 1.9735 0.2909 0.2504 4.03 82.08 13.90
to 43.0'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
O®CD-BAP-0903 S-2 25't03.3 FILL: Brown mottled with dark-brown and gray silty clay, 24 48 24 24
trace fine to medium sand.
LEAN CLAY CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0903 S-2  25't03.3" 2.0000 0.1492 0.0108 0.0064 0.00 8.37 59.57 32.05
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
®CD-BAP-0903 S-5 7.0'to8.0 FILL: Brown mottled with dark-brown and gray silty clay, 20 36 20 16
little fine to coarse sand, trace fine gravel, few lenses of
organic silt.
LEAN CLAY CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0903 S-5 7.0"to8.0" 12.5000 0.2141 0.0160 0.0097 0.17 13.64 57.97 28.22
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
®CD-BAP-0903 S-6 8.5'ton9.5 Dark-gray organic silt, little clay, some fine sand, trace 49 41 38 3
medium sand, few lenses of fine sand.
SANDY ORGANICSILT OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0903 S-6 8.5'to9.5" 2.0000 0.2643 0.0510 0.0282 0.00 33.45 51.89 14.67
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0903 S-7 13.5'to Gray mottled with dark-gray organic silt inter-bedded with 43 NP NP NP
14.5' organic clayey silt, some fine sand, trace medium to coarse
sand, trace fine gravel.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0903 S-7 135'to| 12.5000 0.1974 0.0464 0.0306 0.01 28.55 56.01 15.44
14,5
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0903 S-8 16.0"to Gray mottled with dark-gray organic clayey silt, some fine 43 37 24 13
17.0' sand, trace medium to coarse sand, few seams of silt and fine
sand.
ORGANIC CLAY with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0903 S-8 16.0"to 4.7500 0.1829 0.0330 0.0182 0.00 24.07 57.37 18.56
17.0°
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0903 S-9 18.5'to Gray mottled with dark-gray organic clayey silt 44 35 24 11
19.6' inter-bedded with organic silt, "'and"’ fine sand, trace
medium to coarse sand, few lenses of fine sand.
SANDY ORGANIC CLAY OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0903 S-9 18.5'to 4.7500 0.2536 0.0697 0.0395 0.00 38.72 45,07 16.21
19.6"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 y
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0903 S-10 21.0'to Gray silty clay inter-bedded with silt, some fine sand, trace 35 34 21 13
21.9' medium to coarse sand, trace fine gravel, few seams of fine
sand.
LEAN CLAY with SAND CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
@®| CD-BAP-0903 S-10 21.0'to] 12.5000 0.3233 0.0404 0.0217 0.48 29.39 50.91 19.22
21.9'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0903 S-11  23.5'to Brown and gray fine sand, trace medium to coarse sand,
24.2' trace fine to coarse gravel, little silt, few seams of silty clay.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
@®| CD-BAP-0903 S-11  23.5'to] 37.5000 29.7874 0.3011 0.2598 9.42 76.74 13.84
24.2'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 y
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0904 S-6 8.5'to FILL: Brown and gray fine to coarse sand, some fine to 14 25 16 9 1.616 | 650.322
9.7' coarse gravel(sandstone, siltstone and shale fragments),
some clayey silt.
CLAYEY SAND with GRAVEL SC
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-6 8.5'to 37.5000 33.5189 1.4548 0.3242 0.0022 30.57 39.15 20.76 9.53
9.7
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0904 S-11  16.0° FILL: Brown and gray fine to coarse gravel(very-soft shale
t0 16.9' fragments), some fine to coarse sand, some silty clay.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® | CD-PZ-BAP-0904 S-11  16.01 25.0000 21.6832 6.3914 3.8325 47.10 25.44 27.45
to 16.9"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0904 S-13 19.0° Gray and dark-gray organic silt, trace clay, trace fine to 28 NP NP NP 0.977 6.304
to 20.3' coarse sand, trace fine gravel.
ORGANICSILT OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-13  19.0! 12.5000 0.1414 0.0233 0.0178 0.0037 0.06 7.85 87.03 5.06
t0 20.3'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0904 S-15 22.0' Gray and dark-gray fine to medium sand, trace coarse sand 26 NP NP NP 1.180 13.048
to 22.7 trace fine gravel, ""and" organic silt, trace clay.
SILTY SAND SM
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-15 22.0! 12.5000 2.2672 0.1358 0.0847 0.0104 0.90 51.69 44.82 2.59
to 22.7
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 y
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-PZ-BAP-0904 S-17  25.0' Gray silt, trace clay, trace fine to coarse sand, trace fine 22 NP NP NP 0.952 6.432
to0 25.8' gravel.
SILT ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-17 25.01 12.5000 0.1513 0.0231 0.0171 0.0036 0.26 8.35 86.07 5.32
to 25.8'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0904 S-18 26.5' Gray mottled with dark-gray organic clayey silt 38 38 24 14
to 28.0' inter-bedded with organic silt, Little fine to coarse sand,
trace fine gravel.
ORGANIC CLAY with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-18 26.5! 4.7500 0.2701 0.0222 0.0129 0.00 20.78 58.16 21.06
to 28.0"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-PZ-BAP-0904 S-19 28.0' Gray mottled with dark-gray organic clayey silt, some fine 47 42 30 12
t0 29.3' sand, trace medium to coarse sand, trace fine gravel.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-19 28.0! 12.5000 0.1959 0.0250 0.0147 0.03 21.53 61.51 16.93
t0 29.3'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0904 S-21  36.0' Brown and gray fine sand, trace medium to coarse sand,
to 37.4' some silt.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0904 S-21  36.0 4.7500 0.3963 0.1804 0.1414 0.00 76.04 23.96
to 37.4"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0905 S-3 4.0'to FILL: Brown mottled with gray silty clay, some fine sand, 17 32 18 14
5.5 trace medium to coarse sand, trace fine gravel.
LEAN CLAY with SAND CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® | CD-PZ-BAP-0905 S-3 4.0'to 12.5000 0.2941 0.0329 0.0186 0.10 24.74 52.66 22.50
5.5
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-PZ-BAP-0905 S-6B 9.7° FILL: Brown mottled with gray silty clay inter-bedded with| 33
t0 10.0 dark-gray organic silt, little fine to coarse sand, trace fine
gravel.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
®| CD-PZ-BAP-0905 S-6B 9.7 12.5000 4.6215 4.92 13.60 81.48
to 10.0
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
‘ JOB NO. 011-11497-013 DATE 7/6/09 y
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-PZ-BAP-0905 S-8 13.5' Gray mottled with dark-gray organic clayey silt, little fine 45 43 27 16
to 15.0' sand, trace medium to coarse sand.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0905 S-8 13.5' 4.7500 0.1885 0.0247 0.0133 0.00 19.49 59.70 20.81
to 15.0'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-PZ-BAP-0905 S-9 16.0° Gray mottled with dark-gray organic clayey silt, little fineto 42 40 25 15
to 17.5' medium sand.
ORGANIC CLAY with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0905 S-9 16.0' 2.0000 0.2645 0.0152 0.0090 0.00 15.51 60.22 24.27
to 17.5'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0905 S-11 21.0° Gray mottled with brown silty clay, some fine to medium 38 38 23 15
to21.4' sand, trace coarse sand, trace fine gravel, few seams of fine
to medium sand.
SANDY LEAN CLAY CL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® | CD-PZ-BAP-0905 S-11  21.01 12.5000 2.8652 0.0644 0.0305 241 35.54 47.00 15.05
to 21.4'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-PZ-BAP-0905 S-13  26.0° Brown and gray fine to coarse sand, little fine gravel, trace 0.907 10.293
to 27.0° silt.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-PZ-BAP-0905 S-13  26.01 37.5000 25.6140 0.9461 0.4637 0.0919 18.56 73.20 8.23
to 27.0°
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 716/09 y
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-8 12.0'to FILL: Gray and brown fine to coarse sand, some fine to 1.328 | 509.008
13.0° coarse gravel(sandstone fragments), some silty clay.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Silt \ %Clay
® CD-BAP-0906 S-8 12.0'to| 25.0000 18.7626 1.3051 0.3431 0.0026 29.65 21.53 8.95
13.0°
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-11 16.5'to FILL: Brown fine to coarse sand, little fine to coarse gravel, 14 31 19 12
17.3' "and" silty clay.
CLAYEY SAND with GRAVEL SC
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-11 16.5'to| 37.5000 25.8719 0.6448 0.2152 17.70 44.25 25.56 12.49
17.3"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-BAP-0906 S-15 24.0'to Gray silt, trace clay, trace fine to coarse sand, trace fine 31 NP NP NP 0.934 5.061
25.0' gravel.
SILT ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-15 24.0'to| 12.5000 0.0741 0.0153 0.0116 0.0030 0.15 4.64 88.66 6.55
25.0"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-16 25.5'to Gray silt, some fine sand, trace medium to coarse sand,
26.5' trace fine gravel.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-16 25.5'to] 12.5000 3.7584 0.0907 4.08 40.69 55.23
26.5'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-17 27.0'to Graybrown silt, trace clay, little fine to coarse sand, trace 22 NP NP NP 0.694 10.046
28.2" fine gravel
SILT with SAND ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-17 27.0'to/ 19.0000 49211 0.0373 0.0231 0.0037 5.18 19.58 70.23 5.02
28.2"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-19 31.0'to Dark-gray organic clayey silt, little fine sand, trace medium 34 33 22 11
32.0° to coarse sand inter-bedded with silt and silty clay.
ORGANIC CLAY with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-19 31.0"to| 4.7500 0.3120 0.0241 0.0147 0.00 18.75 63.14 18.11
32.0°
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-20 33.5'to Gray organic clayey silt, trace fine to coarse sand, trace fine, 43 50 30 20
34.4' gravel.
ORGANIC SILT OH
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-20 33.5'to] 12.5000 0.0671 0.0085 0.0038 0.30 2.82 53.11 43.76
34.4'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0906 S-21 36.0'to Gray organic clayey silt, trace fine to coarse sand, trace fine 38 43 26 17
36.7" gravel.
ORGANIC CLAY OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-21 36.0'to] 12.5000 0.1891 0.0120 0.0079 1.41 7.45 64.58 26.55
36.7"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@ CD-BAP-0906 S-24 43.5'to Brown fine to coarse gravel, ""and"’ fine to coarse sand, trace 2.781 35.724
44.2' silt.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0906 S-24 435'to|] 37.5000 28.2858 8.1765 5.7650 0.2289 55.54 37.89 6.57
44.2'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0907 ST-6A Il 8.5 FILL: Hard brown, gray and dark-gray silty clay 28 47 29 18
t0 9.9 inter-mixed with organic silt, trace fine to coarse sand.
SILT ML
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
®| CD-BAP-0907 ST-6A Il 85' 4.7500 0.0742 0.0115 0.0073 0.00 4.83 66.62 28.55
t0 9.9'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
‘ JOB NO. 011-11497-013 DATE 7/6/09
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES coarse fine coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
® CD-BAP-0907 S-7 11.0'to Gray organic clayey silt, little fine to medium sand.
12.0'
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0907 S-7 11.0'to 2.0000 0.1688 0.0238 0.0142 0.00 17.21 65.51 17.28
12.0'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 716/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0907 S-8 13.5'to Gray organic clayey silt, little fine to medium sand, few 43 44 28 16
14.6' seams of fine sand.
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0907 S-8 13.5'to 2.0000 0.1615 0.0207 0.0115 0.00 15.27 63.08 21.65
14.6'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0907 S-9 16.0"to Gray organic clayey silt, little fine sand, trace medium sand. 44 45 29 16
17.0'
ORGANIC SILT with SAND OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0907 S-9 16.0'to 2.0000 0.1601 0.0221 0.0126 0.00 15.12 64.17 20.71
17.0"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0907 S-10 18.5'to Gray organic clayey silt, trace fine to coarse sand, trace fine, 40 48 29 19
19.6' gravel.
ORGANICSILT OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0907 S-10 18.5'to; 12.5000 0.1321 0.05 9.03 90.92
19.6'
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 |GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0907 S-11  21.0'to Gray organic silt, little clay, "'and"" fine sand, trace medium 39 30 24 6
22.0' to coarse sand, trace fine gravel.
SANDY ORGANIC SILT OL
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0907 S-11 21.0"to] 12.5000 0.6714 0.0862 0.0525 0.77 42.92 43.85 12.47
22.0"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE  LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
BOULDERS |COBBLES Coarse fine Coarse medium fine SILT OR CLAY
Specimen Identification - Depth Classification MC% LL PL PI Cc Cu
@® CD-BAP-0907 S-13  26.0'to Brown fine to coarse gravel, ""and"’ fine to coarse sand, trace 0.668 | 74.823
26.6' silt.
Specimen Identification - Depth D100 D95 D60 D50 D10 %Gravel %Sand %Silt \ %Clay
® CD-BAP-0907 S-13 26.0"to] 37.5000 29.3892 9.3620 5.5538 0.1251 52.99 40.23 6.77
26.6"
PROJECT CARDINAL PLANT ASH POND INVESTIGATION
ASTM D422 GRADATION CURVE| LOCATION BRILLIANT, OHIO
JOB NO. 011-11497-013 DATE 7/6/09 )
N
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JOB NUMBER : 011-11497-013
PROJECT :
LOCATION : BRILLIANT, OHIO

CARDINAL PLANT ASH POND INVESTIGATION

BBCH

LABORATORY LOG OF SHELBY TUBES

SHELBY TUBE LOG 111497013.GPJ BBCM.GDT 6/16/09

Boring : CD-PZ-BAP-0901 Sample : 16A | Boring : CD-PZ-BAP-0901 Sample : 19A | Boring : CD-PZ-BAP-0906 Sample : 6A
Depth : 23.5't025.3' Recovery :  21.00" Depth : 31.0"to 32.8" Recovery :  20.50" Depth : 8.5"t0 9.4 Recovery : 0.00™
I 0- 0 0
B B Severly Damaged - Could Not Extrude
| voiD | voib
= OUT disturbed - discarded - OUT disturbed - discarded
— Gray silt, trace clay, trace fine to medium Gray mottled with dark-gray and brown
I 12-|-SAVE | gand. | 12+ ' | clayey silt, some fine sand, trace medium 12 4
= to coarse sand, few seams and lenses of
- silty clay and fine sand. -
I | SAVE 1 = ) -
14 -|_SAVE 11124 - ] 244
= Stiff gray mottled with brown silty clay, -
AV — JAR | trace fine to medium sand, many lenses v — JAR =
lzzzzzzzz Of silt. H=1.8 H=1.2
36 - |— 36 -}— . 36 4—
B | NOTE: AL/MA on representative B
sample.
— 30.00" tube — 30.00" tube —
H - Hand Penetrometer (tsf)  SL - Shrinkage Limit
B - cosoiceion. [ sweling, [ 7Juax  “oOCND , (e g
Incremental Test Ds - Direct Shear POR - Porosity
C R G| - Consolidation, LOI - Loss on Ignition UDW - Unit Dry Weight
CRS - Unconfined _ Triaxial AL - Atterberg Limits MC - Moisture Content
;Pj P | - Permeability, Com_IQre?sion Com_;lgre?sion MA - Sieve/Hydrometer Dr - Relative Density
\ Vertical / Horizontal es es SG - Specific Gravity S  -Sieve
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JOB NUMBER : 011-11497-013
PROJECT :
LOCATION : BRILLIANT, OHIO

CARDINAL PLANT ASH POND INVESTIGATION

BBCH

LABORATORY LOG OF SHELBY TUBES

SHELBY TUBE LOG 111497013.GPJ BBCM.GDT 6/16/09

Boring : CD-PZ-BAP-0906 Sample : 12A | Boring : CD-PZ-BAP-0907 Sample : 6A | Boring : Sample :
Depth : 18.0'to 18.8' Recovery : 0.00™ Depth : 8.5't09.9' Recovery :  15.00" Depth : Recovery :
I 0- 0 0
B Severly Damaged - Could Not Extrude B |
i | vop B
12 - f— 124+—ur disturbed - discarded 124
- n FILL : Hard brown, gray and dark-gray |
| | | SAVE | silty clay inter-mixed with organic silt, |
| | trace fine to coarse sand. |
| L] |
24— lMoal P - H=4.5+ 244
! | Dark-gray organic silt, little fine to
B — medium sand, few lenses of fine sand. B
B I F JAR |
H=2.2 B
36-|— 36 }— . 36 4—
B | NOTE: AL/MA on Section II B
— — 30.00" tube —
H - Hand Penetrometer (tsf) SL - Shrinkage Limit
B - cosoiceion. [ sweling, [ ZJuax  -oCCND , (e g
Incremental Test Ds - Direct Shear POR - Porosity
C R G| - Consolidation, LOI - Loss on Ignition UDW - Unit Dry Weight
CRS - Unconfined _ Triaxial AL - Atterberg Limits MC - Moisture Content
;Pj P | - Permeability, Compression Compression ~ MA - Sieve/Hydrometer Dr - Relative Density
\ Vertical / Horizontal Test Test SG - Specific Gravity S  -Sieve




12

Total Effective P
C, ksf 0.18 0.11 ‘,/'
o, deg 23.9 36.9 B
Tan(¢) 0.44 0.75 P /
) ,//
g P /
?5 ”I’
& =TT ol
2 ol ™ \
5) 4 A / N - N
,,/"‘,’ - > \1/ \\
’,a':”“ K A \ \\\
’,// A \ \
AL NN 1 |
0 4 8 12 16 20 24
Total Normal Stress, ksf Graphic Scales Approximate
Effective Normal Stress, ksf —-——-—-
15 Sample No. 1 2 3
Water Content, % 35.1 438 31.9
12.5 __ | Dry Density, pcf 83.0 76.2 85.0
8 | Saturation, % 92.2 97.7 87.6
< | Void Ratio 1.0297 1.2123 0.9833
@ 10 3 Diameter, in. 2.90 2.85 2.90
@ Height, in. 5.59 5.59 5.59
g Water Content, % 333 389 31.0
' 7.5 + | Dry Density, pcf 86.9 82.6 90.3
% Q@ Saturation, % 95.6 101.0 96.5
S % | Void Ratio 0.9402 1.0401 0.8674
3 5 = 2 Diameter, in. 2.86 2.78 2.85
Height, in. 5.49 5.42 5.43
. — 1 | Strain rate, in./min. 0.00 0.00 0.00
25 Back Pressure, psi 40.00  40.00  40.00
Cell Pressure, psi 53.00 66.00 92.00
0 Fail. Stress, ksf 3.4 5.1 10.9
0 10 20 30 40 | Total Pore Pr., ksf 6.5 8.1 9.8
Axial Strain, % Ult. Stress, ksf 34 4.9 9.8
Total Pore Pr., ksf 6.5 8.0 9.9
5 P s
CU with Pore Pressures o . ; - i
Sample Type: Shelby Tube Client:
Description: Gray mottled with dark-gray and
brown clayey silt, some fine sand, trace medium to || Project: Cardinal Plant Ash Pond Investigation
LL= 35 PL= 28 Pl=7 Brilliant, Ohio
Assumed Specific Gravity= 2.7 Location: CD-PZ-BAP-0901
Remarks: Sample Number: ST-19A Depth: 31.0' to 32.8'
Proj. No.: 011.11497.013 Date Sampled: 5/1/09
TRIAXIAL SHEAR TEST REPORT
i BBC&M Engineering, Inc.

Tested By: PJM

Checked By: JJ
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Stress Paths: Total ——— Effective -——--—-
Client:
Project: Cardinal Plant Ash Pond Investigation
Location: CD-PZ-BAP-0901 Depth: 31.0' to 32.8' Sample Number: ST-19A
Project No.: 011.11497.013 2 BBC&M Engineering, Inc.

Tested By: PJM

Checked By: JJ
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PERMEABILITY TEST DATA AND COMPUTATION SHEET

((ASTM D-5084) FALLING HEAD, METHOD C)

BBCN

SOLUTIONS TO BUILD ON

Job Number:  011.11497.013 Date: 5/6-7/2009 Maximum Dry Density:
Project Name:  Cardinal Ash Pond Investigation Boring: CD-PZ-BAP-0907 Optimum Moisture Content:
Project Location:  Brilliant, Ohio Sample: ST-6A Sec. I % Compaction.:
TestedBy: PJM Depth: 8.5't0 9.9' Optimum +/-:
Remarks: Natural: X
Material: FILL : Hard brown, gray and dark-gray silty clay inter-mixed with organic silt, trace Remolded:
fine to coarse sand.
Sample: Test Conditions: Moisture Content: Before Test After Test
Initial Length: 5.5945in = 14.210cm Chamber Pressure: 62 psi Pan No. = D D
Final Ave. Length (L): 5.6042in = 14.235cm Back Pressure: 58 psi Wet Wt. + Pan = 114417 1157.03
Diameter: 2.8765in = 7.31 cm Confining Pressure: 4 psi Dry Wt. + Pan = 896.92 896.92
Area (A): 6.499 sqin = 41.93 sqgcm Temp. @ Start: 225°C Wt. of Pan = 0.00 0.00
Volume (V): 36.356 cuin = 595.77 cu cm Temp. @ End: 225°C Wt. of Dry Soil = 896.92 896.92
Wet Wt.: _1144.17 grams Average Temp.: 225°C Wt. of Water = 247.25 260.11
Unit Wet Wt.: 119.90 pcf B Parameter: 0.96 % Moisture = 27.57 29.00
Unit Dry Wt.: 93.99 pcf
Pipette Pressures During Test: % SATURATIOIl 93.80 98.30
Top Pipette: 60 psi = 4220.3 cm S.G.(est) = 2.7000
Pipette: Bottom Pipette: 58 psi = 4079.6 cm
Area (a): 0.3435sgin = 0.8725sqcm
Calculations:
o a-L IH(E) where: k = HAydrauIic ConductiAvity At = Time Interval (t, - t;) |
2.A-At h2 a = Pipette Cross-Sectional Area h; = Head Loss Across Permeameter/Specimen at t;
L = Length of Sample h, = Head Loss Across Permeameter/Specimen at t,
A = Sample Cross-Sectional Area In = Natural Logarithm (Base e = 2.71828)
Hydraulic Head Hydraulic Head Temp. Corr.
Time Interval Top Headwater Bottom Tailwater Head Loss Permeability
Time At Pipette H, Pipette Hy h =Hi-H, k
Date Readings Seconds cc cm cc cm cm n (hy/hy) cm/sec
5/6/2009 9:45 AM 0.00 48.45 4092.08 14.20 4272.01 -179.93 - -
5/6/2009 10:51 AM 3,960 48.40 4092.14 14.45 4271.73 -179.59 0.00191 6.740E-08
5/6/2009 12:15 PM 5,040 48.20 4092.36 14.65 4271.50 -179.13 0.00256 7.077E-08
5/6/2009 1:45 PM 5,400 48.05 4092.54 15.00 4271.09 -178.56 0.00320 8.280E-08
5/6/2009 3:17 PM 5,520 47.85 4092.77 15.25 4270.81 -178.04 0.00289 7.312E-08
5/7/2009 8:21 AM 61,440 45.60 4095.34 18.00 4267.66 -172.31 0.03272 7.431E-08

Time Weighted Average, k [cm/sec] = 7.423E-08

2007 falling Head Perm.xIs, 011.11497.013 B-0907
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Appendix III — Shear Strength Parameter Justification
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Layer: NEWER EMBANKMENT FILL

BORING SAMPLE SAMPLE  NATURAL  LIQUID PLASTIC PLASTIC GRAVEL SAND SILT CLAY  SILT/CLAY Uscs
NUMBER  NUMBER DEPTH MOISTURE LIMIT LIMIT INDEX .002 mm CLASSIFICATION
CONTENT % % % % % % % %
BAP-0901 S-3 4.75 16
BAP-0901 S-5 7.75 16 28 18 10
BAP-0901 S-9 13.75 13 27 17 10
BAP-0901 S-12 18.25 14 37 24 13 7 32 49 12 61 SANDY LEAN CLAY CL
BAP-0902 S-4 6.25 13 27 17 10 42 34 16 8 24 CLAYEY GRAVEL with SAND GC
BAP-0902 S-7 10.75 20
BAP-0902 S-8 12.25 10 26 17 9 32 39 21 8 29 CLAYEY SAND with GRAVEL SC
BAP-0902 S-11 16.75 24 37 19 18
BAP-0902 S-12 18.25 21 35 17 18 8 37 33 21 54 SANDY LEAN CLAY CL
BAP-0902 S-13 19.75 31 29 17 12 1 20 62 17 79 LEAN CLAY with SAND CL
BAP-0904 S-3 4.75 13
BAP-0904 S-6 9.25 14 25 16 9 31 39 21 10 31 CLAYEY SAND with GRAVEL SC
BAP-0904 S-9 13.75 16 35 21 14
BAP-0904 S-11 16.75 47 25 27
BAP-0906 S-2A 2.9 11
BAP-0906 S-3 4.75 15 27 17 10
BAP-0906 S-8 12.75 30 40 22 9 31
BAP-0906 S-11 17.25 14 31 19 12 18 44 26 12 38 CLAYEY SAND with GRAVEL SC
Sample Size 18 16 12 12 12 9 9 8 8 9
Minimum 3 10 25 16 9 1 20 16 8 24
Maximum 20 31 37 24 18 47 44 62 21 79
Mean 11.7 16.3 30.3 18.3 12.1 24.0 34.4 31.3 121 41.6
Median 13 15 29 17 11 30 37 24 11 31
Mode 5 16 27 17 10 #N/A 39 21 12 31
Std Dev - 5.4 4.5 2.3 3.2 16.2 7.7 16.1 4.6 18.9

Cardinal Plant Ash Pond Investigation

Brilliant, Ohio
BBCM Engineering

INDEX TESTING SUMMARY
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Layer: ORIGINAL EMBANKMENT FILL

BORING SAMPLE SAMPLE  NATURAL  LIQUID PLASTIC PLASTIC GRAVEL SAND SILT CLAY  SILT/CLAY Uscs
NUMBER  NUMBER DEPTH MOISTURE LIMIT LIMIT INDEX .002 mm CLASSIFICATION
CONTENT % % % % Y% % % %
BAP-0903 S-2 3.25 24 48 24 24 0 8 60 32 92 LEAN CLAY CL
BAP-0903 S-3 4.75 22
BAP-0903 S-5 7.75 20 36 20 16 0 14 58 28 86 LEAN CLAY CL
BAP-0905 S-3 4.75 17 32 18 14 0 25 53 23 76 LEAN CLAY with SAND CL
BAP-0905 S-5 7.75 22 48 24 24
BAP-0905 S-6B 9.85 33 5 14 81
BAP-0907 S-2 3.25 21
BAP-0907 S-4 6.25 15
BAP-0907 S-5 7.75 23 49 26 23
BAP-0907 S-6A 9.25 28 47 29 18 0 5 67 29 96 SILT ML
Sample Size 10 10 6 6 6 5 5 4 4 5
Minimum 3 15 32 18 14 0 5 53 23 76
Maximum 10 33 49 29 24 5 25 67 32 96
Mean 6.5 22.5 43.3 23.5 19.8 1.0 13.2 59.5 28.0 86.2
Median 7 22 48 24 21 0 14 59 29 86
Mode 8 22 48 24 24 0 14 #N/A #N/A #N/A
Std Dev - 5.1 7.4 4.0 4.4 2.2 7.7 5.8 3.7 8.1
Cardinal Plant Ash Pond Investigation
Brilliant, Ohio
BBCM Engineering INDEX TESTING SUMMARY
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Layer: ALLUVIUM SILT AND CLAY

BORING SAMPLE SAMPLE  NATURAL  LIQUID PLASTIC PLASTIC GRAVEL SAND SILT CLAY  SILT/CLAY USsSCs
NUMBER  NUMBER DEPTH MOISTURE LIMIT LIMIT INDEX .002 mm CLASSIFICATION
CONTENT % % % % % % % %
BAP-0901 S-15 22.75 30 NP NP NP 0 5 89 6 95 SILT ML
BAP-0901 S-16A 24.5
BAP-0901 S-18 29.25 27 37 22 15 0 9 63 28 91 LEAN CLAY CL
BAP-0901 S-19A 31.25
BAP-0901 S-19B 31.75 33 35 28 7 0 26 56 18 74 SILT with SAND ML
BAP-0901 32.25
BAP-0902 S-14 21.25 26 NP NP NP 0 13 83 4 87 SILT ML
BAP-0902 S-15 22.75 1 22 78
BAP-0903 S-10 21.75 35 34 21 13 0 29 51 19 70 LEAN CLAY with SAND CL
BAP-0904 S-15 22.75 26 NP NP NP 1 52 45 3 48 SILTY SAND SM
BAP-0904 S-17 25.75 22 NP NP NP 0 8 86 5 91 SILT ML
BAP-0905 S-11 21.75 38 38 23 15 2 36 47 15 62 SANDY LEAN CLAY CL
BAP-0906 S-15 24.75 31 NP NP NP 0 5 89 7 96 SILT ML
BAP-0906 S-16A 26.25 4 41 55
BAP-0906 S-17 27.25 22 NP NP NP 5 20 70 5 75 SILT with SAND ML
Sample Size 15 10 4 4 4 12 12 10 10 12
Minimum 21 22 34 21 7 0 5 45 3 48
Maximum 32.25 38 38 28 15 5 52 89 28 96
Mean 25.73 29.0 36.0 23.5 12.5 1.1 22.2 67.9 11.0 76.8
Median 24.75 29 36 23 14 0 21 67 7 77
Mode 22.75 26 #N/A #N/A 15 0 5 89 5 91
Std Dev - 5.4 1.8 3.1 3.8 1.7 15.2 17.8 8.5 15.9
NP - Non Plastic
Cardinal Plant Ash Pond Investigation
Brilliant, Ohio
BBCM Engineering INDEX TESTING SUMMARY
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Layer: ORGANIC CLAYEY SILT

BORING SAMPLE SAMPLE  NATURAL  LIQUID PLASTIC PLASTIC GRAVEL SAND SILT CLAY  SILT/CLAY Uscs
NUMBER  NUMBER DEPTH MOISTURE LIMIT LIMIT INDEX .002 mm CLASSIFICATION
CONTENT % % % % % % % %
BAP-0901 S-20 34.25 42 34 27 7 0 22 62 16 78 ORGANIC SILT with SAND OL
BAP-0901 S-21 36.75 40 45 29 16 11 30 59 SANDY ORGANIC SILT OL
BAP-0901 S-22 39.25 42 40 23 17 0 18 59 22 81 ORGANIC CLAY with SAND OL
BAP-0902 S-18 27.25 54 NP NP NP 0 15 69 16 85 ORGANIC SILT OL
BAP-0902 S-19 28.75 43 NP NP NP 0 25 61 13 74 ORGANIC SILT with SAND OL
BAP-0902 S-20 32.25 38 36 28 8 2 23 59 16 75 ORGANIC SILT with SAND OL
BAP-0903 S-6 9.25 49 41 38 3 0 33 52 15 67 SANDY ORGANIC SILT OL
BAP-0903 S-7 14.25 43 NP NP NP 0 29 56 15 71 ORGANIC SILT with SAND OL
BAP-0903 S-8 16.75 43 37 24 13 0 24 57 19 76 ORGANIC CLAY with SAND OL
BAP-0903 S-9 19.25 44 35 24 11 0 39 45 16 61 SANDY ORGANIC CLAY OL
BAP-0904 S-13 19.75 28 NP NP NP 0 8 87 5 92 ORGANIC SILT OL
BAP-0904 S-18 27.25 38 38 24 14 0 21 58 21 79 ORGANIC CLAY with SAND OL
BAP-0904 S-19 28.75 47 42 30 12 0 22 62 17 79 ORGANIC SILT with SAND OL
BAP-0905 S-8 14.25 45 43 27 16 0 19 60 21 81 ORGANIC SILT with SAND OL
BAP-0905 S-9 16.75 42 40 25 15 0 16 60 24 84 ORGANIC CLAY with SAND OL
BAP-0906 S-19 31.75 34 33 22 11 0 19 63 18 81 ORGANIC CLAY with SAND OL
BAP-0906 S-20 34.25 43 50 30 20 0 3 53 44 97 ORGANIC SILT OH
BAP-0906 S-21 36.75 38 43 26 17 1 7 65 27 92 ORGANIC CLAY OL
BAP-0907 S-7 11.75 0 17 66 17 83
BAP-0907 S-8 14.25 43 44 28 16 0 15 63 22 85 ORGANIC SILT with SAND OL
BAP-0907 S-9 16.75 44 45 29 16 0 15 64 21 85 ORGANIC SILT with SAND OL
BAP-0907 S-10 19.25 40 48 29 19 0 9 91 ORGANIC SILT OL
BAP-0907 S-11 21.75 39 30 24 6 1 43 44 12 56 SANDY ORGANIC SILT OL
Sample Size 23 22 18 18 18 23 23 21 21 23
Minimum 9 28 30 22 3 0 3 44 5 56
Maximum 39.25 54 50 38 20 11 43 87 44 97
Mean 23.97 41.8 40.2 271 13.2 0.7 20.5 60.2 18.9 78.8
Median 21.75 43 41 27 15 0 19 60 17 81
Mode 14.25 43 45 24 16 0 15 62 16 81
Std Dev - 5.2 5.4 3.7 4.7 2.3 9.8 8.8 7.4 10.6
Cardinal Plant Ash Pond Investigation
Brilliant, Ohio
BBCM Engineering INDEX TESTING SUMMARY
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Layer: GLACIAL OUTWASH SAND AND GRAVEIL

BORING SAMPLE SAMPLE  NATURAL GRAVEL SAND SILT CLAY SILT/CLAY
NUMBER  NUMBER DEPTH MOISTURE .002 mm
CONTENT % % % % %
BAP-0902 S-22 37.25 22 0 70 22 8 30
BAP-0902 S-23 39.75 24 0 83 13 4 17
BAP-0902 S-24 42.25 4 82 14
BAP-0903 S-11 24.25 9 77 14
BAP-0904 S-21 36.75 0 76 24
BAP-0905 S-13 26.75 19 73 8
BAP-0906 S-24 44.25 56 38 7
BAP-0907 S-13 26.75 53 40 7
Sample Size 8 2 8 8 2 2 8
Minimum 24 22 0 38 13 4 7
Maximum 44.25 24 56 83 22 8 30
Mean 34.75 23.0 17.6 67.4 17.5 6.0 15.1
Median 37.00 23 7 75 18 6 14
Mode 26.75 #N/A 0 #N/A #N/A #N/A 14
Std Dev - 1.4 23.7 18.0 6.4 2.8 8.4
Cardinal Plant Ash Pond Investigation
Brilliant, Ohio
BBCM Engineering INDEX TESTING SUMMARY
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PoNCaM § QRGHT Cz.ocs\) POSTEARTHQUAKE STABILITY ANALYSES 169
Table 10.3 Summary of Soil Properties Used in Comparison of R and T4 VS. 0, Strength Envelopes
Soil . c' ¢ Cr br a 1
no. Description and reference Index properties (psf) (deg) (psf) (deg) (psf) (deg)
1 Sandy clay (CL) material Percent minus No. 200: 60-70 0 45 60 23 64 244
from Pilarcitos Dam; Liquid limit: 45
envelope for low (0-10 Plasticity index: 23 ORC INIAL EMBRANKMEMT L
psi) confining pressures. nse C=50psf 7 @« 2z°
(Wong et al., 1983) Le=48 , pr=24
2 Brown sandy clay from dam  Percent minus No. 200: 25 200 31 700 15 782 16.7
site in Rio Blanco, Liquid limit: 34
Colorado (Wong et al., Plasticity index: 12
1983)
3 Same as soil 1 except ~ Percent minus No. 200: 60—70 0 34 300 155 327 168
envelope fit to 0-100 psi ~ Liquid limit: 45
range in confining Plasticity index: 23
pressure (Wong et al., '
1983)
4 . Hirfanli Dam fill material Percent minus No. 200: 82 0 35 1400 225 1716 269
(Lowe and Karafiath, Liquid limit: 32.4 :
1960) Plastic limit: 19.4
“Intercept of 7, vs. o}, envelope—can be calculated knowing ¢’, ¢', Cr, and ¢p.
®Slope of 7;; vs. o}, envelope—can be calculated knowing ¢’, ¢’, cg, and ¢p.
w Case Il - Submereged slope 4
= 35 e
o 3 =
g 25 ¢
5 2 :
30 ft y=135 pof (% 1.5 “
TR
Casel-u=0 05 i
0
0 1 2 3 4

Figure 10.6 Slope used to compare simple, single-stage and
rigorous, two-stage pseudostatic analyses.

Table 10.4 Summary of Pseudostatic Safety Factors
Computed Using Simple Single-Stage and Rigorous
Two-Stage Procedures

Case I Case II:
dry slope submerged slope
Single-stage Two-stage Single-stage Two-stage
Soil  analysis analysis analysis analysis
1 0.95 1.06 0.83 0.95
2 1.56 1.77 1.59 1.79
3 1.07 1.19 1.10 1.21
4 2.76 342 2.83 349

F -Two-Stages

Figure 10.7 Comparison of factors of safety by simplified
single-stage pseudostatic and more rigorous two-stage pseu-
dostatic analyses.

used for cases where significant (more than 15 to 20%)
strength losses are not anticipated.

POSTEARTHQUAKE STABILITY ANALYSES

Following an earthquake, the stability of a slope may
be diminished ‘because cyclic loading has reduced the
shear strength of the soil. The reductions in shear
strength are generally treated differently depending on
whether or not liquefaction occurs. Stability follow-
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BBC?“ DRAINED SHEAR STRENGTH PARAMETER CORRELATION

SOLUTIONS TO BUILD ON

Project No: 011-11497-014 Date:  5/29/09
Project: Gavin Plant Bottom Ash Pond Investigation

Reference:
Drained Shear Strength Parameters for Analysis of Landslides. Timothy D. Stark; Hangseok Choi;
and Sean McCone. Journal of Geotechnical Engineering, May 2005. pp 575 - 588

Purpose:

Estimate effective stress, or drained, shear strength parameters of cohesive soils through emperical
correlations using laboratory index testing and the effective normal stress. Secant residual and
secant fully softened friction angles can be estimated from charts developed by Stark et al.

Laboratory Data

Soil Layer: Newer Embankment Fill

Statistical Results from _4 Borings % Passing Clay Sized
#200 Sieve Fraction
Pl LL MC (.075mm) (.002 mm)
Number in Statistical Sample 12 12 16 9 8
Minimum 9 25 10 24 8
Maximum 18 37 31 79 21
Mean 121 30.3 16.3 41.6 121
Median 11 285 145 31 11
Mode 10 27 16 31 12
Std Dev 3.2 4.5 5.4 18.9 4.6
Design Value 10 27 - - 12

Adjustment Factor for ASTM Derived Values

ball-milled derived LL , LLastm= 27
- =.003 (ASTM derived LL) + 1.23

ASTM derived LL Llem= 35.4
ball-milled derived CF _ . .

ASTM derived CF = 0.0003 (ASTM derived CF)2 - 0.037(ASTM derived CF) + 2.254

CFastm = 12
where: LL = Liquid Limit CFgu= 22.2
CF = Clay-sized Fraction
PLATE 17
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SOLUTIONS TO BuiLD ON

DRAINED SHEAR STRENGTH PARAMETER CORRELATION

Soil Layer: Newer Embankment Fill
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Fig. 5. Secant fully softened fiiction angle relationships with liquid limit, clay-size fraction, and effective normal stress

Secant Fully Softened Friction Angle
Effective Normal Stress
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? < 0 0
8 s CF=20 32.5 31.5
D 7
83 25<CF<45 | 325° 30°
Design Friction Angle Value 31°
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BBC?“ DRAINED SHEAR STRENGTH PARAMETER CORRELATION

SOLUTIONS TO BUILD ON

Project No: 011-11497-014 Date:  5/29/09
Project: Gavin Plant Bottom Ash Pond Investigation

Reference:
Drained Shear Strength Parameters for Analysis of Landslides. Timothy D. Stark; Hangseok Choi;
and Sean McCone. Journal of Geotechnical Engineering, May 2005. pp 575 - 588

Purpose:

Estimate effective stress, or drained, shear strength parameters of cohesive soils through emperical
correlations using laboratory index testing and the effective normal stress. Secant residual and
secant fully softened friction angles can be estimated from charts developed by Stark et al.

Laboratory Data

Soil Layer: Original Embankment Fill

Statistical Results from _3 Borings % Passing Clay Sized
#200 Sieve Fraction

Pl LL MC (.075mm) (.002 mm)

Number in Statistical Sample 6 6 10 5 4
Minimum 14 32 15 76 23
Maximum 24 49 33 96 32
Mean 19.8 43.3 225 86.2 28.0
Median 20.5 47.5 22 86 28.5
Mode 24 48 22 #N/A #N/A
Std Dev 4.4 7.4 5.1 8.1 3.7
Design Value 24 48 - - 28

Adjustment Factor for ASTM Derived Values

ball-milled derived LL , LLastm= 48
- =.003 (ASTM derived LL) + 1.23

ASTM derived LL Llem= 66.0
ball-milled derived CF _ . .

ASTM derived CF = 0.0003 (ASTM derived CF)2 - 0.037(ASTM derived CF) + 2.254

CFastm = 28
where: LL = Liquid Limit CFgu= 40.7
CF = Clay-sized Fraction
PLATE 19
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SOLUTIONS TO BuiLD ON

BBC

DRAINED SHEAR STRENGTH PARAMETER CORRELATION

Soil Layer: Original Embankment Fill
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Fig. 5. Secant fully softened fiiction angle relationships with liquid limit, clay-size fraction, and effective normal stress

Effective Normal Stress, kPa

Secant Fully Softened Friction Angle
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BBC?“ DRAINED SHEAR STRENGTH PARAMETER CORRELATION

SOLUTIONS TO BUILD ON

Project No: 011-11497-014 Date:  5/29/09
Project: Gavin Plant Bottom Ash Pond Investigation

Reference:
Drained Shear Strength Parameters for Analysis of Landslides. Timothy D. Stark; Hangseok Choi;
and Sean McCone. Journal of Geotechnical Engineering, May 2005. pp 575 - 588

Purpose:

Estimate effective stress, or drained, shear strength parameters of cohesive soils through emperical
correlations using laboratory index testing and the effective normal stress. Secant residual and
secant fully softened friction angles can be estimated from charts developed by Stark et al.

Laboratory Data

Soil Layer: Organic Clayey Silt

Statistical Results from _7 Borings % Passing Clay Sized
#200 Sieve Fraction
Pl LL MC (.075mm) (.002 mm)
Number in Statistical Sample 17 17 20 21 19
Minimum 3 30 34 56 12
Maximum 20 50 54 97 44
Mean 13.5 40.6 425 78.2 19.8
Median 15 41 43 81 18
Mode 16 45 43 81 16
Std Dev 4.6 5.3 4.4 10.7 7.0
Design Value 16 45 - - 20.0

Adjustment Factor for ASTM Derived Values

ball-milled derived LL , LLastm= 45
- =.003 (ASTM derived LL) + 1.23
ASTM derived LL Llem= 61.4
ball-milled derived CF

STV dorod CF = 0.0003 (ASTM derived CF)2 - 0.037(ASTM derived CF) + 2.254

CFastm = 20.0
where: LL = Liquid Limit CFgu= 32.7
CF = Clay-sized Fraction

PLATE 21
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SOLUTIONS TO BuiLD ON

DRAINED SHEAR STRENGTH PARAMETER CORRELATION

Soil Layer: Organic Clayey Silt

Llgw= 61.4
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Fig. 5. Secant fully softened fiiction angle relationships with liquid limit, clay-size fraction, and effective normal stress

Secant Fully Softened Friction Angle
Effective Normal Stress
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BBC?“ DRAINED SHEAR STRENGTH PARAMETER CORRELATION

SOLUTIONS TO BUILD ON

Project No: 011-11497-014 Date:  5/29/09
Project: Gavin Plant Bottom Ash Pond Investigation

Reference:
Drained Shear Strength Parameters for Analysis of Landslides. Timothy D. Stark; Hangseok Choi;
and Sean McCone. Journal of Geotechnical Engineering, May 2005. pp 575 - 588

Purpose:

Estimate effective stress, or drained, shear strength parameters of cohesive soils through emperical
correlations using laboratory index testing and the effective normal stress. Secant residual and
secant fully softened friction angles can be estimated from charts developed by Stark et al.

Laboratory Data

Soil Layer: Alluvium Silt and Clay

Statistical Results from _6 Borings % Passing Clay Sized
#200 Sieve Fraction
PI* LL*  MC (.075mm) (.002 mm)
Number in Statistical Sample 4 4 10 12 10
Minimum 7 34 22 48 3
Maximum 1 38 38 96 28
Mean 12.5 36.0 29.0 76.8 11.0
Median 14 36 28.5 76.5 6.5
Mode 15 #N/A 26 91 5
Std Dev 3.8 1.8 5.4 15.9 8.5

*Does not include results from 'Non-Plastic' samples.

Design Value 15 36 - - 10.0

Adjustment Factor for ASTM Derived Values

ball-milled derived LL , LLastm= 36
- =.003 (ASTM derived LL) + 1.23
ASTM derived LL Llgm = 48.2
ball-milled derived CF _ . .
ASTM derived CF = 0.0003 (ASTM derived CF)2 - 0.037(ASTM derived CF) + 2.254

CFastm = 10.0
where: LL = Liquid Limit CFgu= 19.1
CF = Clay-sized Fraction
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SOLUTIONS TO BuiLD ON

DRAINED SHEAR STRENGTH PARAMETER CORRELATION

Soil Layer: Alluvium Silt and Clay
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Fig. 5. Secant fully softened fiiction angle relationships with liquid limit, clay-size fraction, and effective normal stress
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Figure 74. Relationship between ¢’ and PI (Terzaghi, Peck, and Mesri, 1996).

Report No. FHWA-IF-02-034
Geotechnical Engineering Circular No. 5

Evaluation of Soil and Rock Properties
April, 2002
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I s bPok
TABLE 3.28 ow? — o]
COMMON PROPERTIES OF COHESIONLESS SOILS wZ-
v ¥ 11
dry,t dr Void ratio AT Strengthi
Material Compactness Dy, % N* g/cm? (PCG) ¢ lpe \') ¢
GW:well-graded Dense 75 90 2.21 138 0.22 /47 40
gravels, gravel- Medium dense 50 55 2.08 14,8 0.28 /43 5 36
sand mixtures Loose 25 <28 1.97 122 0.36 132,85 32
GP: poorly graded Dense 75 70 204 274 0.33 /43 38
gravels, gravel- Medium dense 50 50 {192y 20 0.39 /305 35
sand mixtures Loose 25 <20 1.83 /1144 0.47 /34 32
SW: well-graded sands, Dense 75 65 1.89 13 0.43 +3¢6 8 37
gravelly sands Medium dense 50 35 (179 1007 0.49 132.2 34
Loose 25 <15 1170 T 45,0 0.57 /28. 8 30
SP: poorly graded Dense 75 50 1.76 /09.9 0.52 /31 3 36
sands, gravelly Medium dense 50 30 1.67 04.2 0.60 27,4 33
sands Loose 25 <10 159 94,3 0.65 /124 29
St ey
SM: silly sands Dense 75 45 1.65 s03 0.62 727 35
Medium dense 50 25 1.55 77 0.74 /3.5 32
Loose 25 <8 1.49 ?3 0.80 /207 29
ML: inorganic sills, very Dense 75 35 149 93 0.80 /207 33
fine sands Medium dense 50 20 141 88 0.90 (1126 31
Loose 25 <4 135 813 1.0 /15,5 27

SIYNAINOYd ANV SCOHIIW NOILVOILSIANI

*N is blows per foot of penetration in the SPT. Adjustments for gradation are aflter Burmister (1962)." See Table 3.23 for general rela ionships of Dy vs. N.
{Density given is for G, = 2.65 [quarlz grains).

Friction angle ¢ depends on mineral type, normal stress, and grain angularity as well as Dy and gradation (see Fig. 3.63).
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Newer Embankment Fill: Permeability
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Figure 91. Range of hydraulic conductivity based on grain size (after GeoSyntec, 1991).

Considering the site geology, the laboratory and field data should be tabulated with other known data
for the sample/test location and with depth, soil/rock type, grain size distribution, Atterberg limits,
and water content. This table should also include important test information such as: stress
conditions, gradients, and test method. Once this table is constructed it will be much easier to group
like soil types and k values, to delineate distinct areas within the site, and to eliminate potentially
erroneous data. Once these values have been grouped together and potentially erroneous values
eliminated, it may be useful to compute an average value for each grouping. When averaging, the
log of the hydraulic conductivity value must be taken before performing an arithmetic mean or
incorrect results will be produced. First, the logarithm of each value should be taken. Second, an
average value should be calculated from these logarithmic values. Finally, the antilog of this
average value should be taken to calculate the average hydraulic conductivity value. Table 35
illustrates how to calculate the mean of the log of k data and compares this value with an incorrect
direct arithmetic mean.
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Considering the site geology, the laboratory and field data should be tabulated with other known data
for the sample/test location and with depth, soil/rock type, grain size distribution, Atterberg limits,
and water content. This table should also include important test information such as: stress
conditions, gradients, and test method. Once this table is constructed it will be much easier to group
like soil types and k values, to delineate distinct areas within the site, and to eliminate potentially
erroneous data. Once these values have been grouped together and potentially erroneous values
eliminated, it may be useful to compute an average value for each grouping. When averaging, the
log of the hydraulic conductivity value must be taken before performing an arithmetic mean or
incorrect results will be produced. First, the logarithm of each value should be taken. Second, an
average value should be calculated from these logarithmic values. Finally, the antilog of this
average value should be taken to calculate the average hydraulic conductivity value. Table 35
illustrates how to calculate the mean of the log of k data and compares this value with an incorrect
direct arithmetic mean.
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Method: Geosyntec
Source: FHWA GEC No 5: pg 184

Equation: Graphic

HYDRAULIC CONDUCTIVITY, ks (cmis)
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re 91. Range of hydraulic conductivity based on grain size after GeoSyntec, 1991 .
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PERMEABILITY TEST DATA AND COMPUTATION SHEET
((ASTM D-5084) FALLING HEAD, METHOD C)

BBCN

SOLUTIONS TO BUILD ON

Job Number:  011.11497.013 Date: 5/6-7/2009 Maximum Dry Density:
Project Name:  Cardinal Ash Pond Investigation Boring: CD-PZ-BAP-0907 Optimum Moisture Content:
Project Location:  Brilliant, Ohio Sample: ST-6A Sec. I % Compaction.:
TestedBy: PJM Depth: 8.5't0 9.9' Optimum +/-:
Remarks: Natural: X
Material: FILL : Hard brown, gray and dark-gray silty clay inter-mixed with organic silt, trace Remolded:
fine to coarse sand.
Sample: Test Conditions: Moisture Content: Before Test After Test
Initial Length: 5.5945in = 14.210cm Chamber Pressure: 62 psi Pan No. = D D
Final Ave. Length (L): 5.6042in = 14.235cm Back Pressure: 58 psi Wet Wt. + Pan = 114417 1157.03
Diameter: 2.8765in = 7.31 cm Confining Pressure: 4 psi Dry Wt. + Pan = 896.92 896.92
Area (A): 6.499 sqin = 41.93 sqgcm Temp. @ Start: 225°C Wt. of Pan = 0.00 0.00
Volume (V): 36.356 cuin = 595.77 cu cm Temp. @ End: 225°C Wt. of Dry Soil = 896.92 896.92
Wet Wt.: _1144.17 grams Average Temp.: 225°C Wt. of Water = 247.25 260.11
Unit Wet Wt.: 119.90 pcf B Parameter: 0.96 % Moisture = 27.57 29.00
Unit Dry Wt.: 93.99 pcf
Pipette Pressures During Test: % SATURATIOIl 93.80 98.30
Top Pipette: 60 psi = 4220.3 cm S.G.(est) = 2.7000
Pipette: Bottom Pipette: 58 psi = 4079.6 cm
Area (a): 0.3435sgin = 0.8725sqcm
Calculations:
o a-L IH(E) where: k = HAydrauIic ConductiAvity At = Time Interval (t, - t;) |
2.A-At h2 a = Pipette Cross-Sectional Area h; = Head Loss Across Permeameter/Specimen at t;
L = Length of Sample h, = Head Loss Across Permeameter/Specimen at t,
A = Sample Cross-Sectional Area In = Natural Logarithm (Base e = 2.71828)
Hydraulic Head Hydraulic Head Temp. Corr.
Time Interval Top Headwater Bottom Tailwater Head Loss Permeability
Time At Pipette H, Pipette Hy h =Hi-H, k
Date Readings Seconds cc cm cc cm cm n (hy/hy) cm/sec
5/6/2009 9:45 AM 0.00 48.45 4092.08 14.20 4272.01 -179.93 - -
5/6/2009 10:51 AM 3,960 48.40 4092.14 14.45 4271.73 -179.59 0.00191 6.740E-08
5/6/2009 12:15 PM 5,040 48.20 4092.36 14.65 4271.50 -179.13 0.00256 7.077E-08
5/6/2009 1:45 PM 5,400 48.05 4092.54 15.00 4271.09 -178.56 0.00320 8.280E-08
5/6/2009 3:17 PM 5,520 47.85 4092.77 15.25 4270.81 -178.04 0.00289 7.312E-08
5/7/2009 8:21 AM 61,440 45.60 4095.34 18.00 4267.66 -172.31 0.03272 7.431E-08

Time Weighted Average, k[cm/sec] = 7.423E-08

2007 falling Head Perm.xls, 011.11497.013 B-0907
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¢, deg 23.9 36.9
Tan(¢) 0.44 0.75 P 7
% 8 7 4 /
X P
- //
m ,/ /
[} P
o ~
(“5 ’I’
o I Bt - |
3 /"’,/ . \
5) 4 , / ™~ \
’,,;/ / \\\
/’, / \\\
Py R \
s I \
A Y N\ \
s ] \ \ \
%y A \ \
0 1! 1 1 1 1
8

CU with Pore Pressures

Sample Type: Shelby Tube

Description: Gray mottled with dark-gray and
brown clayey silt, some fine sand, trace medium to

LL=35 PL=28 PI=7
Assumed Specific Gravity=2.7
Remarks:

1

0 4 12 16 20 24
Total Normal Stress, ksf Graphic Scales Approximate
Effective Normal Stress, ksf ——--——-
15 Sample No. 1 2 3
Water Content, % 35.1 438 31.9
12.5 __ | Dry Density, pcf 83.0 76.2 85.0
8 | Saturation, % 92.2 97.7 87.6
' | Void Ratio 1.0297 1.2123 0.9833
2 10 3 Diameter, in. 2.90 2.85 2.90
@ Height, in. 5.59 5.59 5.59
2 Water Content, % 333 38.9 31.0
' 7.5 + | Dry Density, pcf 86.9 82.6 90.3
% R Saturation, % 95.6 101.0 96.5
B = Void Ratio 0.9402 1.0401 0.8674
3 5 - 2 Diameter, in. 2.86 2.78 2.85
Height, in. 5.49 5.42 5.43
L — 1| Strain rate, in./min. 0.00 0.00 0.00
25 Back Pressure, psi 40.00  40.00  40.00
Cell Pressure, psi 53.00 66.00 92.00
0 Fail. Stress, ksf 3.4 5.1 10.9
0 10 20 30 40 Total Pore Pr., ksf 6.5 8.1 9.8
Axial Strain, % Ult. Stress, ksf 34 4.9 9.8
Total Pore Pr., ksf 6.5 8.0 9.9
; o, Failure, ksf 4.5 6.6 14.4
Type of Test. o, Failure, ksf 1.1 1.4 3.5

Client:

Project: Cardinal Plant Ash Pond Investigation
Brilliant, Ohio
Location: CD-PZ-BAP-0901

Sample Number: ST-19A

Proj. No.: 011.11497.013

Depth: 31.0' to 32.8'
Date Sampled: 5/1/09

TRIAXIAL SHEAR TEST REPORT

BBC&M Engineering, Inc.

Tested By: PJM

Checked By: JJ
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Client:
Project: Cardinal Plant Ash Pond Investigation
Location: CD-PZ-BAP-0901 Depth: 31.0'to 32.8' Sample Number: ST-19A
Project No.: 011.11497.013 2 BBC&M Engineering, Inc.

Tested By: PJM

Checked By: JJ
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USGS National Seismic Hazard Maps - 2008

Peak Horizontal Acceleration with 2% Probability of Exceedence in 50 Years

ITE

use a = 0.06g




Appendix IV — Limit Equilibrium Analysis
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INDEX TESTING SUMMARY
LIQUEFACTION SCREENING

Fine Grained Soil Liquefaction Screening

Cardinal Bottom Ash Pond

Layer: NEWER EMBANKMENT FILL

BORING SAMPLE SAMPLE NATURAL LIQUID | PLASTIC | PLASTIC | GRAVEL SAND SILT CLAY CLAY SILT/CLAY uscs Fines Content and Plasticity Index Screening|
NUMBER NUMBER DEPTH MOISTURE LIMIT LIMIT INDEX .005 mm | .002 mm CLASSIFICATION % Passing Is Soil Sample Liquefiable
CONTENT % % % % % % % % % LL <35 0.005<15 WC<O0.9LL | (meets all three criteria)

BAP-0901 S-5 7.75 16 28 18 10 Yes - Yes -
BAP-0901 S-9 13.75 13 27 17 10 Yes - Yes -
BAP-0901 S-12 18.25 14 37 24 13 7 32 49 23 12 61 SANDY LEAN CLAY CL No No Yes No
BAP-0902 S-11 16.75 24 37 19 18 No - Yes No
BAP-0902 S-12 18.25 21 35 17 18 8 37 33 28 21 54 SANDY LEAN CLAY CL No No Yes No
BAP-0902 S-13 19.75 31 29 17 12 1 20 62 28 17 79 LEAN CLAY with SAND CL Yes No No No
BAP-0904 S-9 13.75 16 35 21 14 No - Yes No
BAP-0906 S-3 4.75 15 27 17 10 Yes - Yes -
BAP-0906 S-8 12.75 30 40 22 13 9 31 - Yes - -
BAP-0906 S-11 17.25 14 31 19 12 18 44 26 18 12 38 CLAYEY SAND with GRAVEL SC Yes No Yes No
Layer: ORIGINAL EMBANKMENT FILL

BORING SAMPLE SAMPLE NATURAL LIQUID | PLASTIC | PLASTIC | GRAVEL SAND SILT CLAY CLAY SILT/CLAY uscs Fines Content and Plasticity Index Screening|

NUMBER NUMBER DEPTH MOISTURE LIMIT LIMIT INDEX .005 mm | .002 mm CLASSIFICATION % Passing Is Soil Sample Liquefiable

CONTENT % % % % % % % % % LL <35 0.005<15 WC<0.9LL (meets all three criteria)

BAP-0903 S-2 3.25 24 48 24 24 0 8 60 45 32 92 LEAN CLAY CL No No Yes No
BAP-0903 S-5 7.75 20 36 20 16 0 14 58 38 28 86 LEAN CLAY CL No No Yes No
BAP-0905 S-3 4.75 17 32 18 14 0 25 53 30 23 76 LEAN CLAY with SAND CL Yes No Yes No
BAP-0905 S-5 7.75 22 48 24 24 No - Yes No
BAP-0907 S-5 7.75 23 49 26 23 No - Yes No
BAP-0907 S-6A 9.25 28 47 29 18 0 5 67 43 29 96 SILT ML No No Yes No

lofl
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August 4, 2009 )
011-11497-013 I
SOLUTIONS TO BUILD ON

Mr. Pedro Amaya, P.E.
American Electric Power
1 Riverside Plaza
Columbus, OH 43215

Re:  Subsurface Investigation and Analysis
Bottom Ash Pond Embankments
AEP Cardinal Plant
Brilliant, Ohio

Dear Mr. Amaya:

In accordance with our proposal dated March 23, 2009, and our signed contract dated March
25, 2009, BBC&M Engineering, Inc. (BBCM) has completed a geotechnical assessment of the
embankment separating the Bottom Ash Complex from the Ohio River at the Cardinal
Generating Plant in Brilliant, Ohio.

BBCM'’s scope of work, as developed by AEP, consisted of obtaining subsurface data at a total
of four cross-sections through the bottom ash pond an recirculation pond embankments, and
performing seepage and slope stability analyses to provide an indication as to the level of safety
provided by the embankments. The following report is a summary of our investigation.

We appreciate having been given the opportunity to be of service on this project. If you have
any questions, please do not hesitate to contact this office.

Respectfully submitted,

BBC&M ENGINEERING, INC.
Columbus, Ohio

Michael T. Romanello, E.I. Michael G. Rowland, P.E.
Staff Engineer Senior Engineer

Submitted: 4 bound copies
1 electronic copy on CDROM

6190 Enterprise Court ® Dublin, OH 43016 - 3293 ¢ Phone 614.793.2226 ¢ Fax 614.793.2410



Cardinal Generating Plant
Bottom Ash Pond Investigation

Brilliant, Ohio

Report to

American Electric Power Service Corp.
Columbus, Ohio

Prepared by

BBCM Engineering, Inc.
Dublin, Ohio

August, 2009
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INTRODUCTION

The Cardinal Generating Plant is located along the Ohio river between Brilliant, Ohio and
Tiltonsville, Ohio, as shown on the Vicinity Map, included as Plate 1 of Appendix A. The Bottom
Ash Pond Complex is located along the west bank of the river just to the south of the main plant
area. The Bottom Ash Complex consists of two components: the Bottom Ash Pond and the
Recirculation Pond. The Bottom Ash Pond is located north of the Recirculation Pond and they
are separated by an earthen embankment. The crest elevation for all of the embankments is
approximately the same, but vary in Elevation from 668.6' to 669.4' at the surveyed cross
sections. The total length of the exterior embankment along the Ohio River is approximately
2,000 feet. For comparison, the normal pool for this stretch of the Ohio River is El. 644. Both
ponds are isolated from exterior surface water inflow.

SCOPE OF WORK

The purpose of this Geotechnical Assessment was to provide an indication as to the level of
safety provided by the dam separating the ponds from the Ohio River. The work which was
performed as part of the limited subsurface investigation consisted of 1) review of the original
plans; 2) the performance of two soil borings each at four different locations (one at the crest
and one at the toe); 3) conversion of four soil borings into observation wells; 4) the completion
of laboratory testing on the recovered samples; and, 5) engineering analyses of the existing
embankments with consideration to seepage, steady-state slope stability and seismic slope
stability.

REVIEW OF HISTORICAL PLANS

The Site Development Plan for the Ash Storage Area and the corresponding Sections Plan
(drawings numbers 3-3017-5 and 3-3027-3, respectively) from the ash pond vertical expansion
in the 1970s were made available for review. The plans were developed in 1973 and include
'Record Drawing' information through 1978. The ash pond complex is believed to have been
originally constructed in the 1960s when the plant was first brought online. BBCM also received
an electronic drawing file of the plant, including topographic data, as depicted in the Plan of
Borings presented as Plate 2 in Appendix A. The aerial survey used to develop the drawing file
was performed in 1994,

Based on the historical cross-sections extending through both the Bottom Ash Pond and the
Recirculation Pond from the vertical expansion, the original ash pond embankments along the
Ohio River ranged in height from 4 to 6 feet above the bottom of the ash pond. Historical
Sections 'A-A' and 'C-C' detail the vertical expansion plans for the embankment which was
assessed during this investigation. These cross-sections are presented as Plates 1 and 2 of
Appendix C. Based on the sections, the original embankment was raised by approximately 10
to 12 feet by constructing an earthen embankment on the inboard slope of the original
embankments. The construction was intended to raise the crest from an approximate elevation
of 658.0 feet to Elevation 670.0 feet. The approximate boundary of the original ash pond
embankment is depicted on the historical cross-sections as well as the seepage and stability
analysis graphic output.
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GEOLOGY

The natural soils at the site generally consist of a layer of alluvium silt, clay and fine sand over
glacial outwash deposits of variable thickness overlying the bedrock surface. The alluvium
clays and silts were deposited in the backwater of the Ohio River, while the outwash materials
typically consist of sand, gravel and silt deposits deposited during the last ice age. Based on
geological literature, the glacial outwash extends to the bedrock surface, estimated to be
roughly 60 feet below the natural ground surface at the pond. The upper most bedrock most
likely consists of shale and/or sandstone belonging to the Conemaugh Group of Pennsylvanian
Age.

FIELD WORK
Site Reconnaissance

On March 20, 2009, a Senior Engineer and a Project Engineer from our office performed a Dam
and Dike Condition Survey and results were presented in the 2009 Inspection Report for the
Ash Impoundment. During the condition survey, the locations of the critical cross sections
determined by AEP were observed, and the proposed borings were staked in these areas.
Additional information concerning the visual condition of the dam may be found in this report.

Soil Borings

During the period of April 6 through April 10, 2009, BBCM was on site and performed a total of
seven (7) soil borings, designated CD-BAP-0901 through CD-BAP-0907, that were extended to
depths ranging from 30.0 to 60.5 feet below existing grade. A 'PZ' designation was added to
Borings CD-PZ-BAP-0902, 0904, and 0905 to indicate an observation well was installed within
the borehole. For simplicity throughout this report, the borings are typically referred to with the
'BAP' (Bottom Ash Pond) designation only. Borings BAP-0901, 0902, 0904 and 0906 were
located at the crest of the pond embankments and Borings BAP-0903, 0905, and 0907 were
located at the outboard toe of the embankment slopes, and were placed to correspond with the
crest borings. The boring location areas were selected by AEP and field located by BBCM. The
boring locations are shown on the 'Plan of Borings' presented on a full size drawing as Plate 2 in
Appendix A. All boring locations and elevations, as well as additional ground surface points
near the borings were surveyed by AEP personnel to create surface profiles.

All borings were performed with either a truck-mounted drill rig or an all-terrain-vehicle (ATV)
mounted drill rig and were advanced between sampling attempts using 3%4-inch or 4%-inch |.D.
hollow-stem augers. Disturbed, but representative samples were obtained by lowering a 2-inch
O.D. split-barrel sampler to the bottom of the hole and driving it into the soil by blows from a
140-pound automatic hammer freely falling 30 inches (Standard Penetration Test, ASTM
D1586). The automatic hammer used to advance the SPT sampler had previously been
calibrated for energy transmission using dynamic pile monitoring methods. The energy
calibration factor is included on the boring logs. SPT sampling was performed continuously
through the embankment fill and at 2'%-foot intervals once the native soil was encountered.
Split barrel samples were examined immediately after recovery and representative portions of
each sample were placed in air tight jars and retained for subsequent laboratory testing.
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Undisturbed Soil Samples

In addition to the disturbed samples, thin-walled press tube samples (“Shelby” tubes) were also
attempted at various depths in order to obtain relatively undisturbed soil samples for strength
testing. The samples were collected by hydraulically pressing a 3-inch diameter thin-walled
steel (Shelby) tube at the end of the drill rod stem into the soil at a uniform rate. The samples
were preserved inside the Shelby tube sampler and sealed with wax. The sample collection
was completed in accordance with ASTM D 1587 Method for Thin-Walled Tube Geotechnical
Sampling of Soils. Two Shelby tube samples were obtained in Boring BAP-0901 and one
Shelby tube sample was obtained in each of borings BAP-0903 and BAP-0906. It should be
noted that several other attempts were made to obtain additional undisturbed samples but
resulted in crushing the tube or no recovery.

Borehole Backfilling and Observation Wells

During and at the completion of drilling, groundwater readings were measured and recorded in
each boring. In Borings CD-PZ-BAP-0902, 0904, and 0905, wells were installed to permit
future groundwater readings. The wells consist of 2-inch diameter PVC, well casings and
screens. Screens are nominal 10-foot lengths with 10-slotted openings. Quartz sand was used
as a filter (where the surrounding soil does not consist of sand and gravel) and was placed to a
level approximately 2 feet above the top of the well screen. A well seal consisting of
approximately 2 feet of granular bentonite (3/8-inch hole plug) was set above the filter pack and
the remainder of the annular space was filled with a bentonite slurry (benseal). A lockable steel
cover was installed over the well and a 3 foot by 3 foot concrete pad was constructed to protect
the exposed portion of the well which extends above the ground surface. Three to four steel
bollards were installed around each concrete pad to protect the well.

During the installation of the wells, a surge block was used to densify the sand pack. Upon
completion, each well was developed. Well development includes an attempt to hand bail 10
well volumes of groundwater from each well. Well Completion Diagrams are presented as
Plates 23 though 25 of Appendix A. BBCM understands that all follow up groundwater level
measurements will be obtained by AEP personnel. It is also understood that AEP will formally
survey in the top of pipe for the three wells.

Recording of Field Data

In the field, the following procedures and specific duties were performed by a Staff Engineer or
a Field Geologist from our office:

o examined all samples recovered from the borings;

e cleaned soil samples of cuttings and preserved representative portions in airtight glass
jars;

made seepage observations and measured the water levels in the borings;

prepared a log of each boring;

made hand-penetrometer measurements in soil samples exhibiting cohesion; and,
provided liaison between the field personnel and the Project Manager so that the field
investigation could be modified in the event that unexpected subsurface conditions were
encountered.

At the completion of drilling, all samples were transported to the BBCM laboratory for further
examination and testing.
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LABORATORY TESTING
Index Testing

Laboratory testing was performed on selected representative soil samples obtained during the
field investigations to determine natural moisture content (ASTM D2216), liquid and plastic limits
(BBCM adjustment to ASTM D4318), and grain size analyses (ASTM D422). The results of
these and other tests permit an evaluation of the strength, compressibility and permeability
characteristics of the soils encountered at this site.

The results of the moisture content testing and of the liquid and plastic limits are graphically
displayed on the individual boring logs presented in Appendix A. The results of all grain size
analyses are also displayed graphically and presented as Plates 10 through 66 in Appendix B.
All laboratory test results and a summary of laboratory test results are presented in Appendix B.

Table 1 summarizes the results of the index testing for the each layer except for the glacial
outwash sand and gravel, where only a limited number of index testing was performed. For a
comprehensive summary of all index testing performed, see Plates 3 through 7 of Appendix C.

Table 1. Summary of index values

Newer Embankment Fill

Statistic MC LL PL Pl CF
Sample Size 16 12 12 12 8
Minimum 10 25 16 9 8
Maximum 31 37 24 18 21
Mean 16.3 30.3 18.3 12.1 12.1
Median 15 29 17 11 11
Mode 16 27 17 10 12
Standard Deviation 54 4.5 2.3 3.2 4.6

Original Embankment Fill

Statistic MC LL PL Pl CF
Sample Size 10 6 6 6 4
Minimum 15 32 18 14 23
Maximum 33 49 29 24 32
Mean 22.5 43.3 23.5 19.8 28.0
Median 22 48 24 21 29
Mode 22 48 24 24 N/A
Standard Deviation 5.1 7.4 4.0 4.4 3.7
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Alluvium Silt and Clay

Statistic MC LL PL Pl CF
Sample Size 10 4 4 4 10
Minimum 22 34 21 7 3
Maximum 38 38 28 15 28
Mean 29.0 36.0 23.5 12.5 11.0
Median 29 36 23 14 7
Mode 26 N/A N/A 15 5
Standard Deviation 54 1.8 3.1 3.8 8.5

Organic Clayey Silt

Statistic MC LL PL Pl CF
Sample Size 22 18 18 18 21
Minimum 28 30 22 3 5
Maximum 54 50 38 20 44
Mean 41.8 40.2 27 1 13.2 18.9
Median 43 41 27 15 17
Mode 43 45 24 16 16
Standard Deviation 5.2 54 3.7 4.7 7.4

MC = Moisture Content; LL = Liquid Limit; PL = Plastic Limit; Pl = Plasticity Index;
CF = Clay-sized Fraction (% finer than 0.002 mm)

Specialty Testing

In addition to the above index tests, a three-point isotropically consolidated-undrained (CU)
triaxial shear test (ASTM D4767) and a flex wall permeability test was performed on undisturbed
soil samples obtained from Shelby Tube sampling. Results of all laboratory testing are included
in Appendix B. Difficulties were encountered in obtaining undisturbed samples within the newer
embankment fill due to the granular nature of the material. The CU triaxial test and permeability
test were performed on undisturbed samples obtained within the alluvium and original
embankment fill layers, respectively.

GENERAL SUBSURFACE CONDITIONS
Stratigraphy

Based on the descriptions of the samples recovered in the borings and laboratory testing, the
subsurface stratigraphy for each section can generally be described in descending order from
the top of the embankment as follows:

e The four borings which were performed from the crest of the embankments encountered
1.0 to 3.0 feet of roadway base consisting of bottom ash/boiler slab at the ground
surface overlying 18.0 to 22.0 feet of embankment fill consisting of very stiff to hard silty
clay and medium-dense to dense fine to coarse sand and gravel. Hand penetrometer
measurements on samples exhibiting cohesion within this layer ranged from 2.5 to 4.5+
tons per square foot (tsf), while SPT N-values (corrected for 60% energy) ranged from 6
to 50 with an average of 26. Index testing results, including liquid limit and plasticity
index of samples tested within this stratum are summarized in Table 1 of the previous
section. The material was predominantly classified as Lean Clay (CL) to Clayey Gravel
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with Sand (GC) under the Unified Soil Classification System. Boring CD-PZ-BAP-0901
encountered a 4.5 foot thick zone of very-soft to very-stiff silty clay at the bottom of the
fill. Hand penetrometer measurements within this zone ranged from 0.0 to 2.25 tsf.

e The three borings which were performed from the outboard toe of the embankments
encountered 8.5 to 11.5 feet of embankment fill consisting of very-stiff to hard brown
mottled with gray silty clay. The fill encountered in these borings is believed to be
associated with the original pond embankments, and is denoted throughout this report
as the 'Original Embankment Fill'. Hand penetrometer measurements on samples within
this layer ranged from 1.6 to 4.5+ tons per square foot (isf), while SPT N-values
(corrected for 60% energy) ranged from 11 to 48 with an average of 22. Index testing
results, including liquid limit and plasticity index of samples tested within this stratum are
summarized in Table 1 of the previous section. The material was predominantly
classified as Lean Clay (CL) under the Unified Soil Classification System.

o Underlying the embankments, the borings encountered 4.5 to 10.5 feet of alluvium
consisting of very-loose to loose silt with few zones of stiff to hard silty clay and thin
seams of very loose to loose fine to coarse sand. Hand penetrometer measurements on
samples exhibiting cohesion within this layer ranged from 1.6 to 4.5+ tons per square
foot (tsf), while SPT N-values (corrected for 60% energy) ranged from 0 to 33, with an
average of 8. Index testing results, including liquid limit and plasticity index of samples
tested within this stratum are summarized in Table 1 of the previous section.

e Beneath the alluvium silt and clay, the borings encountered 3.5 to 14.5 feet of very-soft
to stiff organic clayey silt. Hand penetrometer measurements on samples exhibiting
cohesion within this layer ranged from 0.0 to 1.25 tons per square foot (tsf), while SPT
N-values (corrected for 60% energy) ranged from 0 to 20, with an average of 5. Index
testing results, including liquid limit and plasticity index of samples tested within this
stratum are summarized in Table 1 of the previous section. Loss on Ignition (LOI)
values ranged from 7.9 to 10.4%. The material is predominantly classified as organic
clay with sand (OL) under the Unified Soil Classification System. Throughout the report,
this layer was identified as a clayey silt based on its consistency even though the PI
often indicated the material would be classified as a silty clay

¢ All borings were terminated after penetrating 7.0 to 30.0 into feet very-loose to loose fine
to coarse sand and/or medium-dense to dense brown fine to coarse sand and gravel.
SPT Neo-values in the very-loose to loose sand ranged from 4 to 29 bpf with an average
of 12. SPT Ngo-values in the medium-dense to dense sand and gravel ranged from 14 to
69 bpf with an average of 32. The percent passing the 200 sieve ranged between 6 and
24, with an average of 12.2.

The newer embankment fill consisted of silty clay, sand, and gravel and was considered as a
uniform stratum although the main descriptor varied based on the small variations in the percent
by weight of each material. Strength parameters associated with this layer are discussed in the
Seepage and Stability Analysis section. For a more detailed description of the stratigraphy,
including the presence of minor variations and inclusions, the logs of the individual borings
should be examined in conjunction with the summary above.
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Groundwater

Groundwater observations were made as each boring was being advanced and measurements
were made at the completion of drilling. The groundwater observations are graphically
displayed on the boring logs and also noted at the bottom of the log. All water level readings
indicated on the borings logs are referenced from the ground surface, as the top of pipes have
not yet been formally surveyed. Extended groundwater measurements were made in the
observation wells while on site and are summarized in Table 2.

Table 2: Extended Groundwater Measurements.

Elevation During Elevation at Elevation on Elevation on
Boring Drilling Completion 4-7/8-09 4-10-09
CD-BAP-0901 635.2 654.9 -
CD-PZ-BAP-0902 655.0 657.3 657.3 659.6
CD-BAP-0903 627.6 633.6 -
CD-PZ-BAP-0904 652.1 652.1 652.2
CD-PZ-BAP-0905 632.1 642.1 642.1 644.7
CD-BAP-0906 648.6 658.3 -
CD-BAP-0907 627.3 634.0 -

Elevation Datum: NAD 27 / NGVD 29

SEEPAGE AND STABILITY ANALYSIS

Embankment dams must exhibit adequate factors of safety against a slope stability failure for
static and seismic conditions. As part of this project, BBCM considered four areas of the ash
pond embankment along the river as deemed critical by AEP to analyze for stability. Each
section was developed by performing one boring through the crest of the embankment and one
boring at the outboard toe, with the exception of the southernmost section through the
recirculation pond embankment, where the location of the proposed boring at the toe was
inaccessible. The following sections of this report discuss the analyses that were performed,
explain the rational supporting parameter selection and present the results.

Based on visual observations, the Recirculation Pond embankments appeared to be in 'Fair'
condition while the Bottom Ash Pond appeared to be in "Good' Condition. The principal item
which came out of this inspection relative to this report is that no evidence of slope failure or
seepage was observed on the embankment slope between the pond and the river. It should be
noted however, that the toe of the slope is inundated by the ordinary high water level of the Ohio
River. The 2009 Inspection Report should be consulted for the complete assessment of the
visual observations made for the Bottom Ash Complex.

Methodology

The seepage and stability analyses were performed with the aid of the computer program Slide
(Version 5.0) developed by Rocscience, Inc. The program performs 2-D limit equilibrium slope
stability analyses and steady-state unsaturated seepage analysis; the latter using the finite
element method. Pore pressure values produced from the seepage analysis are used in the
slope stability computations for each model.
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Static and seismic slope stability analyses were performed on the outboard embankment slopes
for Cross-Sections B and D using Spencer's method (Spencer, 1973) with a deterministic
approach. Both methods provide solutions for given cross sections based on limit equilibrium
theory. The five critical slip surfaces corresponding to the lowest factor-of-safety are shown in
the graphical output. Seismic slope stability analyses were performed based on a pseudo-static
slope stability approach. Stability calculations were performed in general accordance with the
US Army Corps of Engineer's Engineering Manual 1110-2-1902 entitled Slope Stability.

Cross Sections

Cross-sections showing the general subsurface conditions encountered in the borings were
developed based on the survey data provided by AEP. Table 3 summarizes the borings used to
develop the four cross sections, which are shown individually on the Subsurface Cross Sections
shown on a full size plan sheet as Plate 3 of Appendix A. Two cross-sections were chosen to
carry out the seepage and stability analysis, and are considered representative of the cross-
sections not used. It should be noted that no bathymetric data was available. As such, the
portion of the slope located below the Ohio River normal pool was estimated. [If bathymetric
information becomes available in the future, it is recommended that the analysis cross-sections
be reviewed.

Table 3: Cross Section Data

Cross-Section Location Crest Boring Toe Boring
Section A Recirculation Pond CD-BAP-0901 -
Section B Recirculation Pond CD-PZ-BAP-0902 CD-BAP-0903
Section C Bottom Ash Pond CD-PZ-BAP-0904 CD-PZ-BAP-0905
Section D Bottom Ash Pond CD-BAP-0906 CD-BAP-0907

Although four separate cross-sections were examined, the parameters selected to represent the
permeability and strength of both the original and newer embankment fill layers were kept the
same between sections. Although there are minor differences when comparing the two layers
between borings, it is believed that there is insufficient evidence to support delineating the
parameters from section to section. Therefore, for the purposes of the seepage and slope
stability analyses, the permeability and shear strength parameters used to represent the fill
layers were based on the totality of test data available for the embankment across the entire
site.

The natural alluvium soils underlying the pond embankments are somewhat variable, consistent
with the depositional environment of such soils. As with the embankment fill, it is difficult to
justify developing specific parameters for an individual cross-section, as the properties of this
stratum may vary over short distances. As such, the parameters used to represent the alluvium,
and similarly the organic clayey silt and glacial outwash layers, were based on the totality of test
data available for these layers across the entire site.

At the time of the survey performed March 27, 2009, the pool levels in the recirculation pond
and bottom ash pond were at EL. 663.1, and EL. 664.4, respectively. The resulting freeboard
from the surveyed pool levels range from 4.3 - 5.1 feet and 5.6 - 5.8 feet for the recirculation
and bottom ash ponds, respectively. It is understood that these levels represent the
approximate normal operating pool level. The pool level in the Ohio River was recorded as
Elevation 644.4 feet. The ordinary high water level of the river is believed to be EL. 644 at the
site.
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Seepage Analysis

The location of the groundwater table within the embankments was estimated based on
extended groundwater readings taken from the observations wells and conditions encountered
during drilling. Groundwater conditions used in the finite element model were then calibrated to
match the observed conditions. Results from the seepage analysis provided pore pressure
values within the model to be used in the Stability Analysis.

Hydraulic Properties

As previously indicated, the same modeled permeability values for the various soil layers were
taken for both cross-sections based on the totality of information available for the site. A flex
wall permeability test was performed on an undisturbed sample obtained within the original
embankment fill layer yielding a vertical permeability of 7.4x10® cm/sec. The design value for
permeability was increased to 5x10”7 cm/sec as a result of the calibration of the seepage
models. Permeability values for the other strata were estimated from typical published values
based on material description or correlations to grain size. Permeability values and anisotropic
ratios were then adjusted during the seepage analysis to best match the observed groundwater
conditions. Supporting calculations for the development of the permeability values are included
in the Slope Stability Shear Strength and Permeability Parameter Justification section of
Appendix C.

Permeability values assigned to the model layers are shown in the table below. Several layers
were modeled with anisotropic permeability functions. The horizontal permeability (ki) of the
original embankment fill soils were estimated as 10 times the vertical permeability (h,), to best
model the stratification of the soil as a result of compacting the fill in horizontal lifts
(Casagrande, 1937), but was adjusted to a ratio of 5 times during the analysis. Similarly, a kp/k,
ratio of 2 was used for the newer embankment fill soils. The alluvium and organic clayey silt
foundation layer were modeled with a horizontal permeability twice the vertical permeability to
simulate the natural stratification and inclusion of fine sand seams. The remaining soil layers
were defined as a granular material and were assigned isotropic permeability functions.

Table 4: Permeability Values

Material Description K, (lej:;r;eabilili: T Reference

Newer Embankment Fill 1x10° 2 Grain Size Correlation
Original Embankment Fill 5x107 5 Permeability Test
Alluvium Silt and Clay 1x10° 2 Typical Published Values
Organic Clayey Silt 5x10® 2 Typical Published Values
g%otj\g;?] I\S/I:g dD:r:\;%(;lsglial 1x1072 1 Grain Size Correlation
'(\)/Iﬁ’?wgser? SSear-m dDaennds%r(:‘I\i;ial 1x107° 1 Grain Size Correlation
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Hydraulic Boundary Conditions

Topographic contours from the most recent survey as well as from historical construction
drawings were used to expand the surface profile created from the AEP survey in order to
develop a full scale model. The following boundary conditions were assigned to the finite
element based models.

e A 'Constant Head' boundaries of 663.0 and 664.5' were used to represent the level of
water in the recirculation pond and ash pond, respectively.

e The model was extended on the downstream side to the approximate middle of the Ohio
River, and a 'Constant Head' boundary of 644.4' was used to represent the normal flow
level of the river at this point (water level recorded by AEP).

e A 'No-Flow' boundary was placed on the upstream end of the model, as flow should
become predominantly downward near the middle of the pond.

e A ‘No-Flow’ boundary was placed on the bottom of the model at Elevation 550'
representing the approximate bedrock surface, which is assumed impermeable for this
analysis.

¢ 'Unknown' boundary conditions were set on the remainder of the model to allow the
program freedom to calculate values at these locations. These locations include the
downstream slope face and the downstream ground surface.

e For Section D, the Constant Head Boundary of 644.4' was extended up the downstream
slope to the location of the toe boring in an effort to model the observed groundwater
conditions within the original embankment fill.

Finite Element Discretization and Mesh

The following steps were performed during the development of the seepage model:

o 6 Noded Triangles were used to generate the finite element mesh for the models (see
Plates 2 and 7 of Appendix D).
e The density of nodes was manually increased to minimize the number of ‘Poor Quality
Elements’ based on the Mesh Quality function available in Slide.
e Poor quality elements were defined as elements with one of the following characteristics:
1. Maximum side length to minimum side length ratio greater than 10.
2. Minimum interior angle less than 20 degrees.
3. Maximum interior angle greater than 120 degrees.
e Prior to final computational runs, a sensitivity analysis was performed to determine if an
adequate number of total finite element nodes were used in the analysis.
e A sensitivity analysis was performed on the tolerance of the computational iteration.

Seepage Analysis Models and General Results

Graphical output from the seepage analyses for Sections B and D are presented in Appendix D
as Plates 3 and 4 for Section and B and Plates 8 and 9 for Section D. The calibrated seepage
models produced phreatic surface shapes close to what was expected based on the water
levels measured in the observation wells.

Although a typical phreatic surface extending from the ash pond level to the Ohio River was
generated, much of the seepage emanating from the ponds is moving downward through the
newer embankment fill and thin stratum of alluvium soils and into the glacial outwash sand and
gravel stratum.
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Stability Analyses

Shear Strength Parameters

In order to perform slope stability analyses, it was necessary to estimate appropriate
parameters to represent the existing soils. The shear strength and unit weight values used for
the slope stability analyses were based on a combination of the laboratory index test results,
triaxial shear tests, published values and judgment, and are intended to be representative of
long-term conditions. Table 5 lists the strength parameters used in both static and seismic
analyses for each stratum. Supporting calculations for the development of these strength
values are presented in the Slope Stability Shear Strength Parameter Justification section of
Appendix C.

The percent of organic content in the Organic Clayey Silt layer was determined by performing
Loss on Ignition (LOI) tests; results ranged from 7.9 to 10.4 percent. For LOI-values of less
than 20 percent, the soil properties are controlled by the non-organic portion of the soil (FHWA,
2002).

Table 5: Strength Values for Static Conditions

, . Strength

Material Description Ywet ' g' Reference
(pcf) b c' (psf)
. o SPT and Index Testing

Newer Embankment Fill 125 31 0 Correlations
Original Embankment Fill 125 30° 100 Index Testing Correlations
Alluvium Silt and Clay 125 30° 0 Index Testing Correlations

: : o Index Testing Correlations and
Organic Clayey Silt 125 1 30 O | CU Triaxial Test (BBCM 2009)
Very Loose to Loose Glacial o o .
Outwash Sand and Gravel 115 29 0 SPT and Grain Size Correlations
Medium Dense Glacial R e .
Outwash Sand and Gravel 120 34 0 SPT and Grain Size Correlations

In addition to the static steady-state stability analyses, strength parameters were developed for
use with the pseudo-static seismic analyses. With respect to seismic loading, it is believed that
the newer embankment fill soil is sufficiently granular that drained strengths values will be
exhibited during seismic loading. However, as the original embankment fill is more cohesive in
nature, it will likely exhibit an undrained response. As the embankment fill has come to
equilibrium under the present steady-state seepage conditions, the shear strength envelope
used in the analysis was based on the "R" test, as recommended in the Army Corps of
Engineer's Manual 1110-2-1906 "Laboratory Soils Testing," and suggested by Duncan and
Wright in their 2005 publication. This is essentially the slope and y intercept of the CU strength
envelope. Unfortunately, CU triaxial tests were not performed in the newer embankment fill
layer as all Shelby tubes attempted in this layer failed to recover an adequate sample size
(however, a permeability test was performed). The seismic strength values for the newer
embankment fill layer has been estimated based on values given by Duncan and Wright (2005)
for soils with similar index properties (See Plate 16 of Appendix D). CU Triaxial test data was
available for the Organic Clayey Silt layer, and the corresponding R envelope was used to
model the shear strength. As there is a significant amount of sand within the alluvium strata,
drained strength values were used for seismic loading.
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Table 6: Strength Values for Seismic Conditions

. . Strength
Material Description Vet g Reference
(pcf) b c (psf)
. o SPT and Index Testing
Newer Embankment Fill 125 31 0 Correlations
Original Embankment Fill 125 22° 50 Duncan and Wright (2005)
Alluvium Silt and Clay 125 30° 0 Index Testing Correlations
Organic Clayey Silt 125 24° 180 | CU Triaxial Test (BBCM 2009)
Very Loose to Loose Glacial o . .
Outwash Sand and Gravel 115 29 0 SPT and Grain Size Correlations
Medium Dense Glacial o . .
Outwash Sand and Gravel 120 34 0 SPT and Grain Size Correlations

Analysis and Results

Static and seismic analyses were performed on Sections B and D to determine the factor of
safety against rotational failure for the outboard slopes using drained soil strength parameters.
The graphical computer outputs for these analyses have been included with this report in
Appendix D.

Seismic analyses were performed using a pseudo-static analysis with a horizontal seismic
coefficient of 0.06g. This coefficient was determined from the 2008 USGS National Seismic
Hazard Maps for the “Peak Acceleration (%g) with 2% Probability of Exceedance in 50 Years”.
This chart is provided as Plate 33 of Appendix C.

Graphical results of the slope stability analysis for static and seismic conditions are shown in
Appendix D. Table 7 summarizes the lowest factors of safety determined for each analysis
case.

Table 7: Stability Analysis Summary

Analvsis Case Required Minimum Computed FS
y Factor of Safety Section B Section D
Static (Steady-State Seepage) 1.50 1.57 1.52
Pseudo-Static 1.00 1.05 1.09

The critical failure surfaces were located through a deterministic search, with no limitations on
failure depth. The failure surface locations were restricted to find only surfaces associated with
a global failure through the composite embankment (original plus newer embankment fill) or
through the original embankment only. Shallow sloughing failures along the river bank were not
considered for this analysis. The results are based on the pool level recorded at the time of the
survey, extrapolated bathymetric data, and the groundwater measurements recorded from the
observation wells.

Ash Pond Investigation
Cardinal Generating Plant
Brilliant, Ohio

BBC&M Engineering, Inc. 12



CONCLUSIONS

As part of this report, BBCM examined the stability of the outboard embankment slopes at 4
locations under steady-state seepage and seismic loading conditions using the results of 7 soil
borings. The analyses suggest that at the four cross sections examined, the embankments
exhibit adequate factors of safety relative to those recommended by the US Army Corps of
Engineers (COE).
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INTRODUCTION

BBCM previously performed a limited subsurface investigation and slope stability analyses of
the Cardinal Bottom Ash Pond Complex, the report of which was dated August 4, 2009. This
report consisted of obtaining subsurface data at a total of four cross-sections through the bottom
ash pond and recirculation pond embankments, and performing seepage and slope stability
analyses to provide an indication as to the level of safety provided by the embankments.

The purpose of this follow-up work was to supplement the analyses performed as part of the
original work in an attempt to fulfill the AEP action plan requirements in response to the USEPA
inspection report. The follow-up slope stability analyses are solely based on existing subsurface
data, as no additional field or laboratory work was performed as part of this project. Also as part
of this follow-up work, hydraulic and hydrologic (H&H) analyses were performed to determine
the capacity and freeboard of the Bottom Ash Pond related to current requirements. A summary
of the work performed is contained in this report. This report should be considered an
addendum to our August 4, 2009 Bottom Ash Pond Complex report.

SLOPE STABILITY ANALYSIS
Follow-Up Embankment Stability Analysis

Additional slope stability analyses were performed on Sections B and D to determine the factor
of safety against rotational failure for the following conditions:

1.) Inboard slopes under steady-state seepage conditions;

2.) Pseudo-static seismic analyses under steady-state seepage conditions for the
inboard slopes;

3.) Surcharge pool conditions (outboard slopes); and,

4.) Rapid drawdown analyses for the inboard slope.

The previously developed cross-section (B and D) geometry, permeability values, and shear
strength parameters were used in the follow-up analysis. Please refer to the ‘Subsurface
Investigation and Analysis — Bottom Ash Pond Embankments’ report by BBCM dated August,
2009 for a complete discussion of these parameters.

Seismic analyses for the inboard slopes were performed using a pseudo-static analysis with a
horizontal seismic coefficient of 0.06g, consistent with the original report. The surcharge pool
was modeled using a distributed line surcharge load, as it is not expected that the phreatic
surface within the embankment will change during this temporary loading condition.

A rapid drawdown analysis was also completed for the bottom ash pond inboard embankment
slopes utilizing the previously developed cross-sections. It is the understanding of BBCM that
the ponds are typically filled with ash which would tend to support the inboard slopes. However,
on an occasional basis, during times of ash removal and subsequent re-filling, a full pool of
water could be established and a rapid drawdown scenario could occur if the pond were
suddenly emptied. While not impossible, a large scale rapid drawdown event with unsupported
interior slopes is unlikely. Notwithstanding, a rapid drawdown analysis was completed using the
conventional method whereby the phreatic surface is positioned at the ground surface (inside
the pond) and extended up into the slowly-draining embankment layers to the normal pool
elevation. Drained strength parameters are used in this scenario. The drawdown level for the
Addendum: Ash Pond Investigation 1
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analysis was considered to occur from the normal operating pool El. 664.4 down to the natural
ground surface on the inboard side of the embankment. During the subsurface investigation it
was determined that there are two types of fill present in the embankments, identified as newer
embankment fill and original embankment fill. The newer embankment fill contains a high
percentage of sand and gravel (58%), as determined from previous laboratory testing. While
pockets of this layer are cohesive and will exhibit a slowly-draining response during a rapid
drawdown event, the layer as a whole likely will not maintain a consistent phreatic surface on
the inboard slope. As a result, the phreatic surface was modeled to maintain its elevated level
only within the original embankment fill and not within the newer embankment fill. Please see
the analysis of the newer embankment fill layer submitted in Appendix B.

Graphical results of the slope stability analysis for static and seismic conditions are shown in
Appendix A. Table 1 summarizes the lowest factors of safety determined for each analysis
case.

Table 1: Stability Analysis Summary

Analvsis Case Required Minimum Computed FS
y Factor of Safety Section B Section D
Static (Steady-State Seepage) — 150 1.70 165
Inboard Slope
Pseudo-Static — Inboard Slope 1.00 1.39 1.34
Maximum Surcharge Pool —

Outboard Slope 1.40 1.55 1.52

Rapid Drawdown — Inboard Slope 1.30 1.55 1.52

The critical failure surfaces were located through a deterministic search, with no limitations on
failure depth. The failure surface locations were restricted to find only surfaces associated with
a global failure through the embankment. Shallow sloughing failures along the river bank were
not considered for these analyses.

Liquefaction of Foundation Alluvium

A liquefaction screening analysis was performed for the soft alluvium soils underlying the
embankments. There is concern that areas of this layer could potentially liquefy during seismic
excitation and ultimately cause a failure of the embankments. The screening analysis was
performed using the five techniques listed in the Federal Highway GEC No. 3:

1.) Geologic Age and Origin,

2.) Fines Content and Plasticity Index,
3.) Saturation,

4.) Depth Below Ground Surface, and
5.) Soil Penetration Resistance.

The five screening techniques are described in detail in the hand calculations provided in
Appendix B. Due to the fines content and plasticity index, as well as the geologic age and
origin, the screening analysis suggests that liquefaction will not occur for the alluvium silt and
clay layer.
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