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1

Q.

Please state your name and business address.

2

A.

My name is Angila M. Retherford, and my business address is One Vectren Square,

3

Evansville, Indiana 47708.

4

Q.

By whom are you employed and in what capacity?

5

A.

I am the Vice President, Environmental Affairs and Corporate Sustainability for Vectren
Corporation (“Vectren”).

6
7

Q.

Please describe your educational and professional background.

8

A.

I am a graduate of Indiana University with a Bachelor of Arts degree in Biology and

9

Political Science. I attended law school at the University of Denver and graduated with a

10

J.D. degree in 1991. I was a Deputy Attorney General for the Office of the Indiana

11

Attorney General in the Environmental Litigation Section from 1991 to 1993, and was

12

Chief Bureau Counsel for the Bureau of Mine Reclamation for the Indiana Department of

13

Natural Resources from 1993 to 1998. I entered private practice for a local Evansville

14

law firm in 1998, focusing my practice on environmental law. I have been with Vectren

15

since November of 2001. I have held the positions of Director of Environmental Affairs

16

and Corporate Sustainability and Senior Environmental Counsel. I was named to my

17

current position in August of 2014.
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1

Q.

2
3

Please describe your responsibilities as Vice President, Environmental Affairs and
Corporate Sustainability for Vectren.

A.

As Vice President, Environmental Affairs and Corporate Sustainability for Vectren I am

4

responsible for ensuring compliance with all applicable federal, state and local

5

environmental regulations for Southern Indiana Gas and Electric Company, Inc. d/b/a

6

Vectren Energy Delivery of Indiana, Inc.’s (“Vectren South” or the “Company”) facilities.

7

I am responsible for environmental permitting and reporting for Vectren South facilities,

8

and advise and support Vectren's senior management on environmental and

9

sustainability planning and environmental legal strategies.

10

Q.

(“Commission”)?

11
12

Have you previously testified before the Indiana Utility Regulatory Commission

A.

Yes. I have testified in Cause No. 42861 in support of Vectren South's multi-pollutant

13

compliance plan, Vectren South's electric rate case filing in Cause No. 43839, Vectren

14

South’s dense pack filing in Cause No. 44067 and Vectren South’s Mercury and Air

15

Toxics Standards compliance filing in Cause 44446.

16

answering testimony on behalf of Vectren in the Indiana Finance Authority and Indiana

17

Gasification's syngas contract filing in Cause No. 43976.

I have also provided cross-

18

Q.

Are you sponsoring any exhibits in support of your testimony?

19

A.

Yes. I am sponsoring Petitioner’s Exhibit No. 9, Attachment AMR-1 (CONFIDENTIAL)

20

which is a report prepared by AECOM evaluating the cost of closing the West ash pond

21

at Vectren South’s Culley Generating station. I am also sponsoring Petitioner’s Exhibit

22

No. 9, Attachment AMR-2, which explains the work that needs to be performed on the

23

West ash pond.
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1

Q.

2
3

Were the exhibits identified above prepared or assembled by you or under your
direction or supervision?

A.

Yes, AECOM prepared the attached report under my supervision. It is important to

4

recognize that other Vectren South employees and consultants were involved in the

5

process of evaluating the projects described herein in order to assure the projects will

6

create compliance with the various regulations in a cost effective manner. I served the

7

role of overseeing the project planning process, including coordinating, validating and

8

documenting the testing and modeling efforts.

9

Q.

What is the purpose of your direct testimony in this proceeding?

10

A.

The purpose of my testimony is to provide an overview of federal and state

11

environmental regulatory requirements that are currently impacting the Company’s

12

electric generating units and pending and proposed environmental regulations Vectren

13

South is monitoring that will likely have an impact on our generating units. I will discuss

14

the environmental compliance assumptions that Vectren South modeled in its 2016

15

Integrated Resource Plan (“IRP”) and subsequent supplemental modeling.

16

assumptions have contributed to Vectren South’s future resource planning, and I will

17

discuss how these environmental regulations impact that planning. Finally, I will explain

18

certain federal mandates that will require Vectren South to make investments to comply

19

at its Culley Generating Station (“Culley”).

These

20

I.

EXISTING FEDERAL AND STATE REGULATORY REQUIREMENTS

21

Q.

Please briefly describe the regulatory environment that coal-fired electric

22
23
24

generating units are facing.
A.

Within the last five years, coal-fired electric generating units have faced multiple federal
regulatory initiatives (1) requiring further reductions of emissions of air pollutants, (2)
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1

requiring significant reductions in the discharge of pollutants into water bodies, and (3)

2

requiring the closure, and if necessary the remediation, of surface impoundments

3

containing Coal Combustion Residuals (“CCRs”).

4

initiatives requiring further reductions of air emissions, the U.S. Environmental Protection

5

Agency (“EPA”) finalized regulations setting new more stringent one hour national

6

ambient air quality standards (“NAAQS”) for sulfur dioxide (“SO2”), new more stringent

7

ozone NAAQS, first ever regulations requiring the reduction of mercury and air toxics

8

emissions, and first ever regulations requiring reductions of carbon dioxide. President

9

Trump’s administration has sought to reconsider certain of these new regulatory

10

requirements; however, as detailed in my testimony, these final rules overlap to such an

11

extent that no one single rule is driving the significant water and ash handling

12

modifications that are required, so the current regulatory reform and reconsideration

13

process initiated by the EPA is less impactful than has been suggested in media

14

sources.

15

Historically, Vectren South’s electric generating fleet has successfully met compliance

16

requirements for multiple federal environmental mandates.

17

primarily focused on air emissions. The Company has formulated and sought approval

18

for compliance strategies to ensure its coal-fired generating units comply with the NOx

19

State Implementation Plan (the “NOx SIP Call”)—requiring significant reductions in

20

ozone season NOx (nitrogen oxides) emissions—and the Clean Air Interstate Rule

21

(“CAIR”)—requiring further annual reductions in NOx and SO2 emissions beyond those

22

required by the Acid Rain Program. More recently the Company had to formulate and

23

seek approval for compliance strategies to ensure compliance with the Mercury and Air

24

Toxics Standards (“MATS”), which set first-ever air emission standards for mercury and

25

other air toxics.

Specifically, with respect to the

These mandates have
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1

Q.

2
3

What compliance measures did Vectren South take to ensure compliance with
these rules?

A.

Vectren South obtained approval from the Commission for the construction of selective

4

catalytic reduction technology (“SCR”) at its Brown Unit 1, Brown Unit 2, Culley Unit 3

5

and Warrick Unit 4, for compliance with the NOx SIP Call in Cause No. 41864.

6

Subsequently, Vectren South obtained approval from the Commission in Cause No.

7

42861 for the construction of a flue gas desulfurization (“FGD”) scrubber on Warrick Unit

8

4 for compliance with the SO2 emission reductions required by CAIR and approval of

9

annual operation of its existing SCR technology for compliance with the additional NOx

10

emission reductions required by CAIR.

11

Vectren South also sought and received approval of construction of a fabric filter for

12

Culley Unit 3 for compliance with a consent decree entered into between Vectren South

13

and the EPA to resolve alleged violations of New Source Review permitting provisions.

14

Q.

As part of its multi-pollutant compliance plan,

Were these previously-approved clean coal projects beneficial for Vectren South’s

15

compliance with the MATS mandates without significant further capital

16

expenditures or unit retirements?

17

A.

Yes, the scrubbers, SCRs and fabric filters previously approved by the Commission all

18

play a central role in the removal of hazardous air pollutants from Vectren South’s

19

existing units, and favorably positioned Vectren South to comply with the new MATS

20

requirements.

21

existing scrubber, SCR and fabric filters to formulate a cost-effective MATS compliance

22

strategy that focused on the construction of injection systems at each scrubber to

23

augment the efficiency of the hazardous air pollutant removal capabilities of the

24

scrubbers. Vectren South’s MATS strategy was approved by the Commission in Cause

25

No. 44446. This cost-effective solution, that took advantage of previous investments of
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1

pollution control technology, bought an additional ten years for the Company’s coal-fired

2

units to operate to allow sufficient time to monitor and determine how the anticipated

3

wastewater (“ELG”), ash disposal (“CCR”) and carbon regulations would play out.

4

Q.

Has Vectren South made other pollution control investments that will help the

5

Company comply with future environmental regulatory initiatives not related to air

6

emissions?

7

A.

Yes. Investments the Commission has already approved at Vectren South’s Brown and

8

Culley generating stations have been reducing the deposit of ash into ponds that, as I

9

will explain later in my testimony, are now subject to additional federally mandated

10

compliance obligations.

11

(Cause No. 43839) for conversion to a dry fly ash handling system at its Brown

12

Generating Station and construction of a conveyor system to load the dry fly ash from

13

the Brown Station onto barges on the Ohio River for shipment for beneficial reuse to a

14

cement manufacturer in Missouri. Vectren South had previously converted its Culley

15

Generating Station to dry fly ash handling. Under the current beneficial reuse plan, fly

16

ash from the Company’s Culley Station and its share of fly ash from Warrick Unit 4 is

17

also transported to the ash storage silo near the Brown plant for shipment to the

18

Missouri cement manufacturing facility. This beneficial reuse of a majority of Vectren

19

South’s fly ash since 2010 reduced the amount of fly ash that would have ultimately

20

been stored in the Company’s ash ponds.

The Company received approval in its last base rate case

21

II.

NEW FEDERAL AND STATE REGULATORY REQUIREMENTS

22

Q.

What current federal and state regulations are applicable to Vectren South's

23

electric generating units?
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1

A.

As noted previously, regulations for the nation’s coal-fired electric generating units have

2

historically focused on reducing emissions of air pollutants. The U.S. EPA finalized two

3

major federal regulatory initiatives in 2015 focusing on wastewater discharges and ash

4

handling—the Effluent Limitation Guidelines (“ELGs”) and Coal Combustion Residuals

5

Rule (“CCR”).

6

Culley generating facilities to continue their operation.

7

Other federal regulatory initiatives, such as EPA’s recent revision to the one hour

8

NAAQS for sulfur dioxide (“SO2”) and its finalization of more stringent ozone NAAQS,

9

have impacted Vectren South’s coal-fired generating fleet to a lesser extent due to the

10

Company’s previous investments in air pollution control equipment. Finally, I will discuss

11

the Clean Power Plan (“CPP”) and its current status.

These two regulations require further investments at the Brown and

12

Q.

Is the EPA seeking to revisit any of these regulations?

13

A.

Yes. After President Trump was sworn into office on January 20, 2017, he began filling

14

positions at the EPA with appointees with a different point of view. As I will explain in

15

more detail below, the EPA has sought to change the ELG and CCR regulations and

16

taken other steps to delay the implementation, or partial implementation, of these rules.

17

Q.

How have these steps impacted Vectren South’s compliance with the regulations?

18

A.

The simple answer is that the EPA’s efforts to revise the ELG and CCR rules, even if

19

successful, will not change Vectren South’s compliance strategy because:

20
21
22
23



The EPA’s reconsideration of the best available technology required to comply with
the ELG rule explicitly excluded fly ash transport water. Brown discharges fly ash
transport water and would require significant capital investments to comply with this
requirement.

24
25
26



Vectren South’s National Pollutant Discharge Elimination System (“NPDES”) permits
at its Brown and Culley generating stations have already been approved and include
requirements based on the pre-reconsideration ELG rule requirements.
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1
2
3



The extended ELG rule compliance deadlines adopted by the EPA do not afford
Vectren South any additional time to comply than the period Vectren South was able
to negotiate in its NPDES permits.

4
5



While the EPA is reconsidering the CCR rule, all relevant provisions of the CCR rule
remain in effect.

6
7
8



Vectren South is not requesting authority to make significant investments at this time
to comply with the CCR rule, except for costs related to closing the inactive Culley
West pond and constructing a new process and stormwater pond on that location.

9

I will explain in more detail the status of the ELG and CCR rules below and provide more

10

color about why the reconsiderations do not materially change the approvals Vectren

11

South is seeking approval of in this proceeding.

12

A. ELG Rule

13

Q.

Please explain the background behind the ELG Rule.

14

A.

On September 30, 2015, the EPA released its final Steam Electric Effluent Limitation

15

Guidelines under Section 301 of the Clean Water Act (“CWA”). Section 301 requires that

16

EPA promulgate nationally applicable technology-based effluent (wastewater) limitations

17

and standards governing the discharge of pollutants from existing point sources such as

18

coal-fired steam electric generating facilities. Section 301 also requires that EPA review

19

and, if appropriate, revise certain effluent limitation guidelines – including the ones at

20

issue here - at least every five years. The current ELG Rule was finalized in accordance

21

with a settlement timetable reached in litigation brought by environmental groups

22

asserting that EPA had violated its obligations under Section 301 for failure to conduct

23

the necessary periodic review of effluent limitations for steam electric generating

24

facilities since 1982. Thus, the effluent limitation guidelines applicable to wastewater

25

discharges from fossil fuel-fired power plants had not been updated by EPA for over 30

26

years.

27

Q.

What does the ELG Rule require?
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1

A.

The ELG rule sets strict technology-based limits through a determination of “best

2

available technology” for wastewaters generated from fossil fuel-fired generating units.

3

Specifically the ELG rule: (1) prohibits the discharge of fly ash transport water at existing

4

facilities, (2) prohibits the discharge of bottom ash transport water at existing facilities,

5

and (3) sets stringent new arsenic, mercury, selenium and nitrate/nitrite discharge limits

6

for scrubber wastewater, such as water from an FGD.

7

expressed in the rulemaking record, was the significant change in the makeup of plant

8

wastewater due to the extensive retrofit of scrubbers at coal fired generating units across

9

the industry since 1982.

EPA’s primary concern, as

10

Q.

How is the ELG Rule implemented?

11

A.

The ELG requirements are implemented through the renewal process for a power plant’s

12

existing wastewater discharge permit (i.e. a facility’s National Pollutant Discharge

13

Elimination System or NPDES permit). In Vectren South’s case, the NPDES permits

14

were set for renewal for both the Culley and Brown power plants in 2016 and were

15

finalized by the Indiana Department of Environmental Management (“IDEM”) in March

16

2017 and effective shortly thereafter.

17

reconsideration as detailed below, Vectren requested that IDEM modify the original

18

compliance deadlines to reflect the EPA deadline extensions, which were finalized and

19

the permit modifications issued on February 7, 2018 and February 20, 2018,

20

respectively.

Subsequent to the Trump Administration’s

21

Q.

What are the compliance deadlines set forth in the ELG rule?

22

A.

As finalized in 2015, the ELG requirements applied “as soon as possible” beginning

23

November 1, 2018, but no later than December 31, 2023. Facilities that agree to meet

24

alternative discharge limits for selenium, arsenic, mercury and nitrate/nitrites – effectively
CAUSE NO. 45052
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1

zero liquid discharge – do not have to comply with the new FGD wastewater limitations

2

until December 31, 2023. This provision has been interpreted by IDEM to provide that

3

facilities that retire prior to December 31, 2023, do not have to comply with the ELG rule

4

(as they would be equivalent to zero liquid discharge after that date).

5

The EPA adopted a two year extension of the November 2018 compliance for the

6

prohibition of the discharge of bottom ash transport water (but not fly ash transport

7

water) and the FGD wastewater effluent standards while the agency reconsiders its

8

selection of “best available technology” for the control of bottom ash transport water and

9

FGD wastewater as part of the Trump Administration’s regulatory reform initiative in

10

September 2017. EPA did not extend the final compliance deadline of December 31,

11

2023.

12

Q.

13
14

Are these federally mandated requirements as that term is used in Ind. Code § 8-18.4-5?

A.

Yes. The ELG Rule was promulgated by the EPA under the Water Pollution Control Act

15

(33 U.S.C. 1251 et seq.) and is imposed upon Vectren South’s facilities.

16

Pollution Control Act is specifically identified as a “federally mandated requirement” by

17

I.C. 8-1-8.4-5.

18

Q.

19
20

The Water

What do the Company’s NPDES permits require for compliance with the ELG rule
at the Culley and Brown facilities?

A.

The Culley NPDES permit requires that Culley cease the discharge of bottom ash

21

transport water by December 31, 2020, and meet applicable FGD wastewater discharge

22

limitations by February 1, 2021. In the event that Vectren South agrees to meet the

23

more stringent alternative discharge limits (effectively zero liquid discharge), the
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1

Company can seek a modification to defer the requirement to meet the FGD wastewater

2

discharge limits until December 31, 2023.

3

The Brown NPDES permit requires that Brown cease the discharge of fly ash transport

4

water by November 1, 2018, and bottom ash transport water by November 1, 2020. In

5

the alternative, Brown does not have to comply with the ELG rule if the Company notifies

6

IDEM no later than October 1, 2018 that it intends to retire the Brown coal-fired units by

7

December 31, 2023. During the rulemaking process Vectren South was able to work

8

closely with EPA to get an exemption for the Brown facility from the FGD wastewater

9

discharge limits due to the unique nature of the Brown scrubbers (the wastewater

10

recirculates instead of discharging). However, if Vectren South were to replace the

11

existing dual alkali scrubbers, the wastewater discharge limitations would then apply.

12

Q.

Please describe Vectren South’s compliance strategy for the ELG rule at Culley.

13

A.

As set forth in more detail in the testimony of Company Witnesses Games and Fischer,

14

Vectren South intends to convert the current wet system for handling bottom ash to a dry

15

system. Today bottom ash at Culley is sluiced to the Culley East ash pond. Sluicing the

16

bottom ash means that it is transported via a stream of water and ultimately deposited in

17

the ash pond. After the bottom ash handling conversion is completed, Culley bottom ash

18

will be collected and disposed of in a landfill, hauled back to a surface mine in

19

accordance with applicable surface mining regulations, or recycled. Under the current

20

NPDES permit issued to Culley, the Company must complete the bottom ash conversion

21

by December 31, 2020. Culley’s current fly ash handling system is totally dry, and will

22

not require modification under ELG.

23

currently collected and recycled for cement. That process will continue.

As noted previously, all of Culley’s fly ash is
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1

The Company proposes to construct a spray dryer evaporator system at Culley to meet

2

the new FGD wastewater discharge limitations. This system functions effectively as a

3

zero liquid discharge system, which will allow Vectren South to utilize the alternative

4

compliance date of December 31, 2023, for treatment of scrubber wastewaters. And

5

finally, since the Culley East pond will be closing under CCR (see discussion below), the

6

Company must construct a new, lined process water and stormwater retention pond to

7

collect stormwater and other non-CCR plant process waters that currently flow into the

8

East pond. As discussed in more detail in the CCR section, the Company proposes to

9

construct this new lined retention pond on top of a portion of the closed Culley West ash

10
11

pond due to space constraints at the plant.
Q.

12
13

Please describe the necessary compliance measures for the ELG rule at Brown if
it were to continue operation.

A.

As noted previously, Brown’s scrubbers are unique. To the Company’s, knowledge the

14

scrubbers at Brown are the last remaining utility-based dual alkali scrubbers in operation

15

in the country. Scrubber wastewater recirculates instead of discharging in a dual alkali

16

system resulting in no wastewater discharge. This allowed the Company to work closely

17

with EPA to get the Brown scrubbers exempted from the ELG Rule’s scrubber

18

wastewater discharge limits set for arsenic, selenium, mercury and nitrate/nitrites.

19

However, Brown would lose this exemption if Vectren South sought to continue

20

operation because the existing scrubbers would need to be replaced, as explained by

21

Vectren South witness Games. Replacement scrubbers would not be exempted from

22

ELG requirements. Brown, as it is currently operating, must also comply with the ELG

23

Rule requirement to cease wet handling of both fly ash and bottom ash because the

24

plant was not exempted from these requirements of the rule.
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1

Unlike Culley, Brown’s fly ash handling system is not completely dry.

While the

2

Company recycles a majority of the Brown ash through direct transport of the dry fly ash

3

to the river terminal, the Plant does not currently have the capability of loading dry fly

4

ash directly onto trucks for transport. Thus, if the Company is unable to send ash to the

5

river terminal due to occasional river restrictions (e.g. seasonal flooding), cement kiln

6

outage or maintenance on the conveyor system, it currently must redirect the ash to the

7

Brown ash pond. Under ELG, this would be prohibited, so the Company would be

8

required to further modify the existing dry fly ash handling systems by November 1,

9

2018, at both Brown coal-fired units (1 and 2) to make the system 100% dry. The

10

Company would also need to complete bottom ash conversions at both units by

11

November 1, 2020, and construct a new lined process water pond prior to closure of the

12

Brown ash pond under CCR.

13

Brown is anticipated to be full by December 2023, if Vectren South were to continue to

14

operate the Brown units it would be necessary to construct a new lined landfill for the

15

disposal of bottom ash and scrubber by-product. Vectren South has prepared a high

16

level cost estimate of these capital improvements which indicates that nearly $500

17

million would be necessary. These compliance costs were modeled in the Company’s

18

integrated resource plan under a business as usual planning scenario.

Moreover, given that the currently permitted landfill at

19

Q.

What is the current status of the ELG rule?

20

A.

The ELG rule was finalized by the previous administration in September of 2015. As is

21

the case with virtually every major environmental regulation, the rule was immediately

22

challenged on judicial review in federal court by multiple parties.

23

however, the ELG rule was not stayed by the reviewing court during pendency of its

24

review.

Unlike the CPP
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1

Upon taking office in January of 2017, the Trump administration immediately launched a

2

regulatory reform initiative focused in part on removing regulatory burdens on the

3

generation of electricity from fossil fuels. One of the rules selected by the Administration

4

for reconsideration was the ELG Rule. On April 12, 2017, EPA notified industry that it

5

was administratively staying the compliance dates in the rule under Section 705 of the

6

Administrative Procedure Act (“APA”) while the agency reconsiders portions of the Rule.

7

EPA also petitioned the reviewing court to hold the pending judicial review in abeyance

8

while EPA completes its reconsideration. EPA’s attempt to administratively stay the

9

ELG compliance deadlines through Section 705 of the APA was immediately challenged

10

by environmental groups, citing previous federal court decisions finding that while

11

agencies may revise final regulations through new notice and comment rulemaking,

12

agencies cannot unilaterally suspend compliance dates that have already been finalized

13

as a result of a change in policy direction.

14

The EPA also commenced a new notice and comment rulemaking to temporarily

15

suspend compliance deadlines for certain portions of the ELG Rule and announced its

16

intent to reconsider best available technology for bottom ash transport water and FGD

17

wastewaters, but not fly ash transport water.

18

administrative stay and finalized a limited rule that postpones for two years the earliest

19

date for compliance with the ELGs from November 2018 to November 2020 for the

20

prohibition of the discharge of bottom ash transport water and the effluent limitations

21

applicable to FGD wastewaters, but left in place the final “no later than” deadline of

22

December 31, 2023.

23

prohibition of the discharge fly ash transport water. EPA has yet to indicate when and

24

how it intends to proceed further with its reconsideration of the bottom ash and

25

wastewater provisions.

In September 2017, EPA lifted the

EPA also declined to extend the earliest deadline for the
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1

Q.

2
3

How does the reconsideration of the ELG Rule impact the Company’s
environmental compliance strategy?

A.

EPA’s reconsideration and two year extension of the earliest compliance deadline does

4

not significantly impact the Company’s environmental compliance strategy at either plant

5

because the ELG requirements have already been incorporated by IDEM into the

6

Company’s current NPDES (wastewater discharge) permits. Moreover, the compliance

7

deadlines that the Company negotiated with the state of Indiana are already beyond the

8

extended date of November 2020, and instead rely primarily on the final compliance

9

deadline of December 31, 2023, which was not extended by EPA as part of its

10

reconsideration.

11

discharge of fly ash transport water under the ELG Rule, which directly impacts the

12

Brown plant and would require significant further modification of the dry fly ash handling

13

system for Brown to continue operation.

14

Even if the EPA subsequently rescinds the requirement to convert to dry handling of

15

bottom ash upon reconsideration, the Company would still have to complete the bottom

16

ash conversions at both the Culley and Brown plants because it will be required to close

17

the existing ash ponds under the CCR Rule. Both the ELG and CCR rules work together

18

to effectively prohibit the continued discharge of bottom ash into the ash ponds. ELG

19

explicitly prohibits it, and CCR effectively prohibits future discharge of bottom ash as a

20

result of the closure of the ash ponds.

Similarly, EPA declined to reconsider the prohibition of continued

21

Q.

Could the EPA completely rescind the new FGD wastewater discharge limits?

22

A.

Wholly rescinding the new FGD wastewater discharge limits would be very difficult for

23

the EPA because its failure to update ELGs applicable to coal-fired power plants for 33

24

years is a clear violation of federal law.

The EPA would be on much stronger legal
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1

footing by revising certain discharge limits to make them slightly less stringent. If the

2

discharge limits are made less stringent, Vectren South could, in theory, ask IDEM to

3

modify the existing permits to incorporate these less stringent limits. Less stringent

4

discharge limits would not allow Vectren South to avoid constructing new wastewater

5

treatment system at Culley because there is currently no equipment at Culley capable of

6

achieving the revised less stringent water discharge limitations that might be

7

implemented upon reconsideration.

8

system will ensure Culley can continue to comply with both current and future

9

wastewater

10

investment.

11

Furthermore, any attempt by EPA to rescind or revise the current ELG wastewater

12

discharge limitations will be vigorously challenged by environmentalists. The EPA would

13

be required to support its reconsideration with a robust technical analysis that essentially

14

rebuts EPA’s previous determinations of best available technology in a new notice and

15

comment rulemaking to develop a revised rule that can withstand challenge. EPA has

16

not started this new rulemaking and given the extensive record supporting the current

17

ELG rule, it could take more than two years to complete the reconsideration. Such a

18

review might still be open if a new president is elected in 2020 with a different policy

19

orientation.

20

B.

discharge limitations

The Company’s proposed zero liquid discharge

without

requiring

significant

additional

future

Coal Combustion Residuals (“CCR”) Rule

21

Q.

Please describe the CCR Rule.

22

A.

In April 2015 EPA finalized its CCR Rule in which the agency promulgated a self-

23

implementing regulation under Subtitle D of the Resource Conservation & Recovery Act

24

(“RCRA”). The CCR rule allows for the continued beneficial reuse of coal combustion
CAUSE NO. 45052
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1

residuals (fly ash, bottom ash and flue gas desulfurization materials). The CCR Rule

2

contains specific requirements that are to be met in order to continue operation of an

3

existing ash pond. If those requirements are not met, use of the ash pond must cease

4

and closure of the ash pond must begin. For ash ponds that are required to close, the

5

rule allows for two options:

6

impermeable cover (close in place), or (2) remove material and dispose of it in a safe

7

manner (closure by removal).

8

Q.

9
10

(1) leave the materials in place and install a final

What requirements must be met under the CCR Rule to continue use of an
existing ash pond?

A.

The CCR Rule contains three regulatory requirements that force the closure of an ash

11

pond if they are not met. The first is a safety factor assessment which must have been

12

completed by October of 2016. If the safety factors cannot be met, the ash pond must

13

have ceased receipt of materials by April 2017 and closure initiated within 30 days. The

14

second requirement is a groundwater assessment.

15

applicable groundwater standard, the owner must commence the closure process and

16

initiate corrective action measures if necessary.

17

location restrictions that force commencement of closure activities within 6 months of

18

October 2018 if those standards are not met. The CCR Rule also sets out various

19

circumstances through which an owner can take self-implementing 1-year extensions to

20

delay closure activities. One example is if the unit is slated for retirement and there is no

21

reasonable alternative option for disposal in the interim. A facility can only seek the 1-

22

year extensions for a maximum of 5 years.

23

Q.

If an ash pond exceeds an

Finally, the Rule sets out various

Please describe the Company’s ash ponds and current ash handling.
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1

A.

The Company has three coal ash ponds: (1) a 156 acre pond located at Brown (Brown

2

Pond), (2) a 10 acre pond located at Culley (“Culley East”), and (3) a 30 acre pond

3

located at Culley (“Culley West”). Each pond historically accepted fly and bottom ash

4

from the Company’s coal-fired units.

5

recycled as synthetic gypsum although the routine system purge and effluent from the

6

FGD mercury wastewater treatment system do discharge to the East pond. Brown’s

7

scrubber by-product, due to the dual alkali chemistry of the scrubbers, is disposed of in

8

an on-site landfill. The Culley West pond ceased receiving CCR prior to October 2015

9

and is considered “inactive” under the CCR rule. Historically Vectren South disposed of

10

its half share of CCR materials from Warrick 4 in the Culley West pond. However, the

11

Company’s share of the Warrick 4 ash is currently being recycled, along with fly ash

12

from the Culley and Brown plants, at a cement kiln in Missouri. Vectren South continues

13

to use the Culley East pond for bottom ash and FGD purge and plant process waters,

14

and the Brown pond for bottom ash, plant process waters, and occasionally fly ash,

15

when the Company is unable to load at the river terminal (e.g. high water levels) or the

16

cement plant is taking an outage.

Culley scrubber by-product has always been

17

Q.

How do the CCR requirements apply to the Company’s ash ponds at Culley?

18

A.

Culley West: Available space at the Culley Generating Station is limited. Vectren South

19

needs to close the Culley West Ash pond and reuse the space to construct facilities

20

necessary to comply with the ELG rule. Consequently, the Culley West pond posted a

21

Notice of Intent to initiate closure on December 17, 2015 as required for facilities that

22

were covered by the “inactive” category under the CCR rule as of October 2015. The

23

Company is required to close the ash pond within 5 years of initiating closure and must

24

therefore complete closure by December 2020.

25

preliminary closure activities in late 2018.

The Company intends to commence

The Company plans to construct a new
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1

process water pond on top of a portion of the closed West pond to comply with ELG rule

2

requirements due to the limited space available at the Culley site. A new process water

3

pond must be constructed to control stormwater, including coal pile run-off, and receive

4

other process waters that are currently routed to the Culley East pond. While it is the

5

Company’s intention to continue to use the East pond for the period allowed in the

6

NPDES permit to complete the dry bottom ash and FGD wastewater projects, other

7

considerations such as the need to continue to operate corrective measures as a result

8

of the groundwater monitoring may result in an accelerated NPDES compliance plan.

9

Therefore completion of the new lined process pond by December 2020 will allow for

10

operational flexibility and a change in schedule for closure of the East pond. Petitioner’s

11

Exhibit No. 9, Attachment AMR-2 provides further details concerning this work.

12

Culley East: The Culley East pond passed the safety factor assessment and is currently

13

in use. The Company still uses the Culley East pond for the disposal of bottom ash from

14

Culley Units 2 and 3, FGD purge, and other plant process waters and is not proposing

15

any capital investments at this pond in this proceeding. As noted above, Culley’s fly ash

16

is currently recycled at a cement kiln, and its scrubber by-product is recycled as

17

synthetic gypsum. Vectren South has commenced the required groundwater monitoring.

18

Preliminary groundwater monitoring indicates that the Company will be required by the

19

existing CCR rules to close the Culley East ash pond and commence closure activities in

20

2019. Due to the CCR Rule pond closure requirement for unlined ponds driven by

21

groundwater results, it will be necessary to convert Culley 3 to a dry bottom ash handling

22

system to comply with both the ELG rule (by direct prohibition) and CCR rule (as a result

23

of closure of the East pond). The Company intends to take the necessary self-

24

implementing extensions under the “no alternative disposal” provision to continue to use

25

the Culley East pond through 2023 to allow for the completion of the bottom ash
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1

conversion and installation of the wastewater treatment equipment under the timetable

2

established in the Company’s current NPDES permit.

3

Q.

How do the CCR requirements apply to the Company’s ash pond at Brown?

4

A.

The Brown ash pond passed the safety factor assessment and is currently in use.

5

Vectren South is not seeking recovery of any investments associated with Brown ash

6

pond in this proceeding. As discussed previously, the Brown ash pond is currently used

7

for bottom ash disposal, plant process waters and occasionally fly-ash disposal when the

8

Company is unable to load fly-ash at the river terminal or during periods of outage at the

9

cement plant. The Company has commenced the required groundwater monitoring, and

10

preliminary groundwater monitoring indicates that Company will be required to close the

11

Brown ash pond and commence closure activities in 2019 (unless extended).

12

Company intends to take the necessary self-implementing extensions under the “no

13

alternative disposal” provision to continue to use the Brown pond through final retirement

14

of Brown Units 1 and 2 in December 2023. If Brown were to continue to operate Units 1

15

and 2 after the ash pond commences closure it would be necessary to construct a lined

16

process water pond.

The

17

Q.

Is closure of the Culley West Pond a federally mandated cost?

18

A.

Yes. The need for space to construct facilities necessary to comply with the ELG rule

19

has contributed to the need to close the Culley West pond. I have already explained

20

why the ELG rule qualifies as a federally mandated requirement under I.C. 8-1-8.4-5.

21

Closing that pond requires Vectren South to comply with the CCR Rule which also

22

qualifies as a federally mandated requirement in I.C. 8-1-8.4-5 because it is a

23

requirement imposed on the Company by the federal government in connection with the

24

Resource Conservation and Recovery Act.

The compliance project (closure of the
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1

Culley West pond) is directly related to Vectren South’s compliance with the federally

2

mandated requirement. Consequently, the costs associated with closure of the pond

3

qualify as federally mandated costs.

4

Q.

Will closure of the Culley West pond extend the useful life of Culley Unit 3?

5

A.

Yes.

Vectren South needs to close the pond so that it has a suitable location to

6

construct a new pond that can continue to take non CCR process water discharged from

7

Culley Unit 3 and plant stormwater. Without the space to construct the new process and

8

stormwater pond, continued operation of Culley Unit 3 consistent with applicable

9

regulations would be impossible after the East pond commences closure.

10

Q.

11
12

Has Vectren South developed an estimate of the federally mandated costs
associated with closure of the Culley West ash pond?

A.

Yes. Vectren South has engaged AECOM to develop an estimate of the cost of closing

13

the Culley West ash pond. AECOM has prepared an analysis, under my supervision

14

and direction, estimating the cost of the closure at $19,969,000. A copy of the AECOM

15

report describing the basis for the cost estimates and specifying the work that will be

16

required to close the Culley West ash pond is attached here to as Petitioner’s Exhibit No.

17

9, Attachment AMR-1 (CONFIDENTIAL).

18

Q.

What is the current status of the CCR Rule?

19

A.

Similar to the ELG rule, the CCR Rule was challenged by multiple parties immediately

20

upon finalization. And similar to the ELG rule, implementation of the CCR rule was not

21

stayed pending review by the U.S. Court of Appeals for the D.C. Circuit.

22

Congress passed the Water Infrastructure Improvements for the Nation (“WIIN”) Act

23

which, among other things, authorized greater oversight over technical requirements

24

associated with coal ash permits and allowed for stronger federal and state enforcement
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Prior to the passage of the WIIN Act, the CCR rule was “self-

1

mechanisms.

2

implementing” and could only be enforced through a citizen’s suit. Industry (including

3

the Company) broadly supported the WIIN Act because it gives states such as Indiana

4

authority to implement the CCR Rules with an approved (must be no less stringent) state

5

program. IDEM is currently in the process of drafting its state CCR program.

6

The end result of the WIIN Act is that states will have discretion to determine the

7

appropriate corrective actions that may be necessary when impacts to groundwater have

8

been demonstrated at an ash pond site. The CCR rule has also been included in the

9

Trump administration’s regulatory reform initiative and the EPA has announced it intends

10

to reconsider parts of the CCR rule including its authority to regulate “inactive” ponds

11

and the elimination of alternative groundwater protection standards. While EPA has

12

notified the reviewing court of its intent to reconsider portions of the CCR rule, EPA has

13

not moved to administratively stay the provisions under reconsideration (they are still

14

effective), nor has EPA yet filed a formal notice of proposed rulemaking that would start

15

the comment period for reconsideration.

16

Q.

What is the current status of the litigation challenging the CCR rule?

17

A.

As noted above, the CCR rule was immediately challenged upon finalization in 2015. In

18

September 2017, EPA sought to hold the litigation in abeyance based on its announced

19

intent to reconsider a portion of the CCR rule. The court denied EPA’s request and

20

instead delayed the scheduled oral arguments until the parties could brief the court on

21

the impacts of the WIIN Act on implementation of the CCR rule. Oral arguments were

22

held in November 2017 at which time EPA reiterated its position that the court should

23

hold the judicial review litigation in abeyance while EPA reconsiders portions of the rule.

24

Importantly, EPA did not ask the court to vacate the portions it intends to reconsider, but
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1

instead remand those provisions back to EPA for further action, so all requirements of

2

the CCR rule as finalized in 2015 are still in effect.

3

Q.

4
5

Please describe how recent citizen suits brought under the Clean Water Act could
impact how ash ponds are addressed in a separate legal track from the CCR rule.

A.

Recently environmental groups (mostly in the southeast) have brought citizen suits

6

under the CWA seeking closure and remediation of ash ponds under the CWA, arguing

7

that groundwater contamination emanating from certain ash ponds in other states are

8

polluting adjacent surface waters in violation of the CWA. To date, federal courts in

9

Virginia and Tennessee have found Dominion and TVA, respectively, in violation of the

10

CWA at ash ponds located in those states and ordered those companies to close the

11

ponds and remediate groundwater. As more new groundwater data is generated under

12

the CCR rule, additional pressure to close ponds expeditiously under threat of CWA

13

citizen suits is expected regardless of what EPA does on reconsideration of the CCR

14

Rule.

15

Q.

16
17

How does the reconsideration of the CCR Rule impact the Company’s
environmental compliance strategy?

A.

EPA’s reconsideration of the CCR rule is unlikely to have significant impact on Vectren

18

South’s environmental compliance plans. Currently, and most importantly, all relevant

19

provisions of the CCR rule are in effect and the Company continues to generate

20

groundwater data at the Culley East and Brown ash ponds in compliance with the Rule.

21

The Company needs to continue to expeditiously close the Culley West pond under the

22

Rule as it currently exists today in order to have sufficient space to construct a new

23

process pond and comply with the ELG timelines established in the Company’s NPDES

24

(wastewater discharge) permits. One area of EPA’s reconsideration of the CCR that
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1

could subsequently impact the Culley East and Brown ponds is EPA’s reconsideration of

2

what corrective action measures, if any, may be required prior to final closure of the

3

ponds.

4

While EPA has decided to reconsider portions of the ELG and CCR rules, both rules

5

remain in effect, and it simply would not be prudent to suspend compliance activities for

6

rules that are currently effective – with looming deadlines – to wait and see what may or

7

may not happen in a future reconsideration with an unspecified timeline. Moreover, any

8

attempt to reconsider certain requirements of either rule will be vigorously challenged by

9

environmental petitioners and potentially overturned.

10

C. Clean Power Plan

11

Q.

Please describe the CPP.

12

A.

On August 3, 2015, the EPA released its final CPP rule which required a thirty-two

13

percent (32%) reduction nationwide in carbon emissions from 2005 levels. Specifically,

14

the CPP required that Indiana achieve a final emission rate target goal of 1,242 lb CO2 /

15

MWh by 2030. While the CPP set state compliance targets as emission rate goals, the

16

CPP gave states the flexibility to achieve these targets through participation in a federal

17

allowance cap and trade program through adoption of a proposed Federal

18

Implementation Program (“FIP”). Given the State’s historic commitment to support the

19

continued use of coal, Vectren South assumed for purposes of modeling compliance

20

with the CPP in the Company’s integrated resource planning process that the State of

21

Indiana would not require the widespread retirement of coal-fired power plants to meet

22

stringent system-wide emission rate goals, but instead adopt the more cost-effective FIP

23

that would allow Indiana companies to purchase and/or trade allowances across a wide

24

region.
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1

Q.

What is the current status of the CPP?

2

A.

The final CPP was published in the Federal Register in October of 2015 and immediately

3

followed by litigation initiated by Indiana and 23 other states as a coalition challenging

4

the rule. In February 2016 the U.S. Supreme Court granted the stay request to delay the

5

implementation of the CPP pending completion (up through the U.S. Supreme Court) of

6

judicial rule. Shortly after the grant of the stay by the U.S. Supreme Court, Indiana

7

joined a majority of states that stopped work on drafting individual state implementation

8

plans. Shortly after inauguration President Trump reiterated his campaign pledge to set

9

aside the CPP and withdraw the U.S. from the Paris Climate Accord. In keeping with

10

that pledge the EPA published in October 2017 its notice of proposed rulemaking taking

11

public comment on its proposal to repeal the CPP in its entirety. Recently EPA extended

12

the public comment deadline on the proposed repeal to April 2018.

13

has merely been proposed at this time, it is highly likely that it will be finalized later in

14

2018 given the public position taken by EPA Administrator Pruitt and President Trump’s

15

unwavering stance on removing impediments to burning fossil fuels. At this time it is

16

unclear what the Trump EPA will propose as a replacement rule. EPA has initiated a

17

separate comment period through an advanced notice of public rulemaking which seeks

18

comment on a possible replacement rule.

While the repeal

19

Q.

Does the Trump Administration have to implement a replacement to the CPP?

20

A.

Previously the U.S. Supreme Court has ruled that greenhouse gases are regulated

21

pollutants under the Clean Air Act and EPA must regulate if it determines that

22

greenhouse gases pose a danger to human health and the environment. Shortly after

23

the Supreme Court decision EPA finalized its Endangerment Finding, finding that

24

greenhouse gases endanger public health and the environment. The Endangerment

25

Finding was subsequently upheld by the U.S. Supreme Court in unrelated litigation. In
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1

order to not have the obligation to propose a replacement rule, EPA would also have to

2

repeal or set aside the Endangerment Finding, which would be very difficult given the

3

extensive scientific record supporting the decision.

4

Q.

5
6

What effect does the repeal of the CPP have on the Company’s environmental
compliance plans?

A.

Even before the announcement of EPA’s intent to repeal the CPP, the CPP was not the

7

primary driver of the Company’s resource plan, particularly given the uncertainty around

8

the CPP after the stay was issued. The nearer term impacts of the ELG and CCR Rules

9

and the economics of the Brown plant (as detailed in the Direct Testimony of Wayne

10

Games) are the primary drivers in the Company’s plan to retire the Brown plant.

11

However, a significant benefit of the Company’s generation transition plan is that the

12

plan will significantly reduce Vectren South’s carbon output, minimizing exposure to

13

future regulations that seek to restrict carbon production. In 2030, Vectren South will

14

have achieved carbon emission reductions of 60% below 2005 levels, well above the

15

32% nationwide emission reduction target established in the CPP. Equally important,

16

the Company’s system-wide carbon intensity is expected to drop from a current emission

17

rate of 1,951 lbs CO2 / MMBtu, to a new system-wide emission rate of 840 lbs CO2 /

18

MMBtu, far below the state emission rate target of 1,242 lbs CO2 / MMBtu required in

19

the CPP. Vectren South’s generation transition plan will also result in further beneficial

20

air emission reductions of sulfur dioxide (95%), particulate matter (95%) and nitrogen

21

oxide (82%) from 2005 levels by 2030.

22

D.

23
24

Q.

Other Environmental Requirements

Are there any other significant environmental rulemakings or initiatives that have
impacted or are expected to impact the Company’s coal-fired units?
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A.

In 2010, EPA finalized a first ever one hour NAAQS for sulfur dioxide (SO2) at 75 parts

2

per billion averaged over a one hour block. In 2013 the State and EPA finalized the first

3

round of designations for the one hour SO2 NAAQS. This first round of designations did

4

not impact counties in which the Company’s power plants were located (Warrick and

5

Posey).

6

groups seeking further air modeling.

7

further air modeling for those counties that have source emissions over a threshold

8

amount and establish data requirements guidance for states to use in their modeling.

9

The Brown power plant was identified in this round of new modeling (“round 2”) as a

10

plant that had the potential to emit SO2 over the new one hour standard. As a result of

11

this modeling, IDEM requested that the Company voluntarily agree to a lower SO2

12

emission cap in order to ensure that Posey County remains in attainment of the new

13

standard. The Company agreed to modify the air operating permits applicable to Brown

14

Units 1 and 2 to ensure that the County remains in attainment with the new standard.

15

While the Company has been able to meet this new more stringent SO2 limit at the

16

Brown units, it is very challenging to maintain that level of scrubbing accuracy with the

17

vintage dual alkali scrubber design due to the fact that the large chemical mixing tanks

18

used by the dual alkali scrubbers do not lend themselves to the quick “steering”

19

necessary to meet these increasingly shorter emissions averaging periods.

20

Q.

21
22

After these designations were finalized, EPA was sued by environmental
To resolve the lawsuit EPA agreed to require

What impact, if any, does the one hour SO2 NAAQS have on the Culley power
plant?

A.

IDEM has completed its air modeling for all significant sources of SO2, including Warrick

23

County and the Culley and Warrick power plants. IDEM recommended, and EPA has

24

finalized, final attainment designations for Warrick County without requiring SO2
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1

emission reductions from either the Culley or Warrick plants to meet the one hour SO2

2

NAAQS.

3

Q.

How is the Culley Unit 3 positioned to meet future more stringent NAAQS?

4

A.

Under the Company’s generation transition plan, Culley Unit 3 will remain the

5

Company’s only coal-fired generating unit. Culley Unit 3 was selected due to its state-of-

6

the-art air pollution controls, including a scrubber that employs flue gas desulfurization

7

for SO2 control, selective catalytic reduction technology for NOx control, and a fabric

8

filter for particulate control. Moreover, the co-benefits of each of these controls allows

9

the Company to comply with the mercury and air toxics standards (“MATS”) through the

10

addition of a sorbent injection system that enhances the air toxics removal efficiency of

11

the existing scrubber. And finally, as discussed in more detail in the Direct Testimony of

12

Wayne Games, Culley Unit 3 has the best heat rate of the Company’s coal-fired units,

13

and therefore is the most efficient unit for purposes of meeting any future efficiency

14

target that may be finalized as a replacement for CPP.

15

III. New Generation Permitting

16

Q.

17
18

Please briefly describe the permitting required to construct the new natural gas
combined cycle unit.

A.

As detailed in the Direct Testimony of Wayne Games, Vectren South is seeking

19

authorization to construct a new natural gas combined cycle (“NGCC”) unit at the Brown

20

location.

21

construction permit from IDEM under the Prevention of Significant Deterioration (“PSD”)

22

provisions of the federal Clean Air Act and its state rule counterpart (specifically 326 IAC

23

2-2). One of the primary benefits of building the new NGCC unit at the existing Brown

24

location is to get the benefit of the air emission reductions resulting from the

Prior to commencing construction Vectren South must acquire an air
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1

contemporaneous retirement of the two coal-fired units (Brown Units 1 and 2). This

2

allows Vectren to “net” the increases in regulated air emissions resulting from the

3

construction of the new NGCC against the decreases in regulated pollutants resulting

4

from the retirement of the existing coal-fired units and will allow Vectren South to

5

construct the new NGCC unit without additional significant emission limitations being

6

imposed. As it can take 12 months to finalize a PSD permit, Vectren South intends to

7

submit its air construction permit application in the next 180 days.

8

Q.

Will water discharge permits be required?

9

A.

Vectren South will not be required to immediately apply for a new water discharge permit

10

since the Brown site is currently under a valid NPDES permit. Since the new NGCC unit

11

will not be completed and the Brown coal-fired units retired until 2023, the current permit

12

renewal scheduled for 2022 will include the modifications reflecting the cessation of

13

water discharges from the retired units, the necessary revisions to stormwater

14

management, and the nominal amount of process water that will be discharged from the

15

new NGCC unit.

16

IV.

CONCLUSION

17

Q.

Does this conclude your prepared direct testimony?

18

A.

Yes, at this time.

19
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December 11, 2017

Mr. John Minnette
Technical Services Manager
FB Culley Generating Station
RE:

Vectren CCR Compliance Program; F.B. Culley West Pond Hybrid Closure
90% EPC Cost Estimate

Dear Mr. Minnette
AECOM is pleased to provide this estimate for engineering, procurement, and construction (EPC) for the closure described
in our included design documents of Vectren Corporation’s (Vectren) coal combustion residuals (CCR) West Pond at F.B.
Culley Generating Station.
This document presents a cost estimate for the closure based on the 90% design package presented to Vectren. These cost
estimates presented are Class 3 based on the AACE RP no.18R-97 standard with an accuracy range of (-20% to +30%).
We look forward to your feedback and providing continued support to Vectren as we work together on this important
program for CCR compliance.
Sincerely,

Julie Harkin
Capital Project Manager
julie.harkin@aecom.com

Steven Kosler
Business Development Manager
steven.kosler@aecom.com
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Cost Estimate
Cost Estimate Summary

This section presents the cost estimate for the pond closure based on the 90% design package (Rev. C). The cost estimate
has been updated to reflect the revised 90% design package and is presented as a Class 3 level cost estimate using the
AACE RP no. 18R-97 standard. The accuracy range is -20% to +30% of the estimated value.

Cost Estimate Summary Table
FB Culley
West Pond
Closure
90% Design

Engineering/Procurement
Eng. and Proc. Services
CQA Services
ODCs
Geo Testing
Total Insurance
CM and Construction
CM Services and ODCs
Pond Construction
(based on 18 mo. duration)*
Piping Construction
Remaining Design & Construction Details
Engineering
CM
Construction
Fee (10%)
Total**

$19,969,000

* Construction cost includes performance bond.
** Refer to the key assumptions and considerations discussed later in this report.
The costs presented in this package are based on the scope of work, schedule, and 90% design information. The costs
presented are contingent upon mutually agreeable terms and conditions to execute the work. As project guarantees are
negotiated and understood, the costs presented above will be subject to adjustment. No adjustment for guarantees is currently
included with these costs. The costs are based on 2017 dollars and do not include escalation. No sales tax is included. Costs
are reflective of standard AECOM insurance provisions.

AECOM

.

Proprietary and Confidential

Cause No. 45052
Petitioner's Exhibit No. 9, Attachment AMR-1 (Public)

Vectren Corporation

Cost Estimate Summary – “In Service” Cost Detail
This section presents the cost estimate for the pond closure based on the 90% design package (Rev. C) with the cost for the
“in service” portion broken out. The “in service” cost consists of the placement of structural fill (219,000 CY) in the Buffer Area
and beneath the contact stormwater pond, as well as the construction of the contact stormwater pond itself. The cost estimate
is presented as a Class 3 level cost estimate using the AACE RP no. 18R-97 standard. The accuracy range is -20% to +30%
of the estimated value.

Cost Estimate Summary Table
FB Culley
West Pond
Closure
90% Design

Engineering/Procurement
Eng. and Proc. Services
CQA Services
ODCs
Geo Testing
Total Insurance
CM and Construction
CM Services and ODCs
Pond Construction
(based on 18 mo. duration)*
“In Service” Construction Portion
Piping Construction
Remaining Design & Construction Details
Engineering
CM
Construction
Fee (10%)
Total**

$19,969,000

* Construction cost includes performance bond.
** Refer to the key assumptions and considerations discussed later in this report.
The costs presented in this package are based on the scope of work, schedule, and 90% design information. The costs
presented are contingent upon mutually agreeable terms and conditions to execute the work. As project guarantees are
negotiated and understood, the costs presented above will be subject to adjustment. No adjustment for guarantees is currently
included with these costs. The costs are based on 2017 dollars and do not include escalation. No sales tax is included. Costs
are reflective of standard AECOM insurance provisions.
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Cost Estimate Remaining Design & Construction Details
AECOM has included “Estimated Remaining Design and Construction Details” costs in the total project cost estimate which
represent uncertainties anticipated in the execution of the EPC project, and should be considered in addition to the accuracy of
the estimate. Each major cost element was assigned a remaining design cost based on the degree of project definition.
Construction costs were established by conditioning the subcontractors’ proposals for technical and commercial
completeness.

Construction Estimates
After the 60% design package had been issued for bid, the design progressed to the 90% design level with the addition of the
process “triangle” pond and associated process pond outlet piping to Outfall 001. Subsequent to the completion of the 90%
design (Rev. A), AECOM developed a revised 90% design (Rev. B) that was intended to review and revisit the design basis in
order to identify potential improvements and cost efficiencies arising from regulatory or program changes. Briefly, the program
and regulatory changes driving the revised 90% design included:
-

The West Pond was originally defined as an “inactive” CCR surface impoundment based on the Federal CCR Rule and
was therefore able to take advantage of the “early closure” provisions if the pond was closed by April 17, 2018. On
June 14, 2016, this Section was vacated and no longer applies, and the West Pond is therefore subject to all
requirements applicable to existing CCR surface impoundments.

-

Groundwater levels were measured by Haley & Aldrich in April 2017 and the data provided to AECOM indicated
elevated groundwater levels within the West Pond. There is concern that more CCR material than previously thought
may be located below the groundwater table.

-

Further evaluation of historical drawings show that the original Pigeon Creek alignment used to run in close proximity to
the existing south dam of the West Pond and near the proposed Buffer Area.

-

Vectren has made the decision to continue to operate the plant and utilize the East Pond for CCR management. The
proposed process pond is expected to receive additional process flows after 2023 following the scheduled closure of
Power Unit 2.

-

The Indiana Department of Environmental Management (IDEM) has made the decision to amend their Solid Waste
Management Plan to include updated CCR regulations by the end of 2018.

After the 90% technical package (Rev. A) was revised in light of these considerations, AECOM developed a bid package
based on the 90% technical package (Rev.B) and issued it for bid. Bids were received from the following construction
subcontractors:

-

R.B. Jergens Construction Services

-

W.B. Koester Construction, LLC

-

Charah, LLC

-

NorthStar Demolition and Remediation

-

Blankenberger Brothers, Inc.

AECOM reviewed each bid for its completeness, health safety and environmental standards, experience, proposed work plan,
cost, schedules, and clarifications. AECOM developed commercial and technical bid tabs for internal evaluation. As a result of
this evaluation, AECOM determined that all bidders provided complete and executable bids for the work scope; however,
Charah’s bid was removed from consideration due to a total bid of approximately twice the average cost of the other four
bidders.
Upon final evaluation, AECOM elected to use averages of the remaining subcontractors’ (R.B. Jergens, W.B. Koester,
NorthStar, and Blankenberger) bids as the basis of the construction cost for the construction estimate. These averages were
adjusted where appropriate based on AECOM’s engineering judgment to remove non-representative costs from the
construction estimate.
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Key Assumptions and Considerations
The following list identifies several key assumptions and considerations that pertain to the 90% design and the proposed
construction, and therefore, are relevant to the EPC cost estimate:
-

The design anticipates that the construction subcontractor will utilize a positive dewatering system to lower the
groundwater table to below the base of excavation, prior to beginning excavation activities. The steeper slopes shown
will then be cut into dewatered ash. It is the subcontractor’s responsibility to design and implement an appropriate
dewatering system to allow this to occur.

-

While NorthStar Demolition and Remediation has submitted positive dewatering costs that include both well point and
deep well dewatering systems, R.B. Jergens Construction Services, W.B. Koester Construction, LLC, and
Blankenberger Brothers, Inc. have submitted costs applying to well point dewatering systems only. If a deep well
dewatering system is required, significant additional cost may be incurred (depending on the subcontractor between
$650K and $1M).

-

R.B. Jergens Construction Services, W.B. Koester Construction, LLC, and Blankenberger Brothers, Inc. have excluded
costs for repair, reconstruction, or resurfacing of roads damaged by deliveries of soil, construction materials, or
aggregates.

-

Existing materials resulting from demolition, including the existing West Pond pumping station, piping, concrete, etc. that
has been in contact with CCRs will be disposed with the CCR fill area below the CiP final cover system. All vegetation
that is removed from within the project site will be disposed off-site.

-

The excavation and restoration plans, along with the SWPPP (stormwater pollution prevention plan), have not been
prepared for the two identified off-site soil borrow areas. The construction cost excludes all materials and labor
associated with construction of drainage discharge features outside the sedimentation basin and beyond the limits of the
excavation area for both of the soil borrow areas. Property purchase costs associated with the two off-site borrow sites
are also excluded.

-

Pricing for geosynthetic materials may fluctuate and are typically only valid for 30-days and may increase between the
date of this estimate and the actual construction period.

-

The process pond gravity outfall piping was bid separately. Due to the nature of the work the installation would be done
by a mechanical subcontractor. A budgetary price was received from Sterling Boiler for this work and is included in the
line item titled Piping Construction.
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1 Introduction

1.1

Executive Summary

The F.B. Culley Generating Station (Culley), located in Warrick County, Indiana, is owned and operated by
Vectren Corporation (Vectren). The Culley Station consists of two coal combustion residual (CCR) surface
impoundments, identified as West Ash Pond and East Ash Pond. The West Ash Pond had ceased receiving CCR
materials and became “inactive” as defined by the Environmental Protection Agency’s (EPA’s) Final CCR Rule1
(Final Rule) on October 19, 2015 and Notice of Intent to Initiate Closure (NOI) was submitted by Vectren on
December 17, 2015. The West Ash Pond is scheduled to be closed in accordance with both requirements of the
Final Rule and the Indiana Department of Environmental Management (IDEM) Office of Land Quality “Surface
Impoundment Closure Guidance” (Closure Guidance). According to the Closure Guidance, the West Ash Pond’s
final cover system must comply with the design criteria published in Part 329 of the Indiana Administrative Code
(IAC), Article 10, Rule 30-2 (329 IAC 10-30-2)2.

1.2

Organization of This Report

This report presents the site overview; site characteristics evaluated and approaches undertaken for the closure
design and concomitant calculations ; Hydraulic and Hydrologic (H&H) modeling including HydroCAD and HY-8
software and calculations of these analyses; and Geotechnical engineering analyses and concomitant
calculations.
1.
2.
3.
4.

Section 1 provides an Executive Summary of the project scope.
Section 2 characterizes the existing site and summarizes the proposed closure design alternative.
Section 3 summarizes the approach taken for the H&H Engineering analysis with HydroCAD and HY-8
Section 4 presents the results of the analysis of the proposed closure design alternative from a
geotechnical engineering standpoint.
5. Section 5 provides references used to compile this report.
6. Section 6 provides the limitations of the design analyses discussed in this report.
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2 Closure Design

2.1

Overview

The F.B. Culley Generating Station (Culley Station) is located in Warrick County, Indiana and is owned and
operated by Vectren Corporation (Vectren). The Culley Station consists of two coal combustion residual (CCR)
surface impoundments, identified as West Ash Pond and East Ash Pond. While the East Ash Pond actively
receives CCR materials the West Ash Pond has ceased receiving CCR materials to become “inactive” as defined
by the Environmental Protection Agency’s (EPA’s) Final CCR Rule (Final Rule) on October 19, 2015. As a result,
the West Ash Pond is scheduled to be closed in accordance with requirements of the Final Rule and within three
years of the published date of the Final Rule, or April 17, 2018. Additionally, the “Surface Impoundment Closure
Guidance” (Closure Guidance) established by the Indiana Department of Environmental Management (IDEM),
Office of Land Quality serves as additional closure criteria for the West Ash Pond. According to the Closure
Guidance, the West Ash Pond final cover system must comply with the design criteria found in Part 329 of the
Indiana Administrative Code (IAC), Article 10, Rule 30-2 (329 IAC 10-30-2).
Vectren provided existing site features, utility location, topographic mapping, and survey information. The
aforementioned information was based upon ground surveys conducted by Three-I Engineering, Inc. in March,
2011, and subsequently updated in January, 2016. This information was further supplemented by the As-Built
Aerial Survey performed by Lochmueller Group in December, 2016. This information is assumed to be the best
available for the site.
The design will meet requirements found in 329 IAC 10-30-2 without any exceptions.

2.2

Original Impoundment Design

The approximately 32-acre West Ash Pond is located west of the coal storage pile as shown in the Existing
Conditions Plan in the Engineering Plans. Original design plans indicate that this pond was constructed in the
1950’s by placing fill along the south side (i.e., adjacent to the Ohio River) and the east side, and tying into
existing high ground at the north and west sides. Bottom elevation of the pond was set approximately at 365’
but followed the natural topography and gradually increased in elevation as the pond extended north. The Little
Pigeon Creek was originally routed through the footprint of the West Ash Pond before being re-routed east of
the Culley Station at the time of the original construction in the 1950’s. As such, the east and west
embankments of the West Ash Pond extend to the bottom of the creek bed which is at an approximate
elevation of 340’. The top of the embankment was constructed to an approximate elevation of 393’ with a small
portion in the northeast corner extending to an elevation of 402’. Interior side slopes of the pond vary, but
original design documents indicate that the slopes are 2H:1V along the south embankment and 2.5H:1V on the
east and west embankments. The original construction drawings indicated that the sub-base of the pond was
composed of native soils. The original construction drawings are provided in Appendix D of the Closure Plan.
There are no construction records available which document the method of construction or if any compactive
effort was made into the placement of the fill for the earthen embankments. In June, 2015 Cardno ATC (Cardno)
conducted a geotechnical investigation of the south embankment at the West Ash Pond. AECOM later
conducted additional investigations at the West Ash Pond in February 2016 and in July 2017. The investigations
indicated that the materials of construction of the south embankment were predominately medium dense sand
fill that contained varying amounts of silt and gravel at depths ranging 18’- 28’ below the top of the
embankment. Layers of apparently natural, very soft to stiff, silty clay, sandy clay and sandy silty clay were noted
below the embankment fill (or below ash materials, within the pond footprint) up to depths of 20’ - 52’ below
the top of embankment. Below the natural clays, the soils consist of very loose to medium dense sand, sandy silt
and silty sand up to depths of 60’ - 80’ below the existing ground surface. Almost all soil borings drilled within
the West Ash Pond footprint have indicated the bottom of ash to be between 20’ – 25’ below existing surface
grades, except along the alignment of the previous (now buried) Little Pigeon Creek channel. Along this channel,
the depth of ash extends up to 48 ft below surface grades, which indicates that the creek bed was not backfilled
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with fill soils during construction of the West Ash Pond but rather was filled with ash during the course of
sluicing operations into the pond over its service life.
Current conditions of the south embankment at the West Ash Pond indicate that the crest of the south
embankment is approximately 40’ wide and is covered with crushed stone that is regarded to be in good
condition. The interior slope above the water line is sparsely vegetated with brush and weeds and is relatively
steep, apparently due to past dredging operations. The exterior slope is mostly covered with riprap and concrete
rubble, with brush and trees present beyond the toe of the existing slope. Based upon topographic mapping
provided, the exterior slope of the embankment varies between approximate slopes of 2.5H:1V to 1.9H:1V. The
normal pool elevation in the West Ash Pond is typically maintained at an operating level of 390’ by a pumping
station that circulates water from the impoundment back to the Culley Station. As of June, 2017, Vectren began
dewatering the West Ash Pond and has maintained the water level at approximately 370’ using a localized sump
adjacent to the existing pumping station. It is Vectren’s stated intent that they plan on maintaining this lower
water level until closure.

2.3

Volume of Waste (CCR)

The volume of waste (CCR) currently present in the West Ash Pond is defined as the three dimensional volume
from the top of the existing CCR surface to the bottom of the pond subgrade surface. A combination of
bathymetry, aerial survey and ground surveys were used to develop the surface representing the existing grades
within the pond boundary for areas both below and above the water surface. The top of the CCR surface was
determined by combining the bathymetric survey provided by Vectren on December 5, 2016 with the elevation
data from the aerial survey by Lochmueller Group from December 2016. The original West Ash Pond subbase
grades were determined from the original construction drawings by Commonwealth Associates, Inc. dated July
16, 1957, and combined with aerial data from Three-I Engineering, Inc. in March 2011 and ground survey data
from 2015 to include portions of the pond embankment above the water line. The volume of existing CCRs
within the pond was calculated as approximately 937,720 cubic yards (as of December 2016). No additional CCR
materials have been deposited in the pond since that time.

2.4

Discharges to West Ash Pond

The
West Ash Pond ceased receiving CCR waste
flows on October 19, 2015.
Current discharges to the West Ash Pond consist of stormwater runoff and contact stormwater flows.
Stormwater runoff consists of runoff from the operating plant, parking areas and green spaces adjacent to the
north area of the Culley Station. Contact stormwater flows consist of stormwater that has contacted non-CCR
materials (e.g., coal pile) and associate areas, but may contain trace levels of non-CCR contamination. A
breakdown of the current discharges to the West Ash Pond is as follows:
•
•
•
•
•
•
•
•
•

Unit #2 Yard Sump
West Yard Sump
Coal Pile Runoff
Employee and Visitor Parking Runoff
Substation Area
Green Space North of Operating Plant
Unit #3 Boiler sump pumps
Clarified OH River water
Unit #3 oil trap tank

Base flows into West Ash Pond were approximately 0.144 million gallons per day (MGD), or 0.26 cubic feet per
second (cfs).

2.5

Site Description

The F.B. Culley Generating Station (Culley Station) is located on a terrace that is above the Ohio River’s normal
pool elevation of 365’. Based on original construction drawings for the operating plant, fill was placed to reach
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the plant floor elevation of 393’. The Culley Station is a three-unit coal-fired power plant with a total electricity
generation capacity of 369 megawatts (MW).
•
•
•

Unit #1 was retired in 2006.
Unit #2 (90 MW) is still operational.
Unit #3 (270 MW) is base loaded.

The East Ash Pond remains active and is currently receiving CCR materials as well as other contact and
stormwater flows. The pond covers approximately 10 acres and contains bottom ash sluiced from Units #2 and
#3 as well as ball mill reject slurry and scrubber blowdown. As previously mentioned, the West Ash Pond is
inactive and does not receive CCR materials. The pond covers approximately 32 acres and formerly received
bottom ash from Unit #2, run off from the coal pile, and process water from miscellaneous sumps at Unit #2.
Unit #3 has a baghouse and conveys dry fly ash to an ash silo. Unit #2 has a precipitator and conveys dry fly ash
to the ash silo. Units #2 and #3 have a common wet limestone forced oxidation scrubber that was installed in
1994. Fly ash and gypsum from the Culley Station is transported off site to be beneficially used by another
company.
The Culley Station has an area east of the entrance road that was formerly an ash pond and was closed
approximately ten years ago in accordance with the Indiana Department of Environmental Management’s
(IDEM) solid waste regulations for Municipal Solid Waste (MSW) landfills. There is a sole permitted National
Pollutant Discharge Elimination System (NPDES) discharge for the entire plant site, including circulating water
from the once-through cooling system and ash pond discharge water. The discharge rate from NPDES Outfall
#001 is 271.5 MGD.

2.6

Site Geology

The site is located on the west flank of the Cincinnati-Kankakee Arch, in the Boonville Hills physiographic
subdivision of the Southern Hills and Lowlands Region of Indiana. Bedrock at this site is mapped as the
Pennsylvanian Carbondale group, which consists mostly of shale and sandstone with thin beds of limestone, clay
and coal. The nearest mapped fault is about 12 miles east of the site in Spencer County, Indiana. Ground shaking
from earthquakes would likely result from fault movements within either the New Madrid Seismic Zone, which is
located in southeastern Missouri, or the Wabash Valley Fault System in southwestern Indiana.
The unconsolidated materials that overlay bedrock are rather complex. Units mapped as alluvium and outwash
(primarily sand and gravel) are present near the Ohio River, with loess (wind-blown) and lacustrine (lake-bed)
deposits mapped away from the river. The bluffs on the north and east portions of the Culley Station are
mapped as loess and the materials in the western portion, which is a low, flat plain, are mapped as lacustrine
deposits from flooding of the Ohio River during the late Pleistocene, when the Ohio River served as a major
glacial meltwater sluiceway. Silt and clay, reaching thicknesses exceeding 100 feet to the west of the area
investigated, were deposited in water that ponded in the tributaries to the Ohio River, while sand and gravel
were deposited in the main channel.
2.6.1

Site-Specific Subsurface Conditions

Multiple geotechnical investigations have been performed within and in the area surrounding the ash pond
system at Culley Station. These include the following:
•

A subsurface exploration performed by Cardno ATC in the Spring of 2015, and intended to collect
geotechnical information for preliminary slope stability evaluations of the embankment.

•

A subsurface exploration performed by AECOM in January 2016, and designed to collect geotechnical
information to support closure of the impoundment.

•

A drilling program performed by Haley and Aldrich in February 2016. This program installed
groundwater monitoring wells around the perimeter and in the vicinity of the West Pond, including at
the south embankment of the pond.

Cause No. 45052
Petitioner's Exhibit No. 9, Attachment AMR-2

January 2018

AECOM

•

F.B. Culley Generating Station
West Ash Pond Closure
Basis of Design Report – 90% Design Submittal

2-4

A subsurface exploration performed by AECOM in July 2017, intended to collect subsurface information
in the vicinity of the previous (now buried) channel of the Little Pigeon Creek within the footprint of the
West Pond.

These explorations revealed the following stratigraphy at the West Ash Pond:
Embankment Fill Materials: Embankment fill materials generally consisted of loose to medium dense sand with
Unified Soil Classification System (USCS) classification of SP.
Ash Materials: Ash materials were encountered at the ground surface in all borings drilled within the footprint
of the Pond. In general, the encountered ash consisted of fine-grained material (fly ash) with apparent density
ranging from very loose to loose. The bottom of ash ranged from El. 376± ft to El. 340± ft, and the ash column
was typically 20 to 25 ft thick across the pond. The deepest ash deposits were encountered along the alignment
of the former Little Pigeon Creek channel (where ash thickness was up to 48 ft), indicating that the channel was
filled with ash materials.
Native Fine-Grained Soils (Alluvial): Below the ash and embankment materials, native fine-grained alluvial soils
(USCS classifications of CL or ML) were encountered across the Pond footprint, under the South Embankment,
and directly below ash within the former Little Pigeon Creek channel. This stratum layer had a thickness ranging
between 2.5 to 30 ft with consistencies ranging from soft to very stiff. The deposit is considered to be
moderately compressible.
Native Sand (Alluvial): Beneath the native fine-grained soils, alluvial sand (USCS classifications SP, SP-SM) was
first encountered in the ash pond and embankment borings at depths ranging from 13.5 to 52.5 feet bgs (El. 376
to El. 335 ft). The sand stratum had a thickness ranging from 8 to 88 feet. Apparent density ranged from very
loose to dense, generally increasing with depth into the deposit. Loose to medium dense zones of this deposit
are considered to be prone to liquefaction under the design earthquake event (an event with 2% probability of
exceedance in 50 years).
Weathered Rock: Weathered rock mostly composed of shale was encountered below the sand deposit. The
depth to weathered rock ranged from 27 to 126 ft bgs (El. 365 to El. 269 ft), with the depth to shale increasing
from north to south.

2.7

Closure Design

The West Ash Pond closure will consist of the following activities:
•
•
•
•
•
•
•

Removal of existing free water from the surface of the West Ash Pond;
Dewatering of the CCR materials to the extent required to allow for the safe excavation of CCR materials
from the Closure by Removal Area (CbR) identified in the Engineering Plans and their subsequent
relocation within the West Ash Pond footprint;
Excavation of CCR-impacted soils underlying the CCR materials from the Closure by Removal (CbR) area
identified in the Engineering plans and their subsequent relocation within the West Ash pond footprint;
Construction of earthen Contact Stormwater Pond berm and buffer area embankment with structural fill
soil;
Installation of the geosynthetics for the proposed Contact Stormwater Pond;
Construction of the final cover system for the portion of the West Ash pond where CCR materials will
remain Closed-in-Place (CiP); and
The construction of stormwater runoff channels for discharge to the Ohio River.

The portion of the West Ash Pond where CCR materials will remain and thereafter be capped by a final cover
system is identified in the Engineering Plans as the Close-in-Place (CiP) area. The final contours consist of a
minimum of two percent grades (2% or 50H:1V) over top of the final cover system and a maximum of twenty
five percent grades (25% or 4H:1V) on the side slopes of the final cover system. Stormwater falling on the flatter
(2%) areas of the cover system will be directed to the two flow channels (also sloped at 2% in the flow direction)
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located overtop of the final cover system. Stormwater falling overtop the side slopes of the closure cap system
will drain radially via sheet flow to the perimeter of the CiP area. All stormwater runoff from over top of the final
cover system is, therefore, directed to the perimeters of the closure system outside of the CiP area and
conveyed into perimeter drainage channels which are set at a minimum grade of half percent (0.5%). The
stormwater runoff is then conveyed via the drainage channels to a single proposed stormwater outlet structure
locate at the bank of the Ohio River and will be discharged via a new National Pollutant Discharge Elimination
System (NPDES) permitted outfall. The proposed final grades will effectively promote runoff from the top slopes
of the final cover to prevent ponding of water on top of the final cover system. These final grades will be
capable of supporting vegetation to minimize erosion, site infiltration and site maintenance.
Establishment of vegetative growth will minimize wind and water erosion of the final protective cover.
Vegetative growth established in diversion berms and ditches also aids in minimizing erosion. The seed mixture
will consist of a diverse mix of native and introduced species consistent with the post closure land use. This seed
mix will be compatible with local climatic conditions and will be a self-sufficient type of vegetation that will
require little to no maintenance. Upon completion of seeding, areas shall be adequately mulched with straw to
retain moisture. Erosion control such as netting, soil stabilization, etc. shall also be provided where needed to
minimize erosion of soils.
The final cover will be installed over existing and relocated CCR materials and will be designed to minimize
surface water infiltration (thus minimizing leachate generation), support vegetation, and minimize the adverse
impacts of changes in climate and to provide an aesthetically acceptable final surface. The selected final cover
system consists of a low permeability layer and an overlying final protective layer. The final cover system
configuration for the West Ash Pond consists of the following components, from top to bottom:
•

6-inch Topsoil Layer

•

24-inch Protective Soil Layer

•

Geocomposite Drainage Layer

•

40 mil LLDPE Textured Geomembrane

The area of the West Ash Pond where the CCR materials will be removed by means of excavation is identified as
the Closure-by-Removal (CbR) area. The CbR area will be dewatered sufficiently in accordance with the
Dewatering Plan to allow for safe excavation and handling of the CCR materials. A conceptual-level Dewatering
Plan is provided on the Engineering Plans; however, a detailed Dewatering Plan including the Contractor’s
means and methods will be prepared by the contractor. The CCR materials will be excavated to native ground
surface to the limits shown on the Engineering Plans and relocated within the footprint of the CiP area. Once
native grade is reached, the exposed soil will be further excavated to a depth of 2’ or to such an extent as visual
observation determines that the CCR-impacted soil has been completely removed. Due to regulatory
uncertainties, as of the date of this report, it is not known whether soil samples will be obtained for chemical
analysis and compared to site-specific background criteria to verify that all CCR-impacted soil from the CbR area
has been removed.
Once CCR-impacted soil from the proposed Contact Stormwater Pond area and the portion of the proposed
Buffer Area east of the existing pump station and south of the proposed Contact Stormwater has been
excavated and relocated to the CiP area, the resulting excavated area will be backfilled with clean structural fill
soil to native ground surface elevation. The Contact Stormwater Pond berm and the proposed south
embankment, identified as the Buffer Area, will then be constructed. The interior slopes of the Contact
Stormwater Pond will be constructed to a maximum slope of 2.5H:1V and the exterior slopes to a maximum of
3H:1V. Where excavation slopes are steeper than those used in the Contact Stormwater Pond, those slopes will
require clean structural fill to reduce the slope to the required 2.5H:1V. The Contact Stormwater Pond Berm,
existing embankment slopes in the Contact Stormwater Pond, and Buffer Area will be constructed with clean
structural fill to the lines and grades shown on the Engineering Plans. The structural fill will be installed in
controlled lifts and compacted in accordance with the Construction Quality Assurance (CQA) Plan.
Cause No. 45052
Petitioner's Exhibit No. 9, Attachment AMR-2

January 2018

AECOM

F.B. Culley Generating Station
West Ash Pond Closure
Basis of Design Report – 90% Design Submittal

2-6

Upon completion of the installation of the structural fill for the Contact Stormwater Pond Berm and existing
embankment slopes, a geosynthetic liner system will be installed over the floor and sideslopes of the proposed
Contact Stormwater Pond. The geosynthetic liner system for the Contact Stormwater Pond consists of a
geomembrane and materials placed overtop the geomembrane to protect against puncture and other damage.
The liner system will have the following configuration, from top to bottom:
•

12” INDOT Revetment Riprap layer (floor only)

•

6” Sand Layer (floor only)

•

60 mil HDPE Geomembrane

• 24” min. Structural Fill Subgrade
The side slopes of the Contact Stormwater Pond will have a 4” Concrete Mat (Fabriform) placed as a protective
layer overtop the geomembrane, instead of the sand and riprap layers. The Contact Stormwater Pond will have a
riser structure and a system of discharge piping to convey the contact stormwater from the pond to the Unit 2
basement of the Culley Station (Refer to Section 3.1.3).
Each of the final cover system components, structural fill, geosynthetic liner system components and all other
associated materials will be installed in conformance with the criteria listed in the CQA Plan.
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3 Hydraulic and Hydrologic (H&H) Engineering

3.1

Hydrologic Analysis

To assess the capability of the cap and ditches to convey the storm flows, a hydraulic model was created in
HydroCAD 10.00-12. HydroCAD has the capability to evaluate each subcatchment and ditch within the network,
to respond to variable tailwater, permit flow loops, and reversing flows. HydroCAD routing calculations
reevaluate the ditch and outfall systems’ discharge capability at each time increment, making the program an
efficient and dynamic tool for this evaluation. This model was developed based upon existing contour data
provided by Vectren, field data collected by surveyors from both AECOM and Vectren, and site plans designed
by AECOM. The general site configuration as set up in HydroCAD with an aerial imagery overlay is presented in
the figure below.

Figure 1 HydroCAD model schematic
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Watershed Delineation and Runoff Variables

Hydrologic analysis began with the delineation of watershed boundaries. These boundaries were drawn based
upon proposed grading and existing topographic data for the site. Data inputs such as area, runoff curve
number, and time of concentration were entered into the model for each subcatchment. Curve numbers were
assigned to each subcatchment based on the type of land cover present. For the subcatchments located outside
of the power plant and pond areas, a curve number for “Open space, grass cover > 75%”, “Open space, grass
cover 50% to 75%”, or “Urban industrial, 72% impervious” was given based on observations of aerial imagery.
Type D Hydrologic Soil Group characteristics were used for subcatchments where capped-in-place material is
present (1S, 3S, 4S, 5S, 19S,) due to the low infiltration characteristics of the cap soil. Type B Hydrologic Soil
Group characteristics were used for all other subcatchments outside of the proposed cap area in the model. This
information was obtained through the United States Department of Agriculture Web Soil Survey website and
proposed site conditions.
The design storm value of 4.73 inches was entered into the model based on rainfall frequency maps provided by
the Indiana Department of Environmental Management and the Huff 1 – 10 square mile, 3rd Quartile 6-hour
rainfall distribution was used.
3.1.2

Storm Routing and Pond Hydraulics

Stormwater routing for the site is generally divided between “non-contact” and “contact” stormwater, the
distinction being that stormwater coming into contact with CCR materials will need to be treated prior to
discharge. Stormwater from the CiP area and CbR area will be routed through ditches to the newly permitted
NPDES stormwater outfall to the Ohio River. Non-contact stormwater from the east side of the site will be
captured by newly constructed roadside ditches that will connect and discharge to ditches within the clean-close
area. Contact stormwater from the main access road and coal pile will be directed to the newly constructed
Contact Stormwater Pond to settle accumulated contaminated particulates.
The ditches on the perimeter of the CiP area and the roadside ditches were defined in the model as reaches.
Reaches within HydroCAD are defined by channel type (pipe, rectangular or trapezoidal channel, etc.) and
section information (bottom width, side slopes, channel depth, etc.). The information for channel geometry was
input iteratively by using the inflow information provided by the model and doing spreadsheet calculations to
ensure a minimum freeboard of 0.5 feet was maintained within all ditches. This method will be discussed later in
this report. Ditches within the CiP area are represented in subcatchments 4S and 5S within the time of
concentration variable.
One catch basin is input into the model (6P) to represent the point at which the outlet from the Contact
Stormwater Pond discharge piping connects to the piping leading to the discharge tunnel in the basement of
Unit 2. This was necessary in order to properly calculate the hydraulics in the proposed drop structure to the
existing discharge tunnel. Information input into the model for this catch basin came from structural drawings
provided by Vectren and the proposed orientation of the new discharge pipe.
There are four ponds entered into the model (1P-4P). Pond 1P represents the joining point for non-contact
stormwater ditches that discharge to the Ohio River and the ponding that will occur there during the design
storm. This pond has a primary and secondary outlet of a broad crested weir. The primary broad crested weir is
the entrance to the spillway down the existing dam embankment and the secondary weir is set at the top
elevation of the ditches leading into the spillway. Flow to the secondary weir would indicate the ditches are
flooded, which is expected to occur under the 100yr flood elevation for the Ohio River. Pond 2P represents the
proposed Contact Stormwater pond. This pond has a primary outlet of a grate structure leading to a 24 inch
high-density polyethylene (HDPE) pipe. The secondary outlet from this pond is a broad-crested rectangular weir
set at El. 388’ (NAVD 88 vertical datum applies throughout this report), the highest elevation of the pond berm.
Flow to this weir would indicate an overtopping of the pond, which must be avoided during the design storm
assessed in this analysis. Stage-storage information for 1P and 2P were inserted into to the model based on
proposed grading. Necessary input information for custom stage data includes elevation, surface area,
perimeter, and storage volumes all of which were measured in AutoCAD Civil 3D. Pond 3P represents the Ohio
River and was defined with arbitrary stage storage information and El 383.5’, representing the 100-year flood
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elevation for the river. Pond 4P represents the Culley East Process Pond. Input information for this pond came
from survey data gathered by AECOM and schematic drawings provided by the client.
A detailed summary of the HydroCAD model is provided in Appendix 1-A.

3.1.3

Outfall Description

Non-contact stormwater from the CiP area, CbR area, and proposed ditches will all be directed toward a grouted
riprap spillway down to the Ohio River.
The Ohio River has a normal water surface at El. 365’. As the spillway is hydraulically connected to the Ohio
River, the discharge out of the spillway is influenced by the flood flows of the river. As such, within the
HydroCAD model the Ohio River was set at El. 383.5’ per the 100-year flood elevation designated by FEMA. All
modeling results are as if the Ohio River were flowing at this elevation. The FEMA flood maps used in the
analysis can be found in Appendix 1-D.
Contact stormwater will discharge from the Contact Stormwater Pond through a riser structure located in the
southeast corner of the pond. The riser structure will have a 48 inch diameter pre-cast concrete manhole
structure with an opening at El. 385.5’ which connects to a 24 inch culvert with an invert at El. 383’. The riser
structure will act as a weir during low head conditions and as an orifice when the water surface elevation
submerges the horizontal opening of the riser structure. Figure 2 shows a schematic of this outlet structure.
The 24 inch culvert connecting to the riser structure maintains a 0.16-18% slope until it reaches the basement of
Unit 2. This culvert will tie in to the existing piping in the basement of Unit 2 at El. 381’. Within the basement of
Unit 2 is an existing tunnel that currently discharges Contact Stormwater and stormwater from both the Culley
East and Culley West Ash Ponds. The culvert will tie in to this existing tunnel in order to allow discharge to the
Ohio River via NPDES Outfall # 001.

Figure 2 Contact Stormwater Pond Riser Structure
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Assumptions

Based on the existing information available, the following assumptions were made when preparing the
HydroCAD model:

3.2

•

Based on topography, it was evident the northeast corner of the site boundary flows offsite and does
not contribute to the West Ash Pond drainage area. Therefore, this area was not included in the
analysis.

•

Stormwater runoff from Subcatchments 13S-15S is assumed to be ‘non-contact’ stormwater runoff. This
means it does not come into contact with contaminated plant areas where stormwater runoff could
include materials like coal or other CCRs that would require treatment prior to discharge to the Ohio
River.

HydroCAD Results

The following results represent the design storm event routed through the proposed Contact Stormwater Pond
and outfall. The resulting hydrograph for the stormwater outfall is shown in Figure 3 and the resulting
hydrograph for the proposed Contact Stormwater Pond is shown in Figure 4. In the analysis of these
hydrographs, the water elevation is shown in grey, the flow to the primary outlet is shown in blue, and the
secondary outlet is shown in red. The full HydroCAD report can be found in Appendix 1-A.

Figure 3 Resulting hydrograph for the Outfall (1P) for the 100 year 6-hour storm.
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Figure 4 Resulting hydrograph for the Contact Stormwater Pond (2P) for the 100 year 6-hour storm.

The maximum water elevation and corresponding freeboard are shown in Table 5. It was important that 1 foot
of freeboard was maintained during the design storm event. Results indicate that this requirement is met.
Table 1 Maximum water elevations and freeboard
Pond
Contact Stormwater Pond (2P)

Maximum Water Elevation (ft)

Freeboard (ft)

387.0

1.0

Another significant result was that all ditches do not flood during the flood event. Ditches along the roadside do
not extend above the road surface elevation and ditches around the perimeter of the CiP area (outside
perimeter of the closure cap system) and within the CiP area do not extend above their channel depths as
calculated in the spreadsheet analysis. This indicates that the ditches were properly designed and sized to
prevent overtopping.
Although HydroCAD does well at modeling overall conveyance of flows, it was important that the culverts within
the model were being represented appropriately. Therefore, to validate the culvert and associated headwater
results reported in HydroCAD, an HY-8 model was compiled. The results from HY-8 were compared against the
results given by HydroCAD. The parameter that was compared was the headwater information given by both
models. An analysis of results indicates that the headwater elevations were within a reasonable range to
conclude that the HydroCAD model is appropriately modeling the culverts. The HY-8 analysis report can be
found in Appendix 1-C.
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HydroCAD modeling results indicate the proposed grading for the ditches are appropriate for safely conveying
the design storm through the site, because no ditches overtop their berms during the model run.
3.2.1

HydroCAD Model Warnings

Table 2 HydroCAD Model Warnings

Warning

Comment

Reach 7R Exceeded Reach 6R INLET depth by 1.29’ @ 6.36
hrs.

This warning indicates ditch 7R is backing up into ditch 6R.
This does not appear to be affecting ditch routing.

Reach 9R Exceeded Reach 11R INLET depth by 3.1’ @ 6.13
hrs.

This warning indicates ditch 9R is backing up into ditch 11R.
This does not appear to be affecting ditch routing.

Pond 3P Exceeded Pond 6P by 0.10’ @ 0.01 hrs (4.71 cfs
0.058 af)

This warning indicates that the Ohio River is overtopping the
basement of Unit 2. This warning should not be an issue
since there is a road at an El. 394 which is 11 feet higher
than the elevation of the Ohio River during the design storm
event. This warning also does not impact the routing from
the basement of Unit 2 to the Ohio River.

Pond 3P Exceeded Pond 1P by 4.50’ @ 19.15 hrs (487.59 cfs
1,811.053 af))

This warning indicates that the Ohio River is overtopping the
stormwater outlet ditches to the Ohio River. This warning is
a known site conditions since the invert of the ditches
draining to the Ohio River are below the 100yr WSE for the
Ohio River.

Pond 6P Qout>Qin may require Finer Routing or smaller dt

Various attempts were made to remove this warning
including increasing the Finer Routing value and decreasing
the time increment. However, none of these changes
removed this warning. The hydrograph for this node shows
that Qout and Qin are always approximately equal, meaning
this warning is not severe.

3.3

Ditch Capacity Analysis

An analysis was completed to appropriately size ditches within the HydroCAD model by using the Manning’s
equation. These ditches were designed with a desirable 1 foot of freeboard and a minimum 0.5 feet of freeboard
during the design storm event. Resulting ditch geometry was then used to evaluate shear stress and determine
the appropriate ditch armoring recommendation. Final ditch geometries were inserted into HydroCAD to obtain
final conveyance results.
3.3.1

Ditch Geometry

To begin the ditch analysis, the peak inflow rates were taken from the HydroCAD model run for each Ditch.
Resulting peak flows for the design storm event are shown in the table below.
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Table 3 Resulting peak inflows for roadside and perimeter cap ditches
Flow

1R

2R

3R

4R

Q100 (cfs)

7.63

9.77

35.71

37.29

5R
9.5

7R

9R

12R

22.95

2.56

1.66

Table 4 Resulting peak inflows per subcatchment for proposed flowlines within proposed cap
Flow (cfs)

4S

Q100 (cfs)

4.32

5S

4.54

Based on these flow values, the depth of flow was input into a spreadsheet to find the corresponding discharge
using the Manning’s equation. This input was altered until the calculated Manning’s discharge was equal to or
larger than the peak discharge given by the HydroCAD model. This ensures that the ditch has enough capacity to
handle flows from the design storm. The Manning’s equation was input into the spreadsheet as:
2 1
1.49
Q=VA= �
� *A*R3 *S2
n

where,

Q=flow, cfs
V= velocity, ft/s
A= cross sectional area, ft2
1.49=unit conversion factor, unitless
n= Manning’s Roughness coefficient
R=Hydraulic Radius, ft
S= Channel slope, ft/ft

Depth of channel and sideslopes are represented within the calculated cross sectional area in the following
formula:

where,

1
1
𝐴𝐴 = 𝑎𝑎 ∗ 𝑐𝑐 + � � 𝑆𝑆1 ∗ 𝑐𝑐 2 + � � ∗ 𝑆𝑆2 ∗ 𝑐𝑐 2
2
2
A= cross sectional area, ft2
a= bottom width of channel, ft
c=depth of channel (ft)
S1= sideslope of side 1
S2= sideslope of side 2

The Manning’s n value was determined to be 0.030 for all ditches which represent the value for earth, grassed
and winding (Chow, 1959). The ditch geometry values including sideslope and depth of channel were iteratively
input until the calculated discharge value was larger than the Q100 value given by the HydroCAD model. The
channel slope value was dictated by proposed grading. Values for sideslopes, depth of channel and channel
slope for each ditch is given in the following table. The depth of channel value was based upon the shallowest
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depth for each ditch, per the design drawings. The amount of freeboard calculated for each ditch is also
presented in the following table.

Table 5 Ditch geometry information
1R

2R

3R

4R

5R

7R

9R

12R

4S

5S

Sideslope, left (ft/ft)

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

Sideslope, right (ft/ft)

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

Channel bottom width (ft)

5.0

5.0

5.0

5.0

3.0

4.0

2.0

4.0

0.0

0.0

Depth of channel (ft)

5.0

3.0

3.0

3.0

3.0

3.0

2.0

3.0

2.0

2.0

Channel slope (ft/ft)

0.0061

0.0062

0.0069

0.002

0.0222

0.005

0.0053

0.0126

0.02

0.0196

Depth of flow (ft)

0.55

0.63

1.26

1.78

0.80

1.19

0.49

0.21

0.79

0.81

Freeboard (ft)

4.45

2.37

1.74

1.22

2.20

1.81

1.51

2.79

1.21

1.19

3.3.2

Shear Stress Analysis for Channel Lining

Shear stress analyses were completed for the channel linings using equations provided in Hydraulic Engineering
Circular No. 15, Third Edition: Design of Roadside Channels with Flexible Linings (HEC-15) (FHWA, 2005). Firstly,
the applied shear stress was found for each ditch using Equation 2.3 from HEC-15:

Figure 2 Equation 2.3 from HEC-15

The hydraulic radius value used in Equation 2.3 corresponds to the depth of channel flow values, listed above.
The mean boundary shear stresses found are listed in the table below. For detailed calculations, see Appendix 1B.
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Table 6 Mean boundary shear stresses for ditches.

τ0 (lb/ft

2
)

1R

2R

3R

4R

5R

7R

9R

12R

4S

5S

0.17

0.20

0.38

0.15

0.21

0.25

0.12

0.15

0.44

0.44

The permissible shear stress for non-cohesive soils was then determined. According to HEC-15, for fine-grained,
non-cohesive soils that are less than 0.05 inches in diameter, the permissible soil shear stress is relatively
consistent and conservatively estimated at 0.02 lb/ft2. Since our soil is assumed to be a mixture of coarse silt and
very fine sand, this value is appropriate for the permissible soil shear stress.
The permissible shear stress on the vegetative lining was then determined using Equation 4.7 in HEC-15:

Figure 3 Equation 4.7 from HEC-15.

The permissible soil shear stress was taken to be 0.02 lb/ft2 for each ditch. The overall lining roughness is
equivalent to the Manning’s n coefficient which was 0.030 for all ditches. The soil grain roughness value was
input at 0.016 which is appropriate when the soils are less than 0.05 inches. The grass cover factor was
determined to be 0.90 based on a good growth form for uniform stands of grass. Calculated values for the
permissible shear stress on the vegetative lining were 0.70 lb/ft2 for each ditch. For detailed calculations, see
Appendix 1-B.
Values for the calculated applied shear stress are then compared to both the permissible shear stress for soils
and vegetation. For all ditches analyzed, the applied shear stress values are higher than the permissible shear
stress for soils, but lower than the permissible shear stress for vegetation. It is recommended that a temporary
lining be installed on all proposed ditches until vegetation can be established.
The recommended temporary lining for all proposed ditches onsite is the S75 product manufactured by North
American Green (or equivalent). This short-term lining is photodegradable and has a polypropylene top net and
a 100% straw fiber matrix. This product is typically applied in channels which experience a max flow velocity of
5.00 ft/s. All ditches onsite maintain velocities less than 5.00 ft/s during the design storm, fitting this maximum
flow velocity recommendation.

3.4

Storm Sewer Analyses

A spreadsheet analysis was completed to assess proposed storm sewer conveyance structures including
manholes and catch basins. The spreadsheet utilized for the investigation was developed to provide a complete
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analysis of storm sewer systems. The spreadsheet uses the rational method and continuity and head loss
equations to determine if the storm sewer system is appropriately sized.
Inputs to the spreadsheet include the area which drains to each catch basin or manhole within the conveyance
network. This requires a detailed delineation of stormwater drainage boundaries which were developed in
AutoCAD Civil 3D and based upon topographic site survey data and proposed design drawings. Other
spreadsheet inputs include the rational method runoff coefficient, accumulated flow, rim elevations and pipe
diameter, inverts, and lengths. The runoff coefficient is based upon the ground cover and is given a value of 0.7
for all manholes and catch basins analyzed to reflect the industrialized nature of the surrounding area. The
accumulated flow was determined based on the peak runoff given by the HydroCAD model and the percent area
of the corresponding subcatchment that drains to each catch basin or manhole. Rim elevations and pipe
diameters, inverts, and lengths were taken from proposed design drawings.
The spreadsheet then calculates the hydraulic grade line. This was compared against rim elevations to ensure no
overtopping. Results of the analysis indicated that the rim elevations will not overtop during the design storm.
The spreadsheet analysis also indicated that the range in cover for the entire system was between 2 feet and 12
feet. This range was deemed appropriate. Furthermore, the hydraulic grade line calculated by the spreadsheet
was determined to be at least 0.5 feet below the rim elevation provided by proposed design drawings, which is
also appropriate for the project requirements.
For a detailed summary of the spreadsheet calculations, please see Appendix 1-E.

3.5

Culvert Analysis

Although HydroCAD does well at modeling overall conveyance of flows, it was important that the culverts within
the model were being represented appropriately. Therefore, to validate the culvert and associated headwater
results reported in HydroCAD, an HY-8 model was compiled. The results from HY-8 were compared against the
results given by HydroCAD. The parameter that was compared was the headwater information given by both
models. An analysis of results indicates that the headwater elevations were within a reasonable range to
conclude that the HydroCAD model is appropriately modeling the culverts. The HY-8 analysis report can be
found in Appendix D.
HydroCAD modeling results indicate the proposed grading for the ditches are appropriate for safely conveying
the design storm through the site, because no ditches overtop their berms during the model run. Another
model result indicated that the outfall configuration of three (3), 36 inch culverts is sufficient for conveying
stormwater from the site to the Ohio River.

3.6

Soil Erosion and Sedimentation Control

Final grades for the portions of the pond which will receive the final cover system will be 25% for the side slopes
and 2% overland slopes to the flow channels. Perimeter ditches will collect stormwater along the east, west and
north side slopes of the pond, and interior flow channels will be incorporated into the final cover system to
manage stormwater on the top of the final cover system. In addition, each site area will be seeded upon the
completion of final cover placement in accordance with the plans and specifications. Straw or other similar
means of protection will be placed to protect the seed against erosive velocities, allowing the grass seed
sufficient time to germinate. A soil loss demonstration for the erosion layer is described below.
According to 329 IAC 10-30-2(c)(2), the proposed final cover design must limit erosion to less than 5 tons/acreyear based on the Universal Soil Loss Equation. For the purposes of the evaluation, the Revised Universal Soil
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Loss Equation (RUSLE) was utilized. The calculation is provided in Appendix 1-F. Results of these calculations
are summarized in Table 7 below:
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Table 7 - Final Cover Soil Loss (CIP)
Soil Loss
Slope Condition

(tons/acreyear)

R factor

C factor

K factor

Slope
Length
(ft)

Side Slope (25%)

2.85

220

0.005

0.43

105

25

6.03

Overland Slope (2%)

0.17

220

0.005

0.43

670

2

0.36

Slope
(%)

LS Factor

Based on the analyses the soil loss is estimated to be less than 5 tons/acre-year as required in 329 IAC 10-302(c)(2). Therefore, no additional diversion berms will be necessary to reduce slope length and erosion.
During site development, Best Management Practices (BMPs) shall be employed to control erosion. BMPs may
include the use of temporary rock riprap, silt fences, straw bales, check dams, interceptor swales and berms,
temporary and permanent seeding and sodding, surface roughening, matting and mulching, sediment traps, and
surface wetting for dust control.

3.7

Final Cover Drainage Layer

The final cover drainage layer consists of a geocomposite drainage material (GDM). One of the primary
destabilization mechanisms of the cover system is the excessive head buildup in the drainage layer. In order to
ensure that the steeper side-slopes do not encounter the condition where the final cover system destabilizes
due to excessive head build up in the drainage layer, the flow through the GDM on the steeper side slope must
be conveyed within the thickness of the GDM.
To determine the long term capacity of the GDM along the steeper side slopes, an analysis was performed using
the Single Slope Giroud Equation (Giroud, Zornberg, and Beech, 2000). The Single Slope Giroud Equation
determines the maximum thickness of head on an impermeable liner system using the anticipated infiltration
rate through the final cover and is adjusted for long-term effects through a series of reduction factors. Based on
the analysis, a GDM with a laboratory transmissivity rate equal to, or greater than, 2.84x10-4 m2/sec can convey
the anticipated infiltration rate within the thickness of the GDM. Calculations pertaining to this design are
provided in Appendix 1-G.
Based on the proposed design the flow through the drainage layer can be effectively managed provided that the
GDM has a minimum laboratory transmissivity of 2.84x10-4 m2/sec.

3.8

Pipe Strength

The proposed Stormwater network consists of multiple pipes and culverts that traverse underground. The
Access Road to the West Ash Pond is frequented by Haul Road Trucks conveying CCR materials in and out of the
Culley Station. It is vital to the seamless operation of the Stormwater network that the pipes underground are of
adequate strength and can handle the loads traveling over them.
To select the class of pipe that can effectively withstand the earth loads and live loads, a pipe crushing
calculation was performed using the standards mentioned in the Concrete Pipe Design Manual, American
Concrete Pipe Association, October, 2011. To determine the pipe strength in terms of its 0.01 inch Crack D-load,
the earth load, fluid load and live loads were estimated. The loads were analyzed with the lowest minimum soil
cover value over the culverts to ensure the most susceptible section of the culvert was being analyzed. A
standard highway load of two dual tired 16,000 lbs trucks over an unsurfaced pavement was used to determine
the live loads. Based on the pipe crushing calculations, a Class I RCP culvert with a 0.01 inch Crack D-load of 800
lbs/ft/ft will be able to adequately handle the earth and live loads present with no risk of failure. Pipe crushing
calculations are provided in Appendix 1-H.
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4 Geotechnical Engineering

4.1

Dewatering Considerations

Dewatering of the ponded ash materials will be an important component of the closure system. Dewatering will
condition the ash materials to facilitate mass excavations and will also be required to appropriately improve and
maintain the pond surface’s ability to support the heavy construction equipment that will be necessary to
implement the closure activities.
When in a saturated condition and in the presence of a permanent phreatic surface, fly ash and bottom ash
materials are inherently unstable, have very low bearing capacity, and are subject to localized liquefaction when
subject to vibrations induced by construction equipment. Therefore it will be of paramount importance to
maintain the pond phreatic surface below the elevation on which construction equipment will operate.
Construction vibrations have a tendency to wick water upward through the ash mass via capillary action. The
phreatic surface must be maintained a sufficient vertical distance underneath the ground surface to mitigate
this effect. As such, the primary objective of the dewatering system will be to lower and maintain the pond
phreatic surface at any work area to at least 5 ft and preferably 10 ft below the current surface grade in any area
of work, at any time, so that a safe and stable working surface is established.
We envision use of two types of dewatering systems over the course of pond closure-in-place, as follows:
•

A passive, gravity dewatering system, which will consist of a network of excavated ditches, into which
subsurface water will seep. We envision this system to be applicable early on during the course of
construction, to lower the phreatic surface within the pond, and when excavations are above the
natural groundwater table. For deeper excavations, this system is not likely to be practical.

•

A positive dewatering system, consisting of a network of closely spaced well points, installed in lines and
discharging to trunk lines (header piping). Dewatering of the ash will be achieved by creating positive
suction at the well points and then pumping the water removed through the header piping. We
anticipate that this type of system will be required when excavations extend to significant depth within
the closure-by-removal areas of the project, within the buffer area located behind the south
embankment of the pond, and when excavating ash materials from the area of the former Little Pigeon
Creek Channel. The latter excavation will extend below the normal level of the Ohio River. While the
borings performed in this area indicate that base of this excavation will be underlain by relatively low
permeability soils (native fine-grained alluvium consisting of silts and clays), it is noted that dewatering
of this excavation may be further facilitated by utilizing sheet pile cut-off walls, at the Contractor’s
discretion.

An important component of both dewatering systems will be implementation of a phreatic surface monitoring
program, to ensure that the systems are performing as intended. The system should be installed at the
beginning of the project and be maintained throughout all excavation activities, as follows:
•

The monitoring system should consist of a number of vibrating wire piezometers or conventional
standpipe piezometers (or a combination of both), installed on a regular grid throughout the excavation
footprint.

•

Specifically, the piezometers should be installed at spacings/locations such that there is not less than 1
piezometer per 3 acres of footprint, and such that piezometers are located uniformly across the
footprint.

•

The piezometers should be configured to be capable of detecting the depth of the static phreatic surface
at the location of the piezometer and shall be adjusted as necessary as the excavation proceeds.

The piezometers should be monitored on a regular basis to confirm that the phreatic surface is drawn down to
the appropriate level at any time.
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Final Cover Settlement

Settlement will be induced in the impounded ash and underlying foundation soils by the loads imposed by the
relocated ash fill and cap system components, as well as due to changes in stress from the natural lowering of
the phreatic surface within the pond that will occur in the long term after the closure is completed. AECOM
performed settlement analyses in order to estimate the effects of these settlements on the integrity and
operation of the cap system.
Settlement analyses performed were focused on the alignments of the various drainage paths/ditches that are
incorporated into the design of the closure, located within the area of the pond footprint that will receive
relocated ash material. These drainage paths are the primary means of conveying stormwater off of the cap,
and it is important to verify that no slope reversals or low spots will develop along these alignments due to
settlement of the underlying materials. Compressibility of the subsurface ash and native soils was established
based on the results of laboratory consolidation testing performed as part of the various geotechnical
investigations performed at the site.
The following results and conclusions were derived from the settlement analyses:

4.3

•

Maximum post-construction total settlements along the ditch alignments are estimated to be in the
range of 2 to 15-inches and the estimated negative change in slope due to settlement is not expected to
adversely impact the performance of the final ditches. The minimum post settlement ditch slopes are
estimated to be at least 1.5% (a relatively small reduction from minimum as-designed slopes of 2.0%),
and no slope reversals are anticipated.

•

The estimated maximum tensile strain in the geosynthetic components is approximately 0.9%. This
should be readily tolerable for the geomembrane and other components of the cap system.

•

It is anticipated that settlement of the ash materials will occur fairly rapidly upon loading - A majority of
the settlement in the sluiced ash due to grading is anticipated to occur during or shortly after
construction. The construction period settlements will affect the required material volumes for site
grading. It is estimated that a volume equivalent to about 2 ft of material over the footprint where net
fill material is proposed will be necessary to make up for settlements that occur during construction.

•

Although the predicted settlements are moderate, it is prudent and recommended that the settlement
of the ash be monitored during and after final subgrade grading to determine when settlement is
complete. The timing of the construction of the final cap system can be based on the observed
magnitude and rate of settlement in the field.

Veneer Stability

Veneer (translational) stability analyses were performed in accordance with methods presented in Koerner and
Soong, Analysis and Design of Veneer Cover Soils published in Geosynthetics International, 2005, 12, No.1. Two
critical sections (corresponding to the steepest and/or longest slopes of the cap system) were selected for
analysis – one section representing the proposed 4H:1V cover slope at the relocated ash fill area and one section
representing the 2.5H:1V sideslope of the process water pond. The analysis consisted of determining envelopes
of shear strength parameters (friction angle and adhesion) of the interfaces of the various components of the
cover system that will result in adequate factors of safety against sliding. Load conditions checked included
static conditions, pseudostatic seismic conditions, and residual strength conditions. The resulting envelopes
were then carried over as requirements in the specifications.
Seismicity at the site is relatively high, and simple pseudostatic sliding analyses under seismic conditions did not
yield acceptable factors of safety. Therefore, a more rigorous estimate of cover system deformation as a result
of seismic loading was done for each critical section, using the procedure given in Bray J. D. and Travasarou T.
(2007), “Simplified procedure for estimating earthquake-induced deviatoric slope displacements”, Journal of
Geotechnical and Geoenvironmental Engineering, ASCE, Vo. 133, No. 4, pp. 381-392. Using this procedure,
estimated sliding deformations for the cover system at the relocated ash fill area could range from 1 to 5-inches,
and at the process water pond could range from 2 to 10-inches. These deformation magnitudes are considered
acceptable for the proposed cover and liner systems, and therefore the cover system design is considered
adequate under seismic loading.
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Slope Stability Analyses

Limit-equilibrium slope stability analyses were performed at three cross-sections located within the footprint
and at the southern perimeter of the closure. The section locations were selected in critical areas, including at
the South Embankment of the pond and between the closure-in-place area and the process water pond (which
features a substantial slope/change in grade descending into the process pond. The section locations are
provided in the figure below.

Slope Stability Analysis Sections
Analyses were performed using Spencer’s Method which is a limit equilibrium slope stability analysis procedure.
The computer program SLOPE/W 2016 by Geo-Slope International was utilized. The program analyzes a large
number of potential slip surface geometries and identifies the geometry that results in a critical (i.e. lowest)
factor of safety (FS). Stratigraphy and shear strength parameters for the ash and native soil layers were
developed based on information obtained from the geotechnical investigations. The parameters were in
general accordance with those used in previous studies at the site.
Each section was analyzed for the following cases:
Static, Steady-State, Condition: This case models the closed ponds under static, long-term conditions, with
reused water level within the impoundment. Drained (effective stress) shear strength parameters were used for
all materials, and phreatic conditions were estimated based on assumed future water elevation upon pond
closure. The target for this loading condition is a factor of safety greater than 1.5.
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Post-Liquefaction Case: This case models the closed ponds under conditions that are anticipated to exist
following the design earthquake event. The design earthquake is an event with 2% probability of exceedance in
50 years (recurrence interval of approximately 2500 years). The purpose of the post-earthquake stability
analysis is to assess stability conditions immediately following a seismic event. No horizontal seismic coefficient
is included in these analyses, but selection of strength parameters for the analyses takes into account the
potential for softening/ weakening of the soils as a result of pore pressures generated by the earthquake
shaking. The Programmatic target for post-earthquake analysis is a factor of safety greater than 1.2.
Implementation of the post-liquefaction analyses first requires that liquefaction screening analyses be
performed, to estimate the potential for liquefaction of the various soils in the subsurface profile. Liquefaction
screening analyses were performed using the SPT-based procedures described in Idriss, I.M., and Boulanger, R.
W. (2008). "SPT-Based Liquefaction Triggering Procedures", Report No. UCD/CGM-10-02, Center for
Geotechnical Modeling, Department of Civil and Environmental Engineering, University of California, Davis, CA.
These analyses indicated that loose to medium dense zones of the alluvial sand materials that underlie the south
embankment (the alluvial sands that lie above El. 300) are prone to liquefy as a result of the design earthquake
event. Existing ash materials impounded within the Pond were also determined to be prone to liquefaction.
Residual (liquefied) strengths for these materials were therefore input to the slope stability models for the postliquefaction load condition.
Analyses of the post-liquefaction condition indicated that the river-facing slope of the south embankment has a
deficient factor of safety. Therefore, to mitigate the potential for release of ash to the Ohio River in the event of
the design earthquake, closure by removal of an approximately 150 ft wide area of the ash pond lying directly
behind (north of) the embankment has been incorporated into the design. All existing CCR material will be
removed and replaced with clean fill within this “buffer area”, and any CCR (existing or relocated) will be
configured to the north.
A two-dimensional finite-difference dynamic response model of the south embankment using the computer
program FLAC in conjunction with the UBCSAND constitutive model was prepared, to estimate post-earthquake
deformations of the CCR materials that lie beyond the buffer area. From the FLAC model, deformations of these
materials were calculated to be on the order of 1 ft horizontal and 1.5 ft vertical. With the buffer in place, all
CCR material within the closed pond will be located no less than 400 ft from the River. While the embankment
slope may and some of the clean fill within the buffer area may move toward the River, CCR is unlikely to do so,
given the 400 ft + distance and the relatively small displacements of 1 to 1.5 ft. Earthquake-induced deformation
of the surface cap may require some maintenance/repair following the event, but release of CCR to the
environment is considered to be highly unlikely. Given these results, the post-earthquake stability analyses for
the south embankment at Cross-Sections 1 and 2 were performed for failure surfaces that extend beyond the
buffer zone.
The results of the slope stability analyses are summarized in the table below:
Results of Slope Stability Analysis
Loading Case

Design
Criteria

Cross
Section

Cross
Section

Cross
Section

1

2

3

Static, Normal Pool
(Embankment)

FS ≥ 1.5

2.60

2.19

2.07

Post-Liquefaction

FS ≥ 1.2

1.69

2.46

1.56

The results indicate that all cross-sections meet the target factors of safety for both analysis cases.
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6 Limitations
Background information, design basis, and other data have been furnished to AECOM by third parties, which
AECOM has used in preparing this report. AECOM has relied on this information as furnished. Our
recommendations are based on available information from previous and current investigations. These
recommendations may be updated as future investigations are performed.
The conclusions presented in this report are intended only for the purpose, site location, and project indicated.
The recommendations presented in this report should not be used for other projects or purposes. Conclusions
or recommendations made from these data by others are their responsibility.
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