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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion waste from the Tennessee Valley
Authority’s Kingston, Tennessee facility in December 2008 flooded more than 300 acres of land,
damaging homes and property. In response the U.S. EPA is assessing the stability and
functionality of coal combustion ash impoundments and other management units across the
country and, as necessary, identifying any needed corrective measures.

This assessment of the stability and functionality of the J. C. Weadock Plant coal combustion
waste management unit is based on a review of available documents and on the site assessment
conducted by Dewberry personnel on Tuesday, September 21, 2010. We found the supporting
technical documentation adequate (Section 1.1.3).

In summary, the J. C. Weadock Fly Ash Dam is SATISFACTORY for continued safe and
reliable operation, with no recognized existing or potential management unity safety
deficiencies.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is embarking on an initiative to investigate
the potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e.,
management unit) from occurring at electric utilities in an effort to protect lives and property
from the consequences of a dam failure or the improper release of impounded slurry. The EPA
initiative is intended to identify conditions that may adversely affect the structural stability and
functionality of a management unit and its appurtenant structures (if present); to note the extent
of deterioration (if present), status of maintenance and/or a need for immediate repair; to
evaluate conformity with current design and construction practices; and to determine the hazard
potential classification for units not currently classified by the management unit owner or by

a state or federal agency. The initiative will address management units that are classified as
having a Less-than-Low, Low, Significant or High Hazard Potential ranking. (For Classification,
see pp. 3-8 of the 2004 Federal Guidelines for Dam Safety)

In early 2009 the EPA sent its first wave of letters to coal-fired electric utilities seeking
information on the safety of surface impoundments and similar facilities that receive liquid-borne
material that store or dispose of coal combustion waste. This letter was issued under the
authority of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Section 104(e), to assist the Agency in assessing the structural stability and
functionality of such management units, including which facilities should be visited to perform a
safety assessment of the berms, dikes, and dams used in the construction of these impoundments.
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EPA requested that utility companies identify all management units including surface
impoundments or similar diked or bermed management units or management units designated as
landfills that receive liquid-borne material used for the storage or disposal of residuals or by-
products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler
slag, or flue gas emission control residuals. Utility companies provided information on the size,
design, age and the amount of material placed in the units. The EPA used the information
received from the utilities to determine preliminarily which management units had or potentially
could have High Hazard Potential ranking.

The purpose of this report is to evaluate the condition and potential of waste release from
coal combustion residue management units. This evaluation included a site visit. Prior to
conducting the site visit, a two-person team reviewed the information submitted to EPA,
reviewed any relevant publicly available information from state or federal agencies regarding the
unit hazard potential classification (if any) and accepted information provided via telephone
communication with the management unit owner.

Factors considered in determining the hazard potential classification of the management units(s)
included the age and size of the impoundment, the quantity of coal combustion residuals or by-
products that were stored or disposed of in these impoundments, its past operating history, and
its geographic location relative to down gradient population centers and/or sensitive
environmental systems.

This report presents the opinion of the assessment team as to the potential of catastrophic failure
and reports on the condition of the management unit(s).

LIMITATIONS
The assessment of dam safety reported herein is based on field observations and review of
readily available information provided by the owner/operator of the subject coal combustion
waste management unit(s). Qualified Dewberry engineering personnel performed the field
observations and review and made the assessment in conformance with the required scope of
work and in accordance with reasonable and acceptable engineering practices. No other
warranty, either written or implied, is made with regard to our assessment of dam safety.

J.C. Weadock Power Station ii
Consumers Energy Coal Combustion Waste Impoundment
Bay City, Michigan Dam Assessment Report



FINAL

Table of Contents
Page
INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS.......ccoooeiiiiriinireeeeieneiees 1
PURPOSE AND SCOPE........ctiiiiiiitiiteeitt ettt te sttt esa st et atesbe s et e stes s et e sbe s s e s e st et esesbe s eseabe st eseabeaeseabensensaneses 1
1.0 CONCLUSIONS AND RECOMMENDATIONS. ..ottt 1-1
1.1 CONCLUSIONS ...c..tteutettenttente et et et eete et estee bt et eateeebesuaeseeesbee bt e bt ematemteeutesbe e bt emteembeeaneeasesanesbeenseenseenneenne 1-1
1.1.1  Conclusions Regarding the Structural Soundness of the Management Unit(s) ..........ccocvevvevveverernennn. 1-1
1.1.2  Conclusions Regarding the Hydrologic/Hydraulic Safety of the Management Unit(s) ...........ccccccvu.ee. 1-1
1.1.3  Conclusions Regarding the Adequacy of Supporting Technical Documentation ..........c..ccocevvevernenn. 1-1
1.1.4 Conclusions Regarding the Description of the Management Unit(S) .........cccccvvervvivrniiesieeieeneseseens 1-1
1.1.5 Conclusions Regarding the Field ODSErvations ..........ccccuoviieieieieiini e 1-1
1.1.6  Conclusions Regarding the Adequacy of Maintenance and Methods of Operation .............cc.ccccoueneee. 1-1
1.1.7  Conclusions Regarding the Adequacy of the Surveillance and Monitoring Program .............ccccce..... 1-2
1.1.8 Classification Regarding Suitability for Continued Safe and Reliable Operation.............cc.ccoevniennne. 1-2
1.2 RECOMMENDATIONS......cutittetteteeitt ettt etteeteente et et eetesatesttesbeesaeeaeemeteaeeebtesbeenbeenbeenbeeatesbbesbaesbeenbeenneenneenns 1-2
1.2.1 Recommendations Regarding Continued Safe and Reliable Operation ............cc.coevieniiiencinennn, 1-2
1.3 PARTICIPANTS AND ACKNOWLEDGEMENT ......ccvetetiitertetiisestesessesseseesessesessessessssessesessesessssessessssessessssenseses 1-2
0O Tt O I 1) o) = U o] o= T (USSP 1-2
1.3.2  Acknowledgement @nd SIGNATUIE .........eciiiie it e e e te e be e e enaeaneeannas 1-2
2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT UNIT(S) ..cccoovvvrienns 2-1
2.1 LOCATION AND GENERAL DESCRIPTION ......ccccttiteietiieeietesteeteressessesessessesessessesessessesessessesessessesessessesessesnas 2-1
2.2 SIZE AND HAZARD CLASSIFICATION .....eiutiitiitiitieitinttentteteeteeeteeetesutesieesueenseentesmteessesueenseenteensesanessnensees 2-3
23 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE UNIT(S) AND MAXIMUM CAPACITY 2-4
24 PRINCIPAL PROJECT STRUCTURES ......eerutittetietietenitentenitenteesteenteenaeemeeettesteenteenteentesssesssesieesueesseenseensesnne 2-4
o - U T 4] o= 10 11T ) S 2-4
B © V11 -1 S Vot (U] =SS 2-5
2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT .......ctiiitieiieniieeniieeieeenieeenieeenireeaeees 2-5
3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS.......cccccvveiiiineeienieesieens 3-1
3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL PERMITS. ......ccoviiiiieiiiiiiiieeeeeeecinreeeeeenan. 3-1
3.2 SUMMARY OF SPILL/RELEASE INCIDENTS ......cccutitieutieuietieteeteeteeteseteseeesseesseeseeneeeneesseesseenseenseensesnnesnees 3-1
4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION ....ccccccoviiiiiienee e 4-1
4.1 SUMMARY OF CONSTRUCTION HISTORY ....ceuttiutiiiiiniiiniienieeieeieeie et st sttt et ettt steesit et enbeentesenesaaeniees 4-1
O R O T ¢ o 1= I @] T { (FTox 1 o]  F OO PO PR PRI 4-1
4.1.2 Significant Changes/Modifications in Design since Original Construction .............ccoceovevvervennennne, 4-1
4.1.3 Significant Repairs/Rehabilitation since Original CONSLrUCTION ..........cccovviieininiineeeees 4-1
4.2 SUMMARY OF OPERATIONAL PROCEDURES .......cctiiutiiiintietieieeiesitesitesieenieenteeteentesieesttenseenseensesnsessnesnees 4-2
4.2.1  Original Operational PrOCEUUIES.........coviiiiiiiiiee ettt 4-2
4.2.2  Significant Changes in Operational Procedures and Original Startup .........cccccvceviieiininieiencn 4-2
4.2.3  Current Operational PrOCEAUIES ..........ciiiiiieie ettt e b et b e ee e b e 4-2
4.2.4  Other Notable Events since Original Startup .........ccocooiieiiiiiiii e 4-2
J.C. Weadock Power Station v
Consumers Energy Coal Combustion Waste Impoundment

Bay City, Michigan Dam Assessment Report



5.0 FIELD OBSERVATIONS ..ottt et ettt st e be e be e te s te e s teesaeesbeesbeenbesneesnsestaesreens 5-1
5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS ....cccitiiiiiiiiieiiiieeeiitieeeeiteeesiveeeesiveeeessaeeseseraeessssaeennes 5-1
5.2 WEADOCK DISPOSAL AREA PERIMETER EMBANKMENT (SECTIONS A THROUGH F)............... 5-1
LTSt R -1 TP 5-1
I A U | o1 =T 10 T o [=I] o] oSS 5-3
5.2.3  Downstream/Outside SIOPE @nd TOE........cccviirieiieierise ettt st re e neenre e 5-4
5.2.4  ADUIMENTS AN GFOIN ATBAS.....cviiiiiiriirieitieiteeiteetesteesteesteesbeesteabesteesabesbseebeesbeesbeesbesteestaesbeesbeeareenreenns 5-5
5.3 OUTLET STRUCTURES .....ovtiiiititeeeiteee e ettt e e eeaeeeeeeteeeeeetae e e eeaeeeeeateeeeeaseeeeeateaeeesseeeeesaseeeesseeeeensseeeensseeeaasnens 5-5
LR T R 01V =T o (o)A {0 Tox 11 TSSOSO 5-5
LR I @ 1V 1 [=1 0] o (1) SRR URROURRR 5-5
5.3.3  EMErgENCY SPIIWAY .....c..ciiiiiiiiitiieeiet ettt et b bbb 5-6
B5.3.4  LOW LEBVEI OULIEL ...ttt ettt ettt et s e e ebt e e sab e e sate e stbeesateesabeesabessareesaeeees 5-6
6.0 HYDROLOGIC/HYDRAULIC SAFETY ..ottt sttt ve e v staesra e 6-1
6.1 SUPPORTING TECHNICAL DOCUMENTATION ........ccoiuieiiteeeitieeeseeeteeenseeeeseeeeseseesesesesssesensesensesensessseeesesens 6-1
L300 00 A | T To Lo o) il 2 =Tolo] o ST U RSP SUPRRPN 6-1
6.1.2  INFIOW DESIGN FIOOU ......oeiiiee ettt e e be e te s e e s reesreesreenteeneeenes 6-1
LTI T o 11 11 A - U] T SRS 6-1
6.1.4  DownStream FIOOG ANAIYSIS .......cccuiiiiiiiiieie et be e be et e s saesreesreesaeenneeneeenes 6-1
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION ........uvtiieiiriieeeireeeeireeeeeereeeessseeessaseeeesneeeennns 6-1
6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY ..veeeuviievieireeeteeereeeereeereeeeseeeteeeeseeesesesesensesensesennes 6-1
7.0 STRUCTURAL STABILITY Lottt ettt be e ba et e e be st e e ste e saeesbeesaeereenns 7-1
7.1 SUPPORTING TECHNICAL DOCUMENTATION ......oviiiiitiieiirieeeiirteeeeitreeeeeiseeeeserseeessseessssesesssssesansseessssseeens 7-1
7.1.1 Stability Analyses and Load Cases ANAIYZEA ..o 7-1
7.1.2  Design Parameters and Dam MaterialS ..........ccoieiieiieiiiiiiie e 7-3
7.1.3  Uplift and/or Phreatic Surface ASSUMPLIONS .......c.oiiieiieiiiieece e 7-3
7.1.4  Factors of Safety and BaSE SIFESSES........ciiiiieiiieiiiieseeseese e ste e ste e e s et ta e beete e e sraesreesreenreeeeenes 7-3
7.1.5  Liquefaction POtENLIAL..........c.coouiiii e 7-5
% I @ g [or= I CT=To] [oTo [ for= 1 I ] 1o 1) £ o] o S OPR 7-5
7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION .....ccvviiieiiiiiireeeeeeeiesiirreeeeeeeeesisreeeseeeeensnneeeens 7-5
7.3 ASSESSMENT OF STRUCTURAL STABILITY ....cuvtiiiiiiieeeiiiieeeeiteeeeeereeeesreeeeseaseeesessesesssssesesssssssssssesesssssesenes 7-6
8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION........cccccovveiiiiecee e 8-1
8.1 OPERATING PROCEDURES ......uuuiiiitiiieeitiieeeeieeeeetteeeeeiveeeeettteeesatseeesareeeeeasaeeesatseeesssseeanssseeeasssesassseeeanares 8-1
8.2 MAINTENANCE OF THE EMBANKMENT AND PROJECT FACILITIES.......cccvviiieieeeieiiiieee e e e eeiireee e evrneeas 8-2
8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS .......cuvviiiiieeeieiiniieeeeeeeeeirreeeeeeeeeennneeenns 8-2
8.3.1 Adequacy Of Operating ProCEAUIES........ccvciieiieiesie ettt e sreesreesreeeeenes 8-2
R Ao (=T [T (oY) LY Ul 1 (=] T o PSSR 8-2
9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM ......cccccoceiieiieie e 1
9.1 SURVEILLANCE PROCEDURES .......cctiiitiiiieitiiteeiiteeesiteeeasseeesssseessssseeeasssssesssssesssssssesasssssssssssssesssssesssssseesnnes 1
9.2 INSTRUMENTATION MONITORING .....ccciutiieeeiutiieeeieeeeitteeeeetteeeeeaeeeeeesseeeeasseeseeessseesesssseeassseseeasseseeassseeeansseeeas 1
9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM ........ccoiviiiiiietieeiieeeeeeeteeereeereeeeeeeveeeneeans 2
9.3.1  Adequacy Of INSPECLION PrOGIAM.......cciuiiiiiriiieiirieietse ettt bbbt 2
9.3.2  Adequacy of Instrumentation Monitoring PrOgram...........ccoereiieneinenesesese e 2
J.C. Weadock Power Station v

Consumers Energy Coal Combustion Waste Impoundment

Bay City, Michigan Dam Assessment Report



APPENDIX A
Doc 01:
Doc 02:
Doc 03:
Doc 04:
Doc 05:
Doc 06:
Doc 07:
Doc 08:
Doc 09:
Doc 10:
Doc 11:
Doc 12:
Doc 13:
Doc 14:
Doc 15:

APPENDIX B
Doc 16:

APPENDIX C
Doc 17:

FINAL

Doc 1 Map of Site

Doc 2 Labeled Aerial Photo

Doc 3 Embankment Section Locations

Doc 4 Initial Site Plan

Doc 5 Boring Location Map

Doc 6 Log of Borings (9 sheets)

Doc 7 Summary of Laboratory Test Data (11 sheets)
Doc 8 Ash Pond Extension Pond “F” Section and Details
Doc 9 Slurry Wall and Embankment Section Location Map
Doc 10 AECOM PMFA Report

Doc 11 AECOM Inspection Report

Doc 12 Michigan DEQ Operating License

Doc 13 Operation and Maintenance Plan

Doc 14 Vegetation Management Plan

Doc 15 Groundwater Elevation Map

Photographs

Dam Inspection Check List Form

J.C. Weadock Power Station

Consumers Energy
Bay City, Michigan

vi

Coal Combustion Waste Impoundment

Dam Assessment Report



FINAL

1.0 CONCLUSIONS AND RECOMMENDATIONS

1.1 CONCLUSIONS

Conclusions are based on visual observations from a one-day site visit, September
21, 2010, and review of technical documentation provided by Consumers Energy.

1.1.1

Conclusions Regarding the Structural Soundness of the Management
Unit(s)

Embankments appear to be structurally sound for the purposes of a dry
landfill operation.

Conclusions Regarding the Hydrologic/Hydraulic Safety of the
Management Unit(s)

Embankments appear to be safe from a hydrologic and hydraulic
standpoint for the purposes of a dry landfill operation.

Conclusions Regarding the Adequacy of Supporting Technical
Documentation

Technical documentation is sufficient to assess the safety of the
embankments.

Conclusions Regarding the Description of the Management Unit(s)

Embankments are adequately characterized based on descriptive
information provided by Consumers Energy.

Conclusions Regarding the Field Observations

During the site visit, Dewberry was provided access to all areas in the
vicinity of bottom ash and fly ash disposal areas. There were no visible
signs of significant erosion, seepage, settlement clogged spillways or other
signs of instability. During the site visit there were no indications of
unsafe conditions or conditions needing immediate remedial action.

Conclusions Regarding the Adequacy of Maintenance and Methods of
Operation

Embankments appear to be adequately operated and maintained for the
purposes of a dry landfill operation.

J.C. Weadock Power Station 1-1
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1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

Surveillance and monitoring appear to be adequate for the purposes of a
dry landfill operation.

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable
Operation

The facility is SATISFACTORY for continued safe and reliable
operation. No existing or potential management unit safety
deficiencies are recognized. Acceptable performance is expected
under all applicable loading conditions (static, hydrologic, seismic) in
accordance with the applicable criteria.

1.2  RECOMMENDATIONS
1.2.1 Recommendations Regarding Continued Safe and Reliable Operation
No recommendations appear warranted at this time.
1.3 PARTICIPANTS AND ACKNOWLEDGEMENT
1.3.1 List of Participants

Richard Hall, Consumers Energy
J.R. Register, Consumers Energy
Jon Carpenter, Consumers Energy
Roberto Falco, Consumers Energy
Tom Fox, State of Michigan DEQ
Scott Clarke, Dewberry

Cleighton Smith, Dewberry

1.3.2 Acknowledgement and Signature

We acknowledge that the management unit referenced herein has been
assessed on September 21, 2010.
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2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The D.E. Karn and J.C. Weadock Generating Facilities, operated by Consumers
Energy, consist of two separate power generating plants located in Essexville,
Michigan, near Bay City on a peninsula bounded by the mouth of the Saginaw
River to the west and Saginaw Bay to the north. The facilities are located on the
western shore of Lake Huron (see Document 1). The J.C. Weadock plant was the
first to generate power in 1940 and eventually consisted of six coal burning units,
Units 1 to 6, which were retired in 1980. Two additional units, Units 7 and 8 were
added in 1955 and 1958 and continue to operate. Together, Karn and Weadock
burn approximately 3 million tons of coal, 1.3 billion cubic feet of natural gas, and
23 million gallons of fuel oil per year to produce approximately 2,100 megawatts.
Aerial views showing the site layout and location of the facilities can be seen on
Document 2.

The J.C. Weadock Solid Waste Disposal Area is located east of the Weadock plant
as shown on Document 2. According to the 1992 permit application, the landfill
covers an area of approximately 292 acres and has a perimeter of approximately
4.85 miles. The perimeter consists of ash containment dikes separating the landfill
from the Saginaw Bay, the discharge channel, and the “Waters of the State”
(meaning groundwaters, lakes, rivers, and streams and all other watercourses and
waters, including the Great Lakes, within the jurisdiction of the State of Michigan
under State law). In the discharge channel, the fish barrier is considered to be the
boundary between the Plant controlled discharge channel and the “Waters of the State”.

The perimeter dikes have generally a 20-foot wide crest and a typical crest
elevation of 590 feet. The containment dike is used as a perimeter access road upon
which light utility trucks, large snowplows, and 80-ton haul trucks can be driven.
However, heavy traffic is limited on portions of the perimeter access roads due to
the presence of a slurry wall constructed in 2008.

Until 1992, the JC Weadock landfill was operated as a surface impoundment. In
1992, Construction Permit No. 0260 was issued by the Michigan Department of
Natural Resources (organizationally now part of Department of Environmental
Quality) and provided for Phase II consolidation and the vertical expansion of an
engineered structural fill in portions of the landfill.

J.C. Weadock Power Station 2-1
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Prior to February 2009, fly ash was hydraulically discharged from a trestle near the
west end of the disposal area. Fly ash was most recently sluiced eastwardly into a
series of parallel channels, where the majority of ash settles out. Sluice water
eventually flows to a ditch before arriving at the NPDES discharge point, where it
is discharged to the non-contact cooling water discharge channel (see Document 2).

Currently, the fly ash disposal process is a “dry” operation. The fly ash has a small
amount of moisture added to control dust and to create suitable compaction
consistency, then is transported by truck to the disposal area. The embankments
assessed during the site visit are not impoundments in the true sense, but more like
the side slopes of a landfill. The one exception is the Section C embankment in the
area of Pond F (P3) (see Document 3). P3 currently stores stormwater and is in the
process of being de-watered. Once dewatered, the entire fly ash disposal area will
be a dry landfill operation.

Bottom ash is discharged from the discharge trestle into the bottom ash pond where
it is allowed to settle out (see Document 2). The bottom ash sluice water is
conveyed through a ditch and eventually is discharged via the NPDES discharge
point. The bottom ash pond is considered an incision by Consumers, with the ash
spoils stored on the sides of the pond (see Appendix B, Photograph 1). Based on
the site visit, we concur the bottom ash pond is incised. Therefore, the spoil piles
are not considered embankments for the purposes of this report.

Table 2.1: Summary of Dam Dimensions and Size
Weadock Landfill Embankment
Dam Height (ft) 15
Crest Width (ft) 20
Length (ft) 25,608
4:1 (vertical expansion)
Side Slopes (upstream) H:V 3:1 (embankment structure)
4:1 (vertical expansion)
Side Slopes (downstream) H:V 3:1 (embankment structure)
J.C. Weadock Power Station 2-2
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2.2 SIZE AND HAZARD CLASSIFICATION

The Weadock Landfill Embankment is in the small category based on the low
height, and intermediate based on storage in the table shown below.

Table 2.2a: USACE ER 1110-2-106 Size Classification

Impoundment
Category Storage (Ac-ft) Height (ft)
Small 50 and < 1,000 25 and < 40
Intermediate 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100

If the Weadock Landfill Embankment had an unexpected release of materials, there
would be little expectation for loss of life, as the location is at the confluence of the
discharge channel and Saginaw Bay.

Table 2.2b: FEMA Federal Guidelines for Dam Safety
Hazard Classification
Loss of Human Life Economic, Environmental,
Lifeline Losses
Low None Expected Low and generally limited to owner
Significant | None Expected Yes
High Probable. One or more Yes (but not necessary for
expected classification)

This unit has been given a Hazard Classification of “Low” indicating that “Failure
or misoperation of the dam results in no probable loss of human life and low
economic or environmental losses.” Losses are limited to the owner’s property.
The facility 1s primarily a solid waste management unit and operated as such. A
perimeter dike, which includes a recently installed bentonite cut-off wall, surrounds
the 292-acre landfill which contains a network of drainage ditches that create the
requisite residence time to settle particulates that enter the facility in accordance
with the approved NPDES permit for the unit. With the exception of Pond F (P3),
which is currently being dewatered and transitioned into part of the landfill, there is
minimal wet volume behind the perimeter dikes that could cause a breach failure.
Further, the facility is located on the shoreline of Lake Huron. Currently, there are
no inhabited buildings, insurable buildings, or public parks between the perimeter
dikes and Lake Huron that could be impacted due to a failure of the perimeter dikes.
It should be noted that a release of fly ash into Lake Huron would not be “generally
limited to owner” and would be a serious environmental issue. It is also worth
noting, that there are sport fisherman in the area at various times throughout the
year. However, due to the fact that the operation is being converted to a dry landfill
operation, this unit has been given a Hazard Classification of “Low”.

J.C. Weadock Power Station 2-3
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2.3 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE
UNIT(S) AND MAXIMUM CAPACITY

The site is designed to store approximately 11,200,000 cubic yards of fly ash, which
is sufficient storage for the life of the Weadock generation plant. The total ash
disposed annually, including ash produced at Karn, is about 228,000 cubic yards.

Table 2.3: Maximum Capacity of Unit

Weadock Landfill Embankment

Surface Area (acre)" 292

Current Storage Capacity (cubic yards)® 560,000
Current Storage Capacity (acre-feet) 347

Total Storage Capacity (cubic yards)* 11,200,000
Total Storage Capacity (acre-feet) 6,940

Crest Elevation (feet) 590

Normal Pond Level (feet) Not applicable '

'Pond F is currently being de-watered and, when complete, there will be no
permanent ponds in the landfill.

2.4 PRINCIPAL PROJECT STRUCTURES
2.4.1 Earth Embankment

Sometime during construction of the Weadock plant, the original dike
structures making up the Weadock Ash Disposal Facility were
constructed. The Weadock Ash Disposal Facility was developed by
reclaiming low-lands through the construction of perimeter dikes and
subsequent fly ash filling. No documentation was found regarding the
original dike construction; however the current elevation of the perimeter
access roads along the west side and portions of the south side suggest a
dike was placed to provide ash containment. The geometry of the original
ash containment facility can be seen on Document 4. This document
shows that ash was deposited primarily along the south side of the
containment area through 1963. Soil borings, performed by MTC in 1991
(see Documents 5, 6, and 7) indicate that clay and/or sand was used to
raise the elevation of the south dike. These borings also indicate that
bottom ash was used to maintain the surface of the perimeter dike roads.

The east portion of the containment area was expanded in 1971 and the
perimeter dikes were raised to elevation 590 feet IGLD8S5 (International
Great Lakes Datum 1985). Details of that construction event can be seen
in Document 8. The purpose of raising the perimeter dike was to construct

J.C. Weadock Power Station 2-4
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a clay perimeter dike that keyed into the hydraulic confining glacial clay
till layer located approximately 20 to 25 feet below the current ground
surface. This clay dike was designed to prevent any potentially
contaminated groundwater from seeping through the dike into Saginaw
Bay from the disposal facility.

However, Consumers Energy later determined that this clay dike was not
effectively keyed into a confining layer. In 2008, a soil-bentonite slurry
wall was installed within the clay dike and keyed into the hydraulically
confining glacial clay till layer to cut off groundwater flow through the
perimeter dike (see Section 4.1.2 and Document 9).

Outlet Structures

The NPDES outlet structure discharge point is located upstream of the
existing fish barrier (see Document 2). Discharge is controlled by a
vertical reinforced concrete pipe drop structure connected to a buried
horizontal reinforced concrete discharge pipe. This vertical riser consists
of a 4.5-foot diameter vertical concrete pipe with a larger diameter
(approximately 8-foot) metal skimmer ring mounted to the top (see
Appendix B, photographs 8 and 9). Water is forced to flow under the
metal ring and over the top of the concrete pipe to skim any floating
material and prevent clogging. The water level adjacent to the edge of the
riser is monitored to measure discharge flow. Water flowing through the
NPDES outfall structure is also monitored for environmental compliance
with NPDES permit requirements. A horizontal 3-foot diameter RCP
discharges to the channel below the water surface and is not visible (see
Appendix B, photograph 11).

Based on calculations submitted to the State by Consumers Energy, the
outfall has sufficient capacity to accommodate fly ash and bottom ash
sluice water and a 25-year rain event. Now that the facility has converted
to dry disposal methods and fly ash sluice water no longer enters the
system, it can be concluded that the facility has sufficient discharge and
storage capacity while maintaining minimum freeboard.

2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT

There are no critical structures within five miles down gradient that could be
impacted due to a potential failure of the perimeter dikes.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

Summary of Reports on the Safety of the Management Units

After the failure of the TVA’s Kingston Fossil Power Plant in December 2008,
Consumers Energy contracted AECOM to complete an ash disposal facility risk
assessment specifically focused on the stability of the perimeter dikes that retain the
coal ash. The results are included in the Potential Failure Modes Analysis (PFMA)
Report, dated November 6, 2009 (Document 10).

In addition, AECOM completed a site walkover and visual inspection of the J.C.
Weadock Disposal Facility on Monday, August 17, 2009. The results of that
inspection are included in an Inspection Report, also dated November 6, 2009
(Document 11).

3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS.

The Weadock plant received an operating license from the State of Michigan,
Department of Environmental Quality (License Number 9233) for a Type III low
hazard industrial landfill on October 15, 2009 (Document 12).

The Weadock plant operates under NPDES Permit Number M10001978 and
Michigan Department of Environmental Quality (MDEQ) Dam Safety Permit
Number 0260.

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS

No spill or releases of ash have been reported at the Weadock plant.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

4.1 SUMMARY OF CONSTRUCTION HISTORY

4.1.1

Original Construction

The initial site plan is shown in Document 4. In AECOM’s PFMA Report
(Document 10), it was reported that no documentation was found
regarding the original dike construction.

Significant Changes/Modifications in Design since Original Construction

The east portion of the containment area was expanded in 1971 and the
perimeter dikes were raised to elevation 590 feet IGLDS85. The purpose of
raising the perimeter dike was to construct a clay perimeter dike that
keyed into the hydraulic confining glacial clay till layer located
approximately 20 to 25 feet below the current ground surface. This clay
dike was designed to prevent any potentially contaminated groundwater
from seeping through the dike into Saginaw Bay from the disposal facility.
However, later studies conducted revealed that this clay dike was not
effectively keyed into a confining layer.

In 2008, a soil-bentonite slurry wall was constructed along the perimeter
dike beginning near the electric fish barrier in the discharge channel
clockwise to a location south of the chemical treatment ponds, then north
cutting across the site through disposed fly ash until it terminated in the
perimeter dike running parallel with the discharge channel. This slurry
wall was installed within the clay dike and keyed into the hydraulically
confining glacial clay till layer to cut off groundwater flow through the
perimeter dike. A portion of the perimeter dike, upstream of the fish
barrier and NPDES monitoring point, did not have a slurry wall installed
to provide a vent for water from the site to discharge.

Significant Repairs/Rehabilitation since Original Construction

There have not been any significant repairs since the original construction.
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4.2 SUMMARY OF OPERATIONAL PROCEDURES

4.2.1

422

423

Original Operational Procedures

Prior to 2009, fly ash was hydraulically discharged to the ash disposal
area, where the ash was allowed to settle by travelling through a series of
channels. Bottom ash was hydraulically discharged to the bottom ash
pond, as it does today, where it is allowed to settle and sluice water is
conveyed to the NPDES discharge structure though channels and culverts.

Significant Changes in Operational Procedures and Original Startup

In February 2009, the fly ash disposal process was converted to a “dry”
operation. The fly ash has a small amount of moisture added for dust
control, then in transported by truck to the disposal area, where is placed
and compacted. Pond F (P3) is in the process of being dewatered to
complete the conversion of the disposal operation to completely “dry”.

Current Operational Procedures

As stated, the current operations consist of trucking the conditioned, dry
fly ash to the disposal area where it is placed in a manner consistent with
landfill operations. Bottom ash disposal is unchanged from original
operation procedures.

4.2.4 Other Notable Events since Original Startup
None.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Cleighton Smith, P.E. and Scott Clarke, P.E. performed a site
visit on Tuesday, September 21, 2010 with four persons from Consumers Energy
and a State of Michigan Department of Environmental Quality (MDEQ)
representative.

The site visit began at 9:00 AM. The weather was warm (mid 70’s, sunny, and
windy). Photographs were taken of conditions observed. Please refer to
photographs in Appendix B and the Dam Inspection Checklist in Appendix C. All
pictures were taken by Dewberry personnel during the site visit.

The overall assessment of the impoundment was that it was in satisfactory condition
and no significant findings were noted. It is worth noting that vegetation, including
large trees, exist on the embankment. Consumers Energy is in active
communication with MDEQ regarding this issue. However, since coal combustion
ash is being managed as a dry landfill operation, the embankment slope is not acting
as a water impounding structure. And, as the woody vegetation is not impeding the
ability to monitor the embankment, Consumers Energy understands there is no
standard or practice related to removal of woody vegetative growth.

52 WEADOCK DISPOSAL AREA PERIMETER EMBANKMENT (SECTIONS A
THROUGH F)

5.2.1 Crest

The crest did not show any signs of significant depressions or settlement.
A gravel service road covers the entire length of the embankment (see
Figures 1 and 2).
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Figure 1 - Crest of Section C embankment, Saginaw Bay area on left, Pond F (P3)
on right.

Figure 2 - Crest of Section D embankment, outside slope on left, inside slope on
right.
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5.2.2 Upstream/Inside Slope

The inside slope is heavily vegetated in areas (see Figures 3 and 4).
However, a vegetation management plan is in place, and much of the
vegetation was being removed during the site visit. Our site investigation
revealed the presence of a non-native invasive species called
“phragmites.” There were no obvious indications of sloughing or erosion.

Figure 3 - Evidence of vegetation removal on inside slope on embankment Section A

Figure 4 - Evidence of phragmites and other vegetation on inside slope of
embankment Section C
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5.2.3 Downstream/Outside Slope and Toe

The outside embankment was heavily vegetated and contained several
large trees. There was evidence of rip-rap in many locations, but presence
of vegetation and trees made a thorough inspection difficult. There were
no obvious indications of sloughing or erosion (Figures 5 and 6).

Figure 5 - Evidence of heavy vegetation and trees on the outside slope of
embankment Section A.
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Figure 6 - Rip-rap and large tree and heavy vegetation on outside slope of
embankment Section C

5.2.4 Abutments and Groin Areas
Not applicable as this is a ring dike.
5.3 OUTLET STRUCTURES
5.3.1 Overflow Structure
Not applicable.
5.3.2  Outlet Conduit

The outlet conduit is a vertical reinforced concrete pipe drop structure
connected to a buried horizontal RCP discharge pipe. This vertical riser
consists of a 4.5-foot diameter vertical concrete pipe with a larger
diameter (8-foot) metal skimmer ring mounted to the top (Figure 7).
Water is forced to flow under the metal ring and over the top of the
concrete pipe to skim any floating material and prevent clogging. The
water level adjacent to the edge of the riser is monitored to measure
discharge flow. A horizontal 3-foot-diameter RCP discharges to the
channel below the water surface and is submerged and not visible

(Figure 8).
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Figure 7 - Outlet conduit intake structure

Figure 8 - Area of submerged outlet in discharge channel
5.3.3 Emergency Spillway

Not applicable; no emergency spillway exists at this facility.
5.3.4 Low Level Outlet

Not applicable; no low level outlet exists at this facility.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION
6.1.1 Flood of Record
No information is available regarding the flood of record.
6.1.2 Inflow Design Flood
Inflow design flood is not applicable to this facility.
6.1.3 Spillway Rating

Based on calculations submitted to the State by Consumers Energy, the
outfall has sufficient capacity to accommodate fly ash and bottom ash
sluice water and a 25-year rain event. Now that the facility has converted
to dry disposal methods and fly ash sluice water no longer enters the
system, it can be concluded that the facility has sufficient discharge and
storage capacity while maintaining minimum freeboard. Currently, there
is Pond F (P3) dewatering and bottom ash decant water entering this
structure. After dewatering is complete, bottom ash decant and local
stormwater will be the only water entering this structure.

6.1.4 Downstream Flood Analysis
No downstream flood analysis was prepared nor appears warranted.
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

There is an adequate amount of supporting technical documentation to assess the
embankments.

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

These embankments appear to be safe from a hydrologic and hydraulic standpoint,
based on the conversion of the facility from wet disposal to a dry landfill.
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION

7.1.1

Stability Analyses and Load Cases Analyzed

The stability of the ash dike structures has been previously evaluated by
Materials Testing Consultants (MTC). The stability of the dike structures
was analyzed for stability with a slurry wall by AECOM. (See
Document 10).

The following assumptions were made in the MTC analysis:

1. Cohesion and internal friction angle were factored into the analysis
(total stress analysis).

2. The beneficial effect of armor stone or slope protection on the
downstream side of the dikes was not considered.

3. The beneficial effect of vegetated soil or cement stabilized fly ash
on the final slopes of the ash storage pile was not considered.

4. Groundwater was assumed to be at elevation 581 feet on the
downstream face and at elevation 591.5 feet at the upstream face (equal to
the dike crest) and was assumed to be mounded within the fly ash
embankment to 20 feet below the final fill height of elevation 650 feet at
elevation 630 feet (IGLD 85).

The stability analysis by AECOM focused on a section of the perimeter
dike separating the north side of Pond F from Saginaw Bay with the slurry
wall installed and ash fill completed to elevation 650 feet at a 4H:1V
slope. The following assumptions were made in the AECOM analysis:

1. Dry moisture conditioned fly ash will be placed and then
compacted to 90% of its maximum dry density from the foundation to
finished grade. (i.e. Pond F will be dredged of all sluiced fly ash prior to
filling.)

2. Groundwater was assumed to be at elevation 576.44 (Lake Huron
All-Time Low Water level) on the outboard face of the slope and elevation
583 and 588 on the inboard side.

J.C. Weadock Power Station 7-1

Consumers Energy
Bay City, Michigan

Coal Combustion Waste Impoundment
Dam Assessment Report



FINAL

3. It was assumed that no beneficial vegetative cover or armor stone
was in place.

4. Material properties were developed using borings and laboratory
tests performed for the design of the slurry wall.

5. Pond F will be dredged of all sluiced fly ash prior to filling.

The stability analyses results for each section considered are summarized
as follows:

* Section A — Factors of safety (FS) ranged from 1.42 to 2.0. The
minimum FS that could result in a loss of ash containment was
reported to be 1.42. The analysis did not consider fully drained
conditions or undrained conditions specifically within the wet ash.

» Section B — This section has not been specifically considered in
previous stability analyses. Since it is similar to Section A in
geometry and ash is not proposed to be stacked in the adjacent Pond
P1, this dike is considered stable, provided adequate freeboard is
maintained.

» Section C — Factors of safety ranged from 2.1 to 4.2. The minimum
FS that could result in a loss of ash containment was reported to be
2.1; greater than the typically accepted value of 1.5. These analyses
considered the effect of interior ground water levels on FS. It was
concluded that higher interior water levels did not greatly affect the
overall stability of the structure. The analyses assumed that the wet
loose ash in Pond F would be replaced with compacted ash.

» Section D — Factors of safety ranged from 1.35 to 3.91. The minimum
FS that would potentially result in a loss of ash containment was
reported to be 1.35. This FS is lower than the typically accepted value
of 1.5. The analysis did not consider fully drained conditions or
undrained conditions specifically within the wet ash.

* Section E — No stability analyses have been conducted on this section.
Section E has remained stable and will not have any additional ash
placed adjacent to it, according to the proposed closure plan.
Therefore, Section E is considered stable based on its performance
history.
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» Section F — No stability analyses have been conducted on this section.
Ash filling activities are planned adjacent to this section and known
wet loose ash is present at this location.

Design Parameters and Dam Materials

Consumers Energy contracted MTC in 1991 to perform soil borings into
the existing embankment as part of their design for vertical expansion.
Their borings indicated a core of predominantly compacted clay. The
borings are included in Documents 5, 6, and 7.

Uplift and/or Phreatic Surface Assumptions
Not applicable.
Factors of Safety and Base Stresses

MTC factors of safety are shown in the following table (see
Document 10).

Structure Loading Conditions Failure Surface | Developed
Factor of
Safety
Dike Separating Pond B1 Existing geometry without Deep Seated 2.0
and the Discharge Channel | slurry wall Failure of Dike
(Section A)
Dike Separating Pond B1 Completed fly ash fill to el. Deep Seated 1.85
and the Discharge 650 without slurry wall Failure of Dike
Channel (Section A) and Ash Fill
Dike Separating Pond B1 Completed fly ash fill to el. Deep Seated 1.42
and the Discharge 650 without slurry wall Failure of Ash
Channel (Section A) Fill
East Perimeter Dike Existing geometry without Deep Seated 3.91
Bordering Underwood slurry wall Failure of Dike
Drain (Section D)
East Perimeter Dike Completed fly ash fill to el. Deep Seated 1.98
Bordering Underwood 650 without slurry wall Failure of Dike
Drain (Section D) and Ash Fill
East Perimeter Dike Completed fly ash fill to el. Deep Seated 1.35
Bordering Underwood 650 without slurry wall Failure of Ash
Drain (Section D) Fill
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Structure Loading Conditions Failure Surface | Developed
Factor of
Safety

South Perimeter Dike Existing geometry without Deep Seated 1.97
Bordering Tayce Drain slurry wall Failure of Dike
(Section D)
South Perimeter Dike Completed fly ash fill to el. Deep Seated 1.78
Bordering Tayce Drain 650 without slurry wall Failure of Dike
(Section D) and Ash Fill
South Perimeter Dike Completed fly ash fill to el. Deep Seated 1.42
Bordering Tayce Drain 650 without slurry wall Failure of Ash
(Section D) Fill

AECOM factors of safety are shown in the following table (see Document 10):

Structure Loading Conditions Failure Surface | Developed
Factor of
Safety
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.3
(Section C) — Undrained to top of slurry wall (el. 588 of Ash Fill
Conditions feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.1
(Section C) — Undrained to static water level in Pond F | of Ash Fill
Conditions (el. 583 feet)
Pond F North Dike Inboard water elevation equal | Deep Seated 2.3
(Section C) — Drained to top of slurry wall (el. 588 Failure of Dike
Conditions feet) and Ash
Fill
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.3
(Section C) — Drained to static water level in Pond F | of Ash Fill
Conditions (el. 583 feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.2
(Section C) — Undrained to top of slurry wall (el. 588 of Ash Fill
Conditions feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.2
(Section C) — Undrained to static water level in Pond F | of Ash Fill
Conditions (el. 583 feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.4
(Section C) — Drained to top of slurry wall (el. 588 of Ash Fill
Conditions feet)
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(Section C) — Drained
Conditions

to static water level in Pond F
(el. 583 feet)

Structure Loading Conditions Failure Surface | Developed
Factor of
Safety

Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.4
(Section C) — Drained to static water level in Pond F | of Ash Fill
Conditions (el. 583 feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 4.2
(Section C) — Undrained to top of slurry wall (el. 588 of Dike
Conditions feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 4.2
(Section C) — Undrained to static water level in Pond F | of Dike
Conditions (el. 583 feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.0
(Section C) — Drained to top of slurry wall (el. 588 of Dike
Conditions feet)
Pond F North Dike Inboard water elevation equal | Shallow Failure | 2.1

of Dike

In addition, MDEQ provided technical comments to the stability evaluations performed by
AECOM. In response, Consumers Energy retained SME to collect field data and perform an
updated slope stability evaluation (Report on Dike Slope Stability Analyses, dated November 23,
2010). The SME report indicates a minimum factor of safety for dike slope stability of 1.4 for
long-term conditions, which occurs along a dike interior to the landfill property, and not adjacent
to the Waters of the State. The SME report indicates that, for this less critical dike, a factor of
safety for the long term condition is acceptable. The MDEQ is currently reviewing the SME
report and will be providing technical comments in the near future.

7.1.5

Liquefaction Potential

Not addressed.

Critical Geological Conditions

Seismic analyses were not conducted as the site is in a seismic zone 0.

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

Supporting technical documentation is adequate to perform required assessments.
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7.3 ASSESSMENT OF STRUCTURAL STABILITY

Overall, the structural stability of the embankment appears to be Satisfactory based
on:

e Plant is converting from a sluicing operation to a dry landfill operation;

e Consumers Energy performed an independent assessment of embankment
stability which did not raise any serious stability issues;

e A vegetation management plan is in place;

e Dewberry’s site inspections and review of technical information did not
reveal any serious safety issues.

e Slope stability factors of safety less than 1.5 are limited to embankments for
which management unit contents would be contained on owner’s property.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATING PROCEDURES

The Weadock facility has a number of procedures related to standard and
emergency operational requirements for the facility. The emergency procedures are
contained in the “Spill Control Plan Procedure” which can be found on site at both
Karn and Weadock. Standard operations include daily inspections of the NPDES
outlet. In addition, regular general site inspections of the Weadock ash disposal
facility are made by security staff. Periodically, operators observe the degree of
siltation in the intake and discharge channels and if needed, dredging is completed
to maintain those channels. Ash filling operations are limited to 12 feet per year
with lifts not thicker than 3 feet per site development specifications included in
Appendix B of the solid waste permit.

Currently there is no standard operating procedure to maintain a specific elevation
in the ditches or internal ponds. Sluice water travels to the NPDES outfall point as
follows:

1) by gravity from the discharge point, including by gravity from Pond F;

2) down ditches, through drop structures, and culverts between internal
conveyance channels, and

3) to the NPDES outlet structure into the plant discharge channel.

The ground surface elevation at the discharge pipe in the bottom ash pond is
approximately 595 feet. The NPDES outfall weir is at a fixed elevation of 581.45
feet. Assuming a dike crest elevation of 590 feet, the freeboard at the downstream
end of the flow path is approximately 8 feet.

The outfall has sufficient capacity to accommodate fly ash and bottom ash sluice
water and a 25-year rain event. Now that the facility has converted to dry disposal
methods and fly ash sluice water no longer enters the system, it can be concluded
that the facility has sufficient discharge and storage capacity while maintaining
minimum freeboard. In addition, plant personnel noted that a large storm event was
experienced by the outfall structure in the summer of 1994 and was contained with
no noted overtopping of the perimeter dike or loss of containment.
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8.2 MAINTENANCE OF THE EMBANKMENT AND PROJECT FACILITIES

The Weadock ash disposal facility has a set of procedures governing the operation
and maintenance of the ash disposal area. The current monitoring plan
implemented in the second quarter of 2010 directs Consumers Energy to monitor
static water elevation in a minimum of nineteen (19) monitoring wells on a
quarterly basis. The current Consumers Energy Operations and Maintenance
Manual is Document 13.

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operating Procedures

Operating procedures appear to be adequate and consistent with industry
standards for landfill operations.

8.3.2 Adequacy of Maintenance

Maintenance plan procedures appear to be adequate. Even though the
vegetation on the outside slopes is not consistent with industry standards,
there is a vegetation management plan in place for the inside
embankments (see Document 14). Consumers Energy and the MDEQ
Dam Safety office have been in a dialogue regarding the vegetation issue
on the outside embankments. An interim vegetation management plan
was approved by MDEQ on 9/28/10 and a final plan (dated 12/30/10) is
currently under review. Consumers Energy is in contact with the State of
Michigan DEQ regarding vegetation on the embankment slope.

AECOM, in their PFMA report, stated that “although there are many trees
growing on the slopes, it is unlikely than even a large tree uprooting would
cause sufficient dike instability to cause a slope failure and loss of
containment.” These facts, combined with the conversion of wet sluicing
to dry operations, lead to the conclusion that maintenance procedures
appear to be adequate.
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES

Weadock plant staff perform visual inspections of the perimeter dikes twice daily.
The State of Michigan Dam Safety office performs quarterly inspections.

9.2 INSTRUMENTATION MONITORING

Monitoring wells for measuring water elevation are located on the inside edge of
the crest and outside edge of the crest throughout the site (see below). A minimum
of nineteen (19) wells are monitored on a quarterly basis. Typical groundwater
elevations at these wells are shown in Document 15. There are no survey
monuments along the crest to monitor settling. However, Consumers Energy
conducts an annual ash aerial survey that contours the topography of the ash fields
to within +/- 1.0 feet, with individual measurements accurate to 0.1 feet.

Figure 9 - Monitoring wells
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9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM
9.3.1 Adequacy of Inspection Program

Based on the data reviewed by Dewberry, including observations during
the site visit, along with the current operation as a dry landfill, the
inspection program is adequate.

9.3.2 Adequacy of Instrumentation Monitoring Program

Based on the data reviewed by Dewberry, including observations during
the site visit, and current operation as a dry landfill, the inspection
program is adequate.
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Document 2: Labeled Aerial Photo



Document 3: Embankment Section Locations



Document 4: Initial Site Plan
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Document 8: Ash Field Extension-Pond “F” Sections and Details



Document 3: Slurry Wall and Embankment Section Location Map



Document 15: Groundwater Elevation Map
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L L L Lseams, some silty clay, and sand seams L L
10 L L B
S-4 1.2 [ WOK-1-2 " samse (10
i i " CL [ Gray silty CLAY, some coarse to fine' gand, Gurk 3
b v o m“‘ 13!* L
15 U I I i " Gray madium to fime SAND, trace fine gravel, PR "
| 55 :1-‘ - WOH-1-3 PSP Firace silt, wet with trace shell fragments 5 co -
2 - L L 19'= L
$-6 [ 1.5 [ 7-10-15 [ CL [ Brown with gray mottled silty CLAY, some coarse Switched to rotary dril-f"
r r - Fto fine* sand, trace fine gravel, moist "~ ling 3t 20'.  §usdTse F2.5
u-7 [ 0.0 [snetby tue [ [ [ Pulled shelby tube off |
| shelby tube head. Rotary
250 s-a | 1.0 L 12-20-23 | cL [ Gray with brown mottled silty CLAY, little drilled to 24'. Pushed | g9
L L [ | coarse to fine sand, trace coarse to fine* |  tube off to side of holg —
1 L e L . gravel, moist K [
pe o = b - o -ylo
30 L L
I " B r Unable to get sampler [
| i r i i , " past shelby tube. i
. . - - - End of Boring at 29.0 F Augering to 24' did not [
" - - b - o M]p. -
35 - > - o - o -

* Visual estimarte unless (aboratory testing has been pesformed,
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s LOG Project Ne.__4420
OF Boring No. __8-1A
PHONE 816/4568-5489
BORING Sheet 1L_of 2
Project Weakock Ash Ponds Contractor Mateco Drilling Emmy
Client Consumers Power Company Date 9-10-91 Due Enc 9-10-91
Location Bay City, Michigan DIA. X
Crew Chiof__D, Drever | Orill Type __ CME S5 Caaing HSA 44" Ouring 1274
I S. Thompson Plugging Record; Backfilled | Sempilar SPT - da End NA
A d By _SmMT with excavated soil. Core Seopage
Elevation 592= Cave in at 12'. Tube Shelby | 3" Oats Depth
Datum Depth Drited. 61.0' Rotary bit Cone | 35/8*
Notes: 5'S of 8-1
SO TYPE: Coarse Graned (Conesioniess) Fine-Grmned (Cohweaive)
Soulder | > 12") Gravel - Coarse (3" 10 %) Send - Coarse (No. 4 9 No. 10) st L Cayand St 0 <Pl<20
Cobbles (12" 20 3") « Fine (3" 1o No. 4) - Macium [Ne, 10 o No. 40) Cayey Sit 1 <Pl <$§ Sty Clay NV<P<
- Find (No. 40 1 No. 200) Sik and Clay §5< P <10 Clay P > 40
- F.)
aP
: : : : : Moved 5' south of B-1 I
I L L I L See voring log B-1 for soil | Augered to 24' then
| | | | k description from 0' to 29' switched to rotary
5/ | | drilling. First sanple
I [ [ " taken at 30°. 3
10 L L " L L
. L S . b L S
- - - - s L .
15, L L B = L L
4 9 L L L - -
20, L L L+ L L
B " - b - b -
30f s-1 , 1.5 : 8-15-17 | CL | Gray silty CLAY, 1ittle” coarse to fine sand, [ :
. i N L | trace fine grevel, moist B 4.5
. 7-12-19 L L L . ->4.94
| Shelby tubel CL [ L Only able to push 28.5
. - - L helby tube 1.5°
7-10-16 [ o T, -

' Visual estmale uniess (aboratory testing has been performed.

Document B: Log of

Boring (2 of 9)
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L
60} s-8L1.6 -7-10-18-24 | CL

gmm LOG Project No.___#420
OF Boring No. __B-1A
PHONE 616/456.5469
BORlNG Sheet 2 _of ¢
| fmow e 4 | 00| *DESCRIPTION REMARKS ap
ASTM O 1508 CLASS)
L L (L Gray sflty CLAY, Tittle coarse to fine sand, [ 45
- ’- - [trace* coarse to finet gravel, moist i §
N - r o K B ~
L L - f L L
45855 L0.0 L 12-15-20 |CL - ~  No recovery -
L - L+ - L
L L IEE L L
L - L b L L
50| S-6 L0.1 - 12-8-16  LOL L L Samp er partially blockes,
4 - L o - L only shavings recovery r
550 s-7 [ 1.0 _ 4-3-1¢ [ Leray silty clay, some coarse to fine® sand, L L
L i i L1ittle coarse to fine* gravel, moist | Qu24 T 4.5

H b " - L
L g L .
L L L End of Boring at 61.0'
65| L .G L L
5 - L .
L - L L
o] L. L |
|
4 - - - -
0 [ [
1 [ |
750 L 2 L b
! L X L L
30. L = L L
L - - F

&
) Gt s e e e el
——
U
T
T

x
T
]
r
Al

1 —-
—
.
Ty

-

* Wisyar astimare nfess \abovatorv testne has teen pevformed
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aerials LOG Project No. %20
i OF Boring No. __ 82
PHONE 616/456-5460 .
Project Meadock Ash Ponds Contractor _____Mateco Drilling Company |
Ciient Consumers Power Company Date -12~ Date En %T_.
y Bay City, Michigan | TYPE 3
Crow Chist ___D- Dreyer Dvill Type OME 55 Casing Hsh | &y During 9.5
{nspector 5. Thampson Piuggng A Backfilled | Sampler SPT 2" End NA
A d By ST with excavated ﬁﬂ“ Core S_‘!EQL
s . Tuoe Shelby| 3 Date __ Depin |
tum Depth Drilled 50,0 Rotary Cone |3 5/8*
Notes: _315°E of SN corner of Pond F south
" SOIL TYPE. Coarse Gransc (Corascniess) Fine-Gemnec \
wg'am m.cw'-m"mww m-muu:;:mm‘m st - :':p'“, q’:,yms: m:::g
2 - " v . 15 No. Claywy
Covctes (12 lo 37) Bl " P o, 5 10 Na. 2000 Silt anc Clay 5 P1 < 10 Clay P> 40
Minar Component: Trace 1-10%. Little 10.20%, Some 20-35%, And 35-500h QP = Catbrated Penetromeser Asading (T Ft)
[ | e | ‘son *DESCRIPTION REMARKS ap
| ASTM 0 1588 [CLASS.
| _ gy L Dark brown to black coarse to fine” SAND, some| L
I silt, little coarse to fine gravel, moist with| ,
S-1F1.5F 887 coal fragments and ash 72 r
L L CL - Gray brown silty CLAY, and coarse to finet | r
| sand, trace f1 Lg's L
5 $2 F1.5F 1-1-1 - s L Light brown to dark brown medium to fine SAND,+ -
S ML L L trace silt, trace fine gravel, moist with fre-+ s
| quent thin seams of black silty sand L7 L
L r 1.0
S-3 LL2L WOH-1-1 Lo +Brown si1lty CLAY, some coarse to fine sand, | t
3 - r r *moist with frequent thin black stity sand seamf
S-4 [ 1.5 MOH-1 - 10.5' I
I 12 SP [ Brown mediun to fine SAND, trace” silt, wet | I
r I I [ with trace shells ,
L L 13'= r
15 L L L} + " 2.0
$-5 6-9-14 | L _Gray brown silty CLAY, some coarse to fine %.‘52‘41;‘ | &
r I I sand, trace coarse to fine gravel, moist i
Hu-6 | 1.5 [snetby tabelbct - 4.5
2l,IS.; M 1.8 L 9-12-23 el [ Switched to rotary  [0%-9
I Sy | | 2 - drilling at 20' I
- r t T E %u (s-NHe N3 TIF -
'Y L} L | L i
25858 | .12- s -
!S 8 r1.4 - 10-12-18 FCL [Grades gray [ 4.5
L L L L
| - ~ o o o
1 [ L L
30i5-9 L1.4 | 10-15-18 LCL LGray silty CLAY, some coarse to fine” sand, - 4.5
T # L Ltrace coarse to fine* gravel, moist r -
L L L L L s
- L - - - -
asfs-10 1.5 | 10-16-18 | | . 243
L L L F L L
s-1171.5 [ 9-ma-21 [ecL [ I 4.5

* Vléudesmmumurmmmgnumwform.
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LOG Project No 4420
OF Boring No. B-2

BOHI NG Sheet =—zi.2_
*DESCRIPTION REMARKS QP

45§5-12 [1.2 - 8-12-19  [fL |Gray silty CLAY, some coarse to fine' sand, L F>4.5
L L L \ltrace fine gravel, moist L r

- -

S-13 1.4 © 7-12-18 [CL >4.5

L L ey L
L L S ¢ L L

i r " " End of Boring at 50,0' 7 1

L L Lk L L

55 L L L - L L
L L L b B L

L L L L L L

I L | L L

| L L L L L L
60 L L L L L L
X b b b - F -

4 - = b - = o

- - - - ™ 3

- - " - - - -
65 L | % - -

T
L2 L 25 R K . D B OOt I %l 2
T
T
L

s |

o] [ [ A ; l
| I

b > - -

- - » = -

B - - - - - d
85| L1 L L
. L - -

H L S L s 3

- L L L o k

- - - > o

”ﬂf.: [ :
R : :

* Visual eshimalte uniess \aboratory fesning has been cerformed.
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LOG Project No, %420

OF Boring No, __8-3
PHONE §16/456-5469
BORING Sheet 1 of _2____
Project __ Weadock Ash Ponds Confracior Matece Drillin ¥
Cient Consuners Power Company Date 9-11-9 Date Enc 9-11-91
Bay City, Michigan DIA.
Location R
Craw Chiet D Dreyer ‘omlryp. CHE 55 _Casng HSA | 4y" During _ 13.6
inspector S. Thompso gng Recorg; _Backfilled SPT 2" End NA
4 swr l mtn excavated soil Care Seepage
p 593¢ ' . Tube byl 3¢ Date Depth
Datum ! Degth Drited 61.0 Rotary Cone 135/8°
Notes: 120'N _of SE corner of Pond F scuth
e e
TYPE: Coarse Qv (Canesiorioss| m-emm(cam‘
eszLauva"l e orave - Coarse (3 1o %) Sang - Coarse (No. 4 % No. 10) Sit Pl< Clay and Sit 30 < P| < 20
Coties (12" 0 3" « Fino (%7 ™ No. 4) -~ Macium (No. 10 o No. 40} Clayey Sit 1<P<3 snyo.y 20 < Pl < 40
- Fina (No. 40 10 No. 2000 saucuy 5< < 10 Pl > 40
Minor Component: Trace 1-10%, Little 10-20%. Some 20-35%. And 35.50% = Calbrated PWQ (T Fr.)
| VT | sy | s0n | *DESCRIPTION REMARKS ap
ASTM D 158 joLass.)
s | 8lack coarse to fine” saND, and silt, moist | |
i y { ] 1S
S-1 1.0 : 5-5-5 :CI. :Gray brown silty CLAY, some coarse to fine Brown silty coarse to b
3 L ;.:‘M' trace fine gravel, moist with frequent fine sand in cuttings t
5 X e L while augering from  +
-2 1.4 : 5-4-5 r [ SC | r | Gray coarse to fine* SAND, and silty clay, L Sel 20 S-2. &
" | L trace fine gravel, moist with trace organics | .
$-3 L 1.5- 1-2-4 L -
- - - | b -
0f [ - [ [ I gans |
S-4 {15 1-3-3 | SP l_Black medium to fine SAND, trace s1it, moist | ¢zo L
[ 3 [ with trace organics A A
[ L Lt r I
- 14's o
15y L sk ' L
=5 | 1.5 7-8-13 | CL ' Gray silty CLAY, some’ coarse to fine sand, X 1_:‘-01\! 4.0
i L | trace coarse to fine* gravel, maist L L
Hu-6 - 1.5 ~shelby tubeF CL F F Only eble to push 4.0
o L 2 L L r sheldy tube 1.5' r
2"Is-r 1.5 = 9-15-19 [ CL  Grades gray brown g ok
25 L S L . ) 3 - -
IS-B Lz L 14-20-28 | CL | Dark groy silty CLAY, Jittle” coarse to fine | >4.5
| L L L | sand, trace coarse to fine' gravel, moist L COBBLE at 26’ L
| L i
' L - ! -
M - L - - L L
3°|s-9 f1.5 7 13-19-21 A | I i
Bog | L L Switcled to rotary 24-9
L L L L - drill'ng at 30" -
35|s-w [ 1.6 | 15-47-29 [ cL [ 4" medium to fine sand seam at 35' i s
l [ i i _ Ko recovery _
s-11[0.0 [ 33-35-49 [ [

* Visual estimate uniess laboralovy testing has been performed.
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‘ LOG Project No. 4420
OF Boring No. __8-3
BORING Sheet 2 _of 2
*DESCRIPTION REMARKS ap
10-18-25 | @ : Gray silty CLAY, little coarse to fine sand, L 24.5
L | trace coarse to fine" gravel, moist L -
’ b -
A Lk L L
Lok L 24.5
L L L L L
" [ t ' [
71015 | u.t - gurzome |30
| [ [ [ [
[ 0 [ [ [

- ~ |'- o ‘5
60fs-15_2.0 = 7-8-10-10 Cl.i. L :.2-0
I . ' I [

}. L L L L

H L 3 S End of Boring at 61.0' L L
6s L L L 1 L L
| { L L

/S S ; [

i L L D [ [
704 L L L L L L
I [ L | I I

1 [ = O ,

| Ll I I
75‘- - '- - - - -
r L - L 8 L -

| L L L} L L
80: : [ : L L
| [ I L[ I [
85, L L L L L
L[ [ [ [ §

- - o > - -

| L L s L L
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aterials LOG Project No.___%420
OF Boring No. __8-4
PHONE 616/456-5469
ot Weadock Ash Ponds Contracior Wateco Drilling Company
Cient Consumers Power Company Dato Begn__ 9i %‘Wl'” Dato Enc %
N Bay City, Michigan
Crew Chiet D. Dreyer Orit Type CME 55 Casn HSA | 4yt Ounng _ 11'%
Eapestor S. Thompson ng R Backfilled] Sampler SPT 2" End WA
A @By __SMT with excavated soil. Core Seepage
paking Cave jn at 18.2' Tube Shelby! 3+ Dato Degtn
Datum Degth Drilled 50.0° Rotary Cone {35/8" 9/12 150"
Notes: 150*N of SE corner of Pond F south
T_MA Coarse (Cohasioniess) Fine-Gramd
Boulder ( > 127 me-mn"b&"l M-W-(m‘:m”;% S i :':P'|<s g:g:sn ;g:::g
. — - Medium (No. 10 1o No. Clayey
e ey .mma':nnom S ang Ciey 5< P1 < 10 Cay P >4
Minor ent: Trace 1-100, Litte 10-20%, Some 20-35%, And 35-50% QP = Calibrated Penetrometer Reading (Tons/Sq Ft
e "'m""] Vo | s Por 47 | 808, *DESCRIPTION REMARKS apP
| ASTM D 15 |CLASS
L | | Black grading to brown coarse to finet sayp, | L
| T gome stlt, moist with coal and cynder L L
ro7-10-10 [ . fragments 2.5'2 4.5
[ L CL , Brown siltyCLAY , and coarse to fine sand, L L
L . trace fine gravel, moist with zones of coarse . -
l_ 4-3-4 | CL | to fine sand, some silty clay - GueS6 TSF ':2.0
L 1-2-3  hCL FGray silty CLAY, and coarse to fine sand, - quzié TSE FL.s
L L trace fine gravel, moist - r .
T 3-4-5 [ CL [2* wet coarse to fine sand seam in tip of quedazmE [
I [ [ spoon L
i : i |
I [ + 0.5
" WH-1-2 [ CL L Gray silty CLAY, and coarse to fine gand, o $,=o-sfﬂ= P
. + " Fmoist,trace organics, with 3* wet medium to [ 4" of blow-in before
r P rfine sand seams in tip of spoon ~ sampling at 20". Possi-*
L s -— _ ——t hle sanc Tayer between t
- - - - 16" and 19'. i
- 4-9-17  FOL Ll:ny with brown silty CLAY, some coarse to Switchec to rotary dril-| i
i 1 " fine* sand, trace coarse to fine* gravel, ling at 20'. guré.ETF .
i i Fmoist |
[ shelby tubel  L™'°  Unable to push shelby [
3 - - r tube more than 7%. [
~ B-13-18 RCL *=grades gray F =>4.5
L - L -
- > - o
v - o - -
-~ 11-16-20 FCL = - [N-S
L 10-15-24 | CL | Gray silty CLAY, some™ coarse to fime sand, 4.5
L L - 11ttle coarse to fine® gravel, moist r r
9-15-19 [ [ 54.5

‘vWeammunmhbmmmsMghnampmmnd.
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LOG

@i - OF

Project No.

4420

Boring No.

B-4

PHONE 618/456-5469
BORING Shest =2&-
Sameter PENKTRATION | *UNIP.
[ T | e | son *DESCRIPTION REMARKS P
' ASTH D 1508 _u_“-
L | (L |Gray silty CLAY, little™ coarse to fine sand, |
L | Ltrace coarse to fine* gravel, moist -
458532k 0.1 b 11-16-21 LCL | . L Sampler partielly
' L L L - blocked.
4 - ! - - :
L - b
S-13; 8-12-20 wCL ~ L
i 187 sl |
1 i -
1 ; L L
L EE R ; t
| L End of Boring at 50.0° L
55 F L L L
| .
Il ] P L
" r ~ "
60 . . R - -
! E s L L L L
U - o L e L L
I | R L L L
! | [ [ I -
sy - L L Gk L I
t = IS - - - r
1ol o : -
| 3 f L L
I i_ i & L L -
704 L [ L b - r
| L :. 5 L r L
W L L L . L s
75; - - - - o ~
» L - - - - L
| L L . L - -
wh - - - - -
- - - - - o r
85 L L L L o -
H - o - - " "
- - - o o - o

* Weal aetimam wlane mhamioey astino has hean parformed.
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SUMMARY

OF LABORATORY TEST DATA

Baring
Nusber

Senple
Depth

Sanpie
Tupat*

Semple Description
and

Unit Melght

pel

USCS Classification

Dry

Unconfined
Compressive
Streagth
KSF

Percent
Finer
No. 200
Sleve

Specific
Gravity

Natural
Moisture
Content

Atterberg Limits

Direct Shear

L. P.L.

Pl

PSF

cohesive |internal
strength *ﬂwan_ogm

degrees

B-1

8.0°

sS

Brown silty CLAY, and
coarse to fine sand
(CL)

115.0

3.5

17.4

B-1

10.5'

5SS

Gray silty CLAY, some
coarse to fine* sand
o)

132.2

112.7

2.6

17.3

B-1

15.5*

55

Gray medium to fine
SAND, with trace

shell fragments (SP)

2.6*

2.70

0 34.0*

20.5'

55

rown/Gray mottled

1ty CLAY, some coarfe

to fine SAND, trace
fine gravel (CL)

144.3

130.8

9.3

10.3

55.0'

S5

ray silty CLAY, somey
oarse to fine sand,

.“W«Mm mmmmuu to fino

146.0

131.0

5.7

2.1

11.6

B-2

15.5°

s5

ray brown silty CLAY}
some coarse to fine
kand, trace coarse to|
Fine gravel (CL)

144.3

129.1

11.7

B-2

20.5"

SS

iray brown silty CLAY
kome coarse to fine

J58- o121, e

143.9

130.8

2.7

B-3

10.5"

§S

Black medium to fine
EAND, trace silt (SP)

4.9¢

2.61

0 31.5*

B-3

15.5°

55

fray silty CLAY, sone
Loarse to fine sand,

wmumm_nmmmma to fine

152.7

140.7

10.0

8.5

B-3

$5.0'

S5

ray stlty CLAY, 1it-
le coarse to fine sa
race coarse to fine

=

’
147.8

1L lo)

132.3

4.0

11.5

* Graphic Presentations of Results of Triaxial, Comsolidation,

CBR, Proctor, Grain Size, and other tests follow this summary

** 55 = Solit Spoon Samole (ASTM D 1586
UD = Undisturbed Sample {ASTH D 1587

Materials T_r'asting (Consultants =

A R YMGUTH L ARG S, wee S 1 AONE SLATI S

JOB NUMBER:

4420

PAGE__L OF__2

Summary of Laboratory Test Data (1 of 11)
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SUMMARY OF LABORATORY TEST DATA

Summary of Laboratory Test Data (2 of 1)

Document 7

Unit Meight Unconfined | Percent Direct Shear
Borf Sanp! Sasio} Sawple Description pef Compressive Finer |Specific Hatura) Atterberg Linits
zi_uanﬁ a-ooaw:.a ~uﬂw.m Py Strength Mo. 200 | Gravity zac_u.::‘.o cohesive | Internal
Y onten -
USCS Classification et Dry KSF Sieve LL. PL. Pl m-aumw»: mmwnw_o
Brown silty CLAY, and
coarse to fine sand
8- 5.5' S5 mmﬂwo fine gravel | 143.1| 129.8 1.2 2.69 10.1
Gray silty CLAY, and
B-4 8' §s  |coarse to fine sand, | 144.8 | 131.1 3.3 11.3
trace fine gravel ((CY
Gray u._—wso~><. and
B-4 10.5" S coarse Lo fine sand, ; 3 .
trace fine gravel (Ci]) 10:) Al L ol
Gray m._n*‘nr>4. and
H ' coarse to fine sand
B-4 15.5 sS trace organic matter | 143.8 | 128.5 1.7 11.9
(CL)
Gray/brown silty CLAY],
B-4 20.5" Ss some coarse to fine 145.2 | 1317 13.0 10.2
masn. »sanm mmnﬂum to
ine grayve
B-1 0-2' §S flyash e,
o N ray flyas during
287Q 3" test i 00 5
ss 58 avg,
B-5 37 3 ray flyash durt 70 10
2979 test
. 55 60 avg.)
8-6 3'-7 b ray flyash a.:.:i 80 23
297Q Lest
s 70.9 avh.
B~6 37 ray flyash durt
3 - 300 28
297Q test .
* Graphic Presentations of Hesults of Triaxial, Consolidation, B‘I" gu ?i
(AR, Proctor, Grain Size, and other tests follow this sumary D LMOUTH ML R SARSS T 4OB - AT VIRAIS S4
. 44
** 55 = Solit Spoon Sample ”35 0 1586 JOB NUMBER: 2Q
U0 = Undisturbed Sample

ASTH D 1587 PAGE 2 OF 2




~N w
. .
= o

SHEAR GTRESS IN KIPS PER 8Q. FT.
)

- ——— - ' S S SUNSS [ U S S— ap—

120 f—— SRS st B SE- HR S BN V) e B U

p———— e R . . - - - o SN S

— Sl Ui SN e S P

@ — Mormal Stress = 1,1 ksf
4 — Normal Stress « 2.0 ksf
B — HNormal Stress = 2.9 ksf

AN X 0.0001 IN.

Contraction : Expansion

20 80 120 160 200 240 280 320 360 400 440 480 520

NORIZONTAL DISPLACEMENT X 0.001 IN.

OESCRIPTION OF
SPECMEN:  Brown coarse to fine’ SAND with shell fragments B-1 (14.5°-16') 34991 | DIRECT SHEAR TEST
19sid Lemig (3} Fingl % [
| Plagtie T zz) Usit Dry Weignt [ocf) ASTM D 3080
P 1cd i
Iﬂ = 20,4 | Friction Angle g 34°
! 1 Mater Contest (%) a
s',._:"f:« Cravity 2.0 ress (Kl CJmarais T esting (Clonsuants.e
TEST SPECINEN PRCPERTIE 3 1 AT —t ST
aeeter of Soecimen {in. | A
|a1t18) HEIght of Soecewes 1n. | Testes oy- Date:

aits r

nitsal Yol il MT
3l Wi Chactes by % Jos NS,

N et
) -

L rass

11/4/91
4420

t j5

Ul 12 et
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3.0 - b - - - . —_——————
£ | VO L R S _
; o N @ = 31.5%
22.01- - - - i -
-
-
= LT - .
E = e —al | SE5S —ITT
31.0— — = T — - T ——— ]
g L S W 3 I 1 J S |3 B e
- < DO L BN e e e A e
1.0 2.0 3.0 7.0 5.0 6.0
NORMAL STRESS IN KIPS PER SQ. FT.
120 |- 35 el S e ey ISP N 0 [ LU+ 1 PPN Mol SR o
- @— Normal Stress = 1.1 ksf
80 f— ¥ / @ - Normal Stress = 2.1 ksf
g B Mormal Stress = 3.0 ksf
5
§ =Y T
g
LR —_—-
o
» —— -
=
f “w
-
w
E »
g wf = LSRR, S PSSR B [ T
o kﬂ‘b"‘g——o—-o‘_c o —0 T T r 1 o
-m[ - —— e ————— i b ISl b dl - ME L L i
4 B0 120 160 200 240 280 320 360 400 w0 480 520
HORIZONTAL DISPLACENENT X 0.001 IN.
DESCRIPTION OF
SPECIMEN: Dark brown medium to fine SAND, trace organics B-3 (9.5'-11') 34996 DIRECT SHEAR TEST
L ol ] ) 1d &
=:am( Lime (%) u'm n:v vmgn: Toelt ASTM D 3080
Naspicity index (%) %
Tlatera | wates (onteat |30 27.1 Friction Angle, § 31.5
s:o:frr Gravity 2.81 Tea | X [merias q?ll" (CEonmuftants v
TEST SFPECIMER PROPERT L _l_l_l! = m . oot
aseter of Sosciven (1= 2.5
P18l MEIOET 87 Scecines 110 #:ﬁ: Terted by Date:
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1.0 Introduction

In December of 2008, a hydraulically placed ash landfill at the TVA’'s Kingston Fossil Power plant in
Tennessee failed, leading to significant environmental impacts. As a result of this failure and in order to
better understand the existing and future structural (geotechnical) and environmental risks related to the
J.C. Weadock Ash Disposal Facility, Consumers Energy Company (CEC) contracted AECOM to complete
an ash disposal facility risk assessment specifically focused on the stability of the perimeter dikes that
retain the coal ash. This report details the assessments made and actions recommended to reduce
future risk at the J.C. Weadock Ash Disposal Facility. The following sections discuss those assessments
and risks and highlights recommended actions to reduce those risks through a process called Potential
Failure Modes Analysis (PFMA), which is similar to that employed by the Federal Energy Regulatory
Commission (FERC). The risk evaluation approach used for this project is outlined in Section 1.1.

During the preparation of this PFMA report, the available project data including information gathered at
the PFMA session were reviewed and have been summarized in Section 2.0 of this report. The results of
the PFMA session are summarized in Sections 3.0 through 7.0 and include Hazard Classification,
Potential Failure Modes Identified, Risk Reduction Measures, Findings and Understandings, and

Conclusions and Recommendations, respectively.

1.1 Risk Evaluation Approach

The PFMA completed for this project is based on industry-recognized methods and procedures that are
familiar and recognized by the regulatory community. The PFMA approach is described in Chapter 14 of
the FERC’s Engineering Guidelines and was used for the evaluation of this project. The U.S. Army Corps
of Engineers (USACE) employs a similar approach for dams at risk based on probability of dam failure
and consequences if failure were to occur (USACE Website, 2009). The USACE’s program employs a
method called Screening Portfolio Risk Analysis which is designed to assess the relative risk of dams
similar to the FERC’s PFMA approach.

For this project, the PFMA was intended to be a tool to identify possible ash dike failure mechanisms.
Traditional dam and project works safety evaluations have tended to focus on a limited number of
“standards based” concerns such as hydraulic capacity of spillways and computed stability of structures
under a set of pre-defined load conditions to achieve minimum factors of safety against failure. The
PFMA is intended to broaden the scope of the safety evaluations to include potential failure scenarios that
may have been overlooked in past investigations. By definition, a PFMA is an exercise to identify
potential failure modes that result in an uncontrolled release of contents or breach of containment under

static loading as well as other loading conditions of the containment dikes and to assess those potential
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failure modes of enough significance to warrant continued awareness and attention to visual observation,

monitoring, and remediation as appropriate.

The FERC guidelines also include an evaluation of the hazard potential for classification of traditional
dam projects. The hazard potential classifications are designated as Low, Significant, or High. The
differences between classifications depend upon the potential for loss of human life and impacts to
economic, environmental, and lifeline facilities, should an uncontrolled failure occur. The following

descriptions summarize each classification (FERC, 2004):

e Low Hazard Potential — No probable loss of human life and low economic and/or environmental
losses which are generally limited to the owner’s property.

e Significant Hazard Potential — No probable loss of human life but can cause economic loss,
environmental damage, disruption of lifeline facilities, or can impact other concerns.

e High Hazard Potential — Will probably cause loss of human life. Economic, environmental and

lifeline losses are also possible but not required for this classification.

As a result of the December 2008 TVA failure, the U.S. Environmental Protection Agency (USEPA)
initiated an investigation program in March 2009 of impoundments that contain coal combustion residuals
at select facilities in the United States. This program used similar classifications to the FERC to evaluate
the hazard potential of coal ash impoundments. The results of the USEPA'’s investigation programs were
published on the USEPA’s website on September 16, 2009 (USEPA Website, 2009).

1.2 Description of PFMA Session
The PFMA session for the J.C. Weadock Ash Disposal Facility was conducted on August 13 and 14 of
2009, at the D.E. Karn and J.C. Weadock Generating Facilities in Essexville, Michigan. The Core Team

attending the PFMA session included the following people:

Bill Walton - AECOM

Rick Anderson — AECOM
Jamie Matus — AECOM
Mike Carpenter — AECOM
Carlin Fitzgerald — AECOM
Marianne Walter — CEC
JR Register — CEC

Rick Hall - CEC

Jon Carpenter — CEC
Roberto Falco — CEC
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The agenda of the PFMA session included the following:

August 13, 2009:

e Asite visit was completed to acquaint Core Team members with the facility layout and condition.

e A document reading session was conducted to become familiar with facility history. This involved
review of documents available from CEC'’s records.

e A Site Hazard Classification session took place to determine the appropriate classification for the
facility.

e The Potential Failure Modes (PFMs) were identified.

o The PFMs identified were developed by listing any likely or unlikely reasons each particular PFM

would be possible.

August 14, 2009:

e The PFMs identified were classified into Category I, IlI, Ill, IV, IV-ND, or a combination of
categories based on reasons listed during the development process.

e Any Risk Reduction Measures (RRMs) were identified and listed with each applicable PFM.

e Major Findings and Understandings of the Core Team were identified. These items included
issues that team members had not considered or were not aware of in relation to the safety of the

facility.
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2.0 Project Background

2.1 Project Description

The D.E. Karn and J.C. Weadock Generating Facilities consist of two separate power generating plants
located in Essexville, Michigan on a peninsula bounded by the mouth of the Saginaw River to the west
and Saginaw Bay to the north and is located on the western shore of Lake Huron. The long term mean
level of Lake Huron is reported graphically as elevation 176.65 meters (579.56 feet), IGLD85" (NOAA
Website, 2009). The J.C. Weadock plant was the first to generate power in 1940 and eventually
consisted of six coal burning units, Units 1 to 6, which were retired in 1980. Two additional units, Units 7
and 8 were added in 1955 and 1958 and continue to operate. The D.E. Karn Plant consists of two coal
burning units, Units 1 and 2, and two oil and gas co-fired units, Units 3 and 4. Units 1 and 2 were
constructed in the late 1950’s and put into service in 1959 and 1961, respectively. Units 3 and 4 were
added in 1975 and 1977, respectively. Together, Karn and Weadock burn approximately 3 million tons of
coal, 1.3 billion cubic feet of natural gas, and 23 million gallons of fuel oil per year to produce
approximately 2,100 megawatts (CEC Website, 2009). Figure 1 is a site location map showing the
facilities’ location and the surrounding area. Aerial views showing the site layout and location of the

facilities can be seen on Figures 2 and 3.

The J.C. Weadock Solid Waste Disposal Area is located east of the Weadock plant. According to the
1992 permit application, the landfill covers an area of approximately 292 acres and has a perimeter of
approximately 4.85 miles. The majority of the perimeter consists of ash containment dikes separating the
landfill from the Saginaw Bay, the discharge channel, and Tacey and Underwood Drains (CPC, 1992a),
which make up the bordering “Waters of the State”. The remainder of the perimeter consists of dikes or
upland areas with an unknown construction history. The dikes have generally a 20-foot wide crest and a
typical crest elevation of 590 feet IGLD85. The containment dike is used as a perimeter access road
upon which light utility trucks, large snowplows, and 80-ton haul trucks can be driven. However, heavy
traffic is limited on portions of the perimeter access roads due to the presence of the slurry wall. The
facility has been expanded and modified from its original layout in the 1940’s to the current layout.

Detalils related to the history of dike construction are discussed in Section 2.1.1.

The governing regulation for industrial waste disposal in the State of Michigan is Michigan’s Natural
Resources and Environmental Protection Act (NREPA), Part 115, Solid Waste Management. Part 115

provides rules for the operation of solid waste surface impoundments with industrial wastes and free

! Unless otherwise stated, elevations in this report are in the historical datum, United States Lake Survey
(USLS). To convert to International Great Lakes Datum 1985 (IGLD85) from USLS, subtract 1.05 feet.
To convert to NAVD88 from USLS, subtract 0.935 feet.
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liquids, with liquids discharged from the facility subject to a National Pollutant Discharge Elimination
System (NPDES) permit which is issued under NREPA Part 31. Until 1992, the JC Weadock landfill was
operated as a surface impoundment. On April 21, 1992, Construction Permit No. 0260 was issued by the
Michigan Department of Natural Resources and provided for Phase Il consolidation and the vertical

expansion of an engineered structural fill in portions of the landfill (CPC, 2009).

The site is designed to store approximately 11,200,000 cubic yards of fly ash, which is sufficient storage
for the life of the Weadock generation plant, assuming approximately 80,000 cubic yards of ash
production annually. However, ash from the Karn facility should now be included in the annual disposal
guantity beginning circa December 2008, when the Karn and Weadock facilities converted to dry ash
disposal at the Weadock disposal area. The total ash disposed annually, including ash produced at Karn
is approximately 228,000 cubic yards (CPC, 1992a).

Prior to February 2009, fly ash was hydraulically discharged from a trestle near the west end of the
disposal area. Fly ash was most recently sluiced eastwardly into a series of parallel channels, C1, C2
and C3 (see Figure 3), where the majority of ash settled out. During operations, only one of the three
parallel channels would be in operation. The channels met back up at a ditch that supplied channels C5
C6 and C4 (C5 was retired early in the operation). The flow splits into channels C4 to the north and C6 to
the south. During the summer operations, the ash was routed to C6 then to C8 to Pond P3 or F. Pond F
was excavated and reclaimed circa 1991 at the time dredge and stack methods were put into effect,
allowing for a decanting pond. During the winter operations, the ash traveled from channel C5 to C4,
then to Pond F. Sluice water leaves Pond F through a drop structure at its northwest corner and traveled
south west along the perimeter dike through a reinforced concrete pipe to a ditch before arriving at the
NPDES discharge point where it was discharged to the plants’ non-contact cooling water discharge
channel (see Figure 3). According to operations staff, these channels and ponds were dredged
periodically. The frequency of dredging was every spring to increase the capacity of the channels and
ponds. The sluiced fly ash was dredged using a drag line along the “C” channels running generally east-
west through Pond A to the south section of “F” pond (C7, C8 & C9). Dredged ash was stockpiled and
allowed to dewater before being placed and compacted within the disposal area limits in accordance with

the final closure geometry.

Bottom ash was discharged from the discharge trestle into the bottom ash pond where it is allowed to
settle out (see Figure 3). The bottom ash sluice water was conveyed through a ditch and was discharged
into the “C” channels where it joined the fly ash sluice water and eventually was discharged via the
NPDES discharge point. It now travels through the C1 channel, across the P1 pond (ditch) to the small

triangle pond to the cement pipe.
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2.1.1 Project History — Timeline and Construction Chronology

Sometime during construction of the Weadock plant, the original dike structures making up the Weadock
Ash Disposal Facility were constructed. Figure 9 shows the Weadock Facility in 1950. The Weadock Ash
Disposal Facility was developed by reclaiming low-lands through the construction of perimeter dikes and
subsequent fly ash filling. No documentation was found regarding the original dike construction; however
the current elevation of the perimeter access roads along the west side and portions of the south side
suggest a dike was placed to provide ash containment. The geometry of the original ash containment
facility can be seen on Figures 10 and 11. Figure 11 shows that ash was deposited primarily along the
south side of the containment area through 1963. Soil borings SBW-4, SBW-5, and SBW-6 indicate that
clay and/or sand was used to raise the elevation of the south dike. These borings also indicate that

bottom ash was used to maintain the surface of the perimeter dike roads.

The east portion of the containment area was expanded in 1971 and the perimeter dikes were raised to
elevation 590 feet IGLD85. Details of that construction event can be seen on Figures 4 and 5. The
purpose of raising the perimeter dike was to construct a clay perimeter dike that keyed into the hydraulic
confining glacial clay till layer located approximately 20 to 25 feet below the current ground surface. This
clay dike was designed to prevent any potentially contaminated groundwater from seeping through the
dike into Saginaw Bay from the disposal facility. However, later studies conducted revealed that this clay

dike was not effectively keyed into a confining layer (CPC, 1992a).

In 2008, a soil-bentonite slurry wall was constructed along the perimeter dike beginning near the electric
fish barrier in the discharge channel clockwise to a location south of the chemical treatment ponds, then
north cutting across the site through disposed fly ash until it terminated in the perimeter dike running
parallel with the discharge channel (see Figure 6). This slurry wall was installed within the clay dike and
keyed into the hydraulically confining glacial clay till layer to cut off groundwater flow through the

perimeter dike.

In February 2009, sluicing of fly ash ceased at the Weadock facility. Bottom ash from the Weadock plant
continues to be sluiced and disposed of within the Weadock disposal area. Some of the fly ash sluicing
channels have been converted to bottom ash sluicing channels. However, bottom ash settles out much
quicker than fly ash so the new system functions more as a conveyance system then a settling system.
Fly ash is now disposed of by dry placement methods where ash is blown to a silo located at the
Weadock Disposal Facility from the Karn and Weadock plants and then trucked to an active fill area and

compacted to specifications within the Weadock Disposal Facility.
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2.1.2 Future Construction
The currently permitted vertical expansion of the Weadock landfill will raise the final elevation of the ash disposal
area by up to approximately 60 feet to a final design elevation of 650 feet (CPC, 1992a). Figure 7 shows the

current proposed closure topography for the Weadock facility.

2.2 Hydraulics and Hydrology

2.2.1 Outfall

Sluice water flows through Pond P1 through the permitted NPDES discharge point as discussed in
Section 2.1. This water is discharged through the NPDES permitted point controlled by a weir at
elevation 581.45 feet (NAVD88) located upstream from the electric fish barrier in the discharge channel.
Historically there have been two different locations of this discharge point for the Weadock disposal area.
Originally, the discharge point was located at the northeast corner of Pond F and was released to
Saginaw Bay through a weir and series of manholes. This discharge was retired circa 1978 and pipes
have been abandoned.

Around that same time, the discharge point was moved to its current location where water is released to
the discharge channel upstream of the existing fish barrier (see Figure 3). Discharge is controlled by a
vertical reinforced concrete pipe (RCP) drop structure connected to a buried horizontal RCP discharge
pipe. This vertical riser consists of a 4.5-foot diameter vertical concrete pipe with a larger diameter
(approximately 8-foot) metal skimmer ring mounted to the top. Water is forced to flow under the metal
ring and over the top of the concrete pipe to skim any floating material and prevent clogging. The water
level adjacent to the edge of the riser is monitored to measure discharge flow. Water flowing through the
NPDES outfall structure is also monitored for environmental compliance with NPDES permit
requirements. A horizontal 3-foot-diameter RCP discharges to the channel below the water surface and

is not visible.

Based on calculations submitted to the State by CEC, the outfall has sufficient capacity to accommodate
fly ash and bottom ash sluice water and a 25-year rain event (CPC, 1992b). Now that the facility has
converted to dry disposal methods and fly ash sluice water no longer enters the system, it can be
concluded that the facility has sufficient discharge and storage capacity while maintaining minimum
freeboard.

2.2.2 Normal and Flood Minimum and Operating Freeboard
The NPDES discharge outfall controls the elevation of water in the channel at elevation prior to discharge.
A 40-foot long 36-inch-diameter corrugated metal pipe (CMP) interior decant structure between Ponds F

and P1 control the water level in Pond F. An 80-foot-long 36-inch-diamter CMP conveys water from P1 to
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the channel leading to the NPDES outfall. There are also several interior decant structures that control
the water level in the sluice channels and interior ponds. The water contained by the disposal facility
includes storm water runoff and bottom ash sluice water. Under current operating conditions, top of dike
freeboard is approximately 6 feet at Pond F and 8 feet at the NPDES discharge point.

The potential for surface water to rise above the available freeboard in the event of a large storm is
minimal. According to plant personnel, a large rain event occurred in the summer of 1994, prior to
abandoning the sluiced ash operation, without any overtopping occurring. Sluice water introduced to the
disposal area has been reduced by more than half. Therefore, it is very unlikely that a large rain event
could cause a significant loss in freeboard.

In early 2009, the fire pond located south of the Weadock ash disposal area was full and needed to be
pumped down. CEC's procedure for removing water from the fire ponds includes pumping the water to
the inner ditches of the ash disposal area inboard of the slurry wall. On this particular occasion, the
interior ditch happened to be blocked causing a backup of water unable to drain. This caused the water
to flow over the top of the dike and erode the gravel cap; however, the slurry wall was not exposed as a
result of this erosion. . A procedure has been developed to repair damage but was not available for
review at the time of the PFMA session.

2.2.3 Lake Huron Considerations

Water surface elevations can vary in Saginaw Bay due to wind setup and storms. A fluctuation of several
feet has been observed by plant staff in the event of a strong northerly or easterly wind. The wind blows
lake water into the Saginaw Bay causing the water surface elevation to rise. Waves created by the wind
can also reach the perimeter dikes. It is possible to experience large waves since the fetch to the
perimeter dike facing the bay is over 100 miles on the north side of the facility along Pond F. To reduce
the impact of rising water surface elevations and large waves on the perimeter dike, shoreline protection
was installed in 1973 along the Saginaw Bay portions of the perimeter dike. Details of this protection can

be seen on Figure 8.

2.3 Standard Operating Procedures

The NPDES outlet structures are monitored regularly for environmental purposes and daily by site
security personnel. Security personnel do not specifically monitor the outlet but make visual observations
to ensure no vandalism or trespassing is taking place. Security personnel make a round once per shift

during the day and continuously patrol the perimeter roads during the evening.

Currently fly ash from both the Karn and Weadock plants is disposed of at the Weadock facility. Fly ash

is blown to a silo where it is moisture conditioned and trucked to an active fill area where it is placed and

8
CEC_Weadock_PFMA_Report_FINAL_11062009.doc



compacted. Specifications for placing and compacting fly ash are included in the facility operating permit
(CPC, 1992a). Bottom ash continues to be discharged and used as final cover for areas of the Weadock

facility that are scheduled for final cover and subsequent closure.

2.4 Current Surveillance and Monitoring Plan
Currently the facility does not have a formal written surveillance and monitoring plan related to project
safety of the dikes and outfall structure. However, a number of instrumentation is available to monitor the

performance of the facility. These include perimeter monitoring wells and outfall water level monitoring.

Monitoring wells were installed both upstream and downstream of the perimeter dikes in 1982. Only two
of the available wells installed are monitored for water levels and environmental compliance to satisfy
landfill operating permit requirements. The other wells are not currently monitored on any schedule.
Monitor well MW-19 is located near the bottom ash pond and MW-20 is located near the chemical
treatment ponds. A summary of the historic average, high, and low water levels and most recent
recorded water levels for these wells is included in the following table.

Table 2-1 - Water Level Elevation in Monitoring Wells (feet, IGLD 85)

oo . Most Recent
Monitoring Average High Low Readin
Well (2/1/83 - 2/10/09) (02/01/83 - 2/10/09) (02/01/83* - 2/10/09) (7/29 /09%
MW-19 586.52 589.14 (02/05/08) 582.53 (08/01/88) 585.86
MW-20 587.40 589.33 (11/01/92) 584.76 (08/07/07) 587.35

*Readings for MW-20 began 11/01/91.

2.5 Geology and Seismicity

2.5.1 Regional Geology

The Karn and Weadock plants are located approximately 30 miles east of the center of the Michigan
Basin, a broad structural and depositional basin formed during the Paleozoic time. The site is underlain
by about 14,000 feet of Paleozoic sediments deposited on Precambrian basement rock. The formations
generally dip toward the northwest into the center of the basin. The bedrock at the site lies approximately
90 feet beneath the surface and is part of the Saginaw formation. This formation, which consists of early
Pennsylvanian deposits laid down approximately 300 million years ago, is comprised of gray and black
shales, interbedded with sandstones, calcareous sandstones, siltstones and occasional limestone lenses
(CPC, 1992a).

Surficial soil deposits near the project site range in thickness from 65 to 90 feet. These deposits consist

of unconsolidated glacial, lacustrine (lake) and alluvial (stream) deposits. The glacial deposits are of two
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types: outwash which is sorted and stratified sand deposited from glacial melt waters and till which is an
unsorted, unstratified mixture of clay interspersed with varying amounts of silt, sand and gravel deposited
directly from glacial ice. The lacustrine deposits are organic clays, silts and sands that were deposited in
or on the shores of glacial lakes formed during interglacial and postglacial times. The alluvial deposits
consist of sands that were deposited by the adjacent Saginaw River (CPC, 1992a). Figure 12 shows the

regional Quaternary geology.

2.5.2 Site Geology and Local Soil Conditions

The site is mostly altered from the native conditions by filling and diking with miscellaneous earth fills to
generally raise site grades. Below the surficial fills, native alluvium and lacustrine soils are present at
varying depths. Generally, the alluvium soils are deeper along the Saginaw River and the lacustrine
deposits are shallower at other locations of the site. The alluvial and lacustrine deposits sit above the
glacial till layer which is encountered anywhere from 25 feet to 75 feet below the ground surface.

Bedrock generally exists at 90 feet below the ground surface (CPC, 1992a).

Many soil borings have been drilled at the project site. Figure 13 shows the known locations of the
boreholes and Figures 14, 15, 16, 17, 18, 19, 20, and 21 shows a generalized profile of the subsurface
conditions along the perimeter dike where the slurry wall was installed. Soil boring information generally
supports the local geologic conditions and dike construction described in the paragraphs above. Copies

of soil boring logs and laboratory test results are included on the attached CD.

2.5.3 Seismicity

The closest seismic zones to the facility are the Wabash Valley Fault Zone in southern Indiana and the
Eastern Tennessee Fault Zone covering parts of eastern Tennessee and northern Georgia and Alabama.
These seismic zones are located over 500 miles away from the project site. The next closest and of
largest significance of the three is the New Madrid Fault Zone (USGS, 2008). According to the USGS,
the Weadock site is in a seismic Zone 0. The largest earthquake ever recorded in Michigan was a
Magnitude 4.60, with a Modified Mercalli Intensity of VI, and was originated south of Kalamazoo,
Michigan in 1947 (USGS, 2009).

The published ground acceleration values for the Weadock site as reported by the USGS Earthquake
Hazards Program, available on the USGS Website in September 2009, are summarized in the following
table. For example the 1% probability of exceedence for earthquakes in 100 years is commonly used for
high hazard dams and 2% in 50 years is typical for many building codes. However, for %g values less
than 5, seismic stability is typically not considered a credible loading condition. No pseudostatic seismic
stability analyses have been completed previously. However, a geotechnical report by PSI for the

“Proposed Gas Bridge Foundations” in 2005 designates the Weadock facility as a Site Class D, per the
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Michigan Building Code. This classification is designated for sites exhibiting an average soil shear wave

velocity, vs, in the top 100 feet ranging from 600 to 1,200 feet per second.

Table 2-2 - Probabilistic Ground Motion Values, in %g
2% PE in 50 yr 10% PE in 50 yr
PGA 2.9% 1.2%

2.6 Stability Analyses

2.6.1 Summary of Industry-Accepted Factors of Safety

The ash containment areas are currently classified as Solid Waste Disposal areas, and are regulated by
the Michigan Department of Environmental Quality (MDEQ) through Part 115 of the National Resources
and Environmental Protection Act, as discussed at the beginning of this report. Although the MDEQ
requires that the structural integrity of the containment dikes be evaluated by a registered engineer, the
MDEQ does not currently define specific minimum required factors of safety (FS). To establish minimum
project FS, AECOM has referenced three documents which can be considered the standard of practice

for slope stability analysis, with regards to dams or retention structures. The documents are as follows:

e U.S. Army Corps of Engineers (USACE), “Slope Stability,” EM 1110-2-1902, October 2003;

e Federal Energy Regulatory Commission (FERC). “Chapter 4 (Draft Version) — Embankment
Dams”, September 2006; and,

e Unified Facilities Criteria (UFC), “Soil Mechanics,” UFC 3-220-10N, June 2005 (Document is
formerly known as U.S. Naval Facilities, “Soil Mechanics — Design Manual 7.01,” NAVFAC DM
7.01, September 1986)

Table 2-3 summarizes minimum recommended FS for each reference for various loading conditions.

Table 2-3 — Minimum Industry Factors of Safety

Permanent Temporary Earthquake
Reference Sustained Loading Loading (i.e., L arthg . .
X oading (Transient | Rapid Drawdown
Document (Steady State During or End of .
. Loading)
Seepage) Construction)
U.S.AC.E.EM 1.5 1.3 Not Provided 1.1to 1.3"¢!
1110-2-1902
FERC Chapter 4 15 1.3 1.0 1.1to 1.27°¢2
UFC 3-220-10N 1.5 1.25 to 1.3V°3 1.15t0 1.2 N/A

1. FS=1.1 applies to drawdown from maximum surcharge pool; FS=1.3 applies to drawdown from maximum storage pool.
2. FS=1.1 applies to drawdown from maximum pool; FS=1.2 applies to drawdown from spillway crest or top of gates.

3. A FS=1.25 applies only if controls are maintained on the load application.
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Based on a review of the industry standard minimum factors of safety, the following factors of safety are

recommended for this project:

e Permanent Loading Conditions, Minimum FS of 1.5.

e Temporary Loading Conditions (i.e., post soil-bentonite wall installation, fill placement to final
permitted elevation), Minimum FS of 1.3.

e Earthquake Loading, Minimum FS of 1.0. The lower bound minimum factor of safety is
recommended since seismic loading is not a credible condition given the proximity to the nearest
active seismic zone. Refer to section 2.5.3 of this report for further discussion on Earthquake

loading.

The FS provided above are the recommended values for this project; however, in some instances,
AECOM has recommended allowing FS as low as 1.3 provided the slopes are instrumented and

monitored and if no raise in fills or new loads are added.

2.6.2 Summary of Previous Stability Analyses

The stability of the ash dike structures has been previously evaluated by Materials Testing Consultants
(MTC), titled “Report of Slope Stability Evaluation J.C. Weadock Ashpond Vertical Expansion Project”
(MTC, 1991b). The stability of the dike structures was analyzed for stability with a slurry wall by AECOM
in a report titled “Weadock Coal Ash Berm Stability Analysis” (AECOM, 2009a). The MTC report is
included in Appendix A of the solid waste permit application (CPC, 1992a). Material properties used in
the MTC report were determined in a separate report by MTC titled “Report of Geotechnical Field
Investigation and Laboratory Testing for Slope Stability Study, Vertical Expansion of Ashponds Project,
J.C. Weadock Generating Complex”, (MTC, 1991a). The AECOM report, MTC report and CPC permit

application are included on the CD attached to this report.

The following assumptions were made in the MTC analysis:

1. Cohesion and internal friction angle were factored into the analysis (total stress analysis).

2. The beneficial effect of armor stone or slope protection on the downstream side of the dikes was

not considered.

3. The beneficial effect of vegetated soil or cement stabilized fly ash on the final slopes of the ash

storage pile was not considered.
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4. Groundwater was assumed to be at elevation 581 feet on the downstream face and at elevation

591.5 feet at the upstream face (equal to the dike crest) and was assumed to be mounded within

the fly ash embankment to 20 feet below the final fill height of elevation 650 feet at elevation 630

feet (IGLD 85).

The stability analysis by AECOM focused on a section of the perimeter dike separating the north side of

Pond F from Saginaw Bay with the slurry wall installed and ash fill completed to elevation 650 feet at a

4H:1V slope. The following assumptions were made in the AECOM analysis:

1. Dry moisture conditioned fly ash will be placed and then compacted to 90% of its maximum dry

density from the foundation to finished grade. (i.e. Pond F will be dredged of all sluiced fly ash

prior to filling.)

2. Groundwater was assumed to be at elevation 576.44 (Lake Huron All-Time Low Water level) on

the outboard face of the slope and elevation 583 and 588 on the inboard side.

3. It was assumed that no beneficial vegetative cover or armor stone was in place.

4. Material properties were developed using borings and laboratory tests performed for the design of

the slurry wall.

5. Pond F will be dredged of all sluiced fly ash prior to filling.

The following tables list the structures and loading conditions evaluated along with the results of the MTC

and AECOM stability analyses.

The dike structure sections were chosen based on portions of the

perimeter dike that have similar subsurface conditions and dike geometry. Figure 6 shows the separate

sections considered.

Table 2-4 — MTC Stability Analysis Results (MTC, 1991)

Failure
Developed Results in a
Structure Loading Conditions Failure Surface Factor of
Safet Release of

y Ash
Dike Separating Pond
B1 and the Discharge - Existing geometry without slurry
Channel (Section A) wall Deep Seated Failure of Dike 2.0 No
Dike Separating Pond
B1 and the Discharge - Completed fly ash fill to el. 650 Deep Seated Failure of Dike
Channel (Section A) without slurry wall and Ash Fill 1.85 Yes
Dike Separating Pond
B1 and the Discharge - Completed fly ash fill to el. 650 Deep Seated Failure of Ash
Channel (Section A) without slurry wall Fill 1.42 Possible
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Failure

Developed )
. - . Results in a
Structure Loading Conditions Failure Surface Factor of
Safety Release of
Ash
East Perimeter Dike
Bordering Underwood - Existing geometry without slurry
Drain (Section D) wall Deep Seated Failure of Dike 3.91 No
East Perimeter Dike
Bordering Underwood - Completed fly ash fill to el. 650 Deep Seated Failure of Dike
Drain (Section D) without slurry wall and Ash Fill 1.98 Yes
East Perimeter Dike
Bordering Underwood - Completed fly ash fill to el. 650 Deep Seated Failure of Ash
Drain (Section D) without slurry wall Fill 1.35 Possible
South Perimeter Dike
Bordering Tayce Drain | - Existing geometry without slurry
(Section D) wall Deep Seated Failure of Dike 1.97 No
South Perimeter Dike
Bordering Tayce Drain | - Completed fly ash fill to el. 650 Deep Seated Failure of Dike
(Section D) without slurry wall and Ash Fill 1.78 Yes
South Perimeter Dike
Bordering Tayce Drain | - Completed fly ash fill to el. 650 Deep Seated Failure of Ash
(Section D) without slurry wall Fill 1.42 Possible
1. Structures defined in this table correspond with sections used to develop PFMs in Section 4.0.
2. MTC used the computer program STABL3 to compute factors of safety.
Table 2-5 — AECOM Stability Analysis Results (AECOM, 2009a)
Failure
Developed Results in a
Structure Loading Conditions Failure Surface Factor of
Safety Release of
Ash
Pond F North Dike
(Section C) - - Inboard water elevation equal to
Undrained Conditions | top of slurry wall (el. 588 feet) Shallow Failure of Ash Fill 2.3 Possible
Pond F North Dike - Inboard water elevation equal to
(Section C) - static water level in Pond F (el. 583
Undrained Conditions | feet) Shallow Failure of Ash Fill 2.1 Possible
Pond F North Dike
(Section C) - Drained - Inboard water elevation equal to Deep Seated Failure of Dike
Conditions top of slurry wall (el. 588 feet) and Ash Fill 2.3 Yes
Pond F North Dike - Inboard water elevation equal to
(Section C) - Drained static water level in Pond F (el. 583
Conditions feet) Shallow Failure of Ash Fill 2.3 Possible
Pond F North Dike
(Section C) - - Inboard water elevation equal to
Undrained Conditions | top of slurry wall (el. 588 feet) Shallow Failure of Ash Fill 2.2 Possible
Pond F North Dike - Inboard water elevation equal to
(Section C) - static water level in Pond F (el. 583
Undrained Conditions | feet) Shallow Failure of Ash Fill 2.2 Possible
Pond F North Dike
(Section C) - Drained - Inboard water elevation equal to
Conditions top of slurry wall (el. 588 feet) Shallow Failure of Ash Fill 2.4 Possible
Pond F North Dike - Inboard water elevation equal to
(Section C) - Drained static water level in Pond F (el. 583
Conditions feet) Shallow Failure of Ash Fill 24 Possible
Pond F North Dike - Inboard water elevation equal to
(Section C) - top of slurry wall (el. 588 feet) Shallow Failure of Dike 4.2 No
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Failure
Developed Results in a
Structure Loading Conditions Failure Surface Factor of
Safety Release of
Ash
Undrained Conditions
Pond F North Dike - Inboard water elevation equal to
(Section C) - static water level in Pond F (el. 583
Undrained Conditions | feet) Shallow Failure of Dike 4.2 No
Pond F North Dike
(Section C) - Drained - Inboard water elevation equal to
Conditions top of slurry wall (el. 588 feet) Shallow Failure of Dike 2.0 No
Pond F North Dike - Inboard water elevation equal to
(Section C) - Drained static water level in Pond F (el. 583
Conditions feet) Shallow Failure of Dike 2.1 No

1. Structures defined in this table correspond with structures used to develop PFMs in Section 4.0.

2. AECOM used the computer program Slope/W to compute factors of safety.

The stability analyses results for each section considered are summarized as follows:

Section A — Factors of safety ranged from 1.42 to 2.0. The minimum FS that could result in a loss
of ash containment was reported to be 1.42. This FS is slightly less than the typically accepted
value of 1.5 as discussed in Section 2.6.1. The analysis did not consider fully drained conditions

or undrained conditions specifically within the wet ash.

Section B — This section has not been specifically considered in previous stability analyses.
Since it is similar to Section A in geometry and ash is not proposed to be stacked in the adjacent

Pond P1, this dike is considered stable, provided adequate freeboard is maintained.

Section C — Factors of safety ranged from 2.1 to 4.2. The minimum FS that could result in a loss
of ash containment was reported to be 2.1. This FS is greater than the typically accepted value
of 1.5 as discussed in Section 2.6.1. These analyses considered the effect of interior ground
water levels on FS. It was concluded that higher interior water levels did not greatly affect the
overall stability of the structure. The analyses assumed that the wet loose ash in Pond F would

be replaced with compacted ash.

Section D — Factors of safety ranged from 1.35 to 3.91. The minimum FS that would potentially
result in a loss of ash containment was reported to be 1.35. This FS is lower than the typically
accepted value of 1.5 as discussed in Section 2.6.1. The analysis did not consider fully drained

conditions or undrained conditions specifically within the wet ash.
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e Section E — No stability analyses have been conducted on this section. Section E has remained
stable and will not have any additional ash placed adjacent to it, according to the proposed
closure plan. Therefore, Section E is considered stable based on its performance history.

e Section F — No stability analyses have been conducted on this section. Ash filling activities are

planned adjacent to this section and known wet loose ash is present at this location.

16
CEC_Weadock_PFMA_Report_FINAL_11062009.doc



3.0 Hazard Classification

During the Potential Failure Mode Analysis (PFMA) session for the J.C. Weadock Ash Disposal Facility,
the Core Team discussed and assigned a hazard classification to the facility. It was determined that the
Weadock facility was classified as having a low hazard potential. This classification is based on the
potential for loss of human life and impacts to economic, environmental, and lifeline facilities, should an
uncontrolled failure occur. At the project site there is no probable risk of loss of human life and a low
economic and environmental loss potential. There are no nearby public facilities other than a boat launch
site located near the southeast corner of the facility. Also, should a failure occur, environmental or
economic losses would be generally limited to the Owner.
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4.0 Potential Failure Modes ldentified

The Core Team identified 32 Potential Failure Modes (PFMs) during the PFMA session. When
developing the PFMs, the Core Team identified likely and unlikely conditions that affect the potential that
a particular failure mode would occur. These conditions are summarized in the PFMs identified below. In
addition, each PFM was classified into one of four risk categories. A description of the categories, as
defined in by the FERC Engineering Guidelines, is included in Table 4-1. The subsequent sections
describe the failure modes for each category. A list of the PFMs and their loading condition, structure
affected, and category is included as Table 4-2. The PFMs were assigned sequential numbers as they

were developed during the PFMA session.

Table 4-1 - Potential Failure Mode Categories

Category Description

Highlighted Potential Failure Modes — Those potential failure modes of
greatest significance considering need for awareness, potential for

I occurrence, magnitude of consequence and likelihood of adverse response
(physical possibility is evident, fundamental flaw or weakness is identified and
conditions and events leading to failure seemed reasonable and credible) are
highlighted.

Potential Failure Modes Considered but not Highlighted — These are judged
to be of lesser significance and likelihood. Note that even though these

I potential failure modes are considered less significant than Category | they
are all also described and included with reasons for and against the
occurrence of the potential failure mode. The reason for the lesser
significance is noted and summarized in the documentation report or notes.
More Information or Analyses are Needed in order to Classify — These
potential failure modes to some degree lacked information to allow a

il confident judgment of significance and thus a dam safety investigative action
or analyses can be recommended. Because action is required before
resolution the need for this action may also be highlighted.

Potential Failure Mode Ruled Out — Potential failure modes may be ruled out
because the physical possibility does not exist, information came to light
which eliminated the concern that had generated the development of the
potential failure mode, or the potential failure mode is clearly so remote as to
v be non-credible or not reasonable to postulate.

Potential failure modes discussed which were not developed in detail were

classified as Category IV-ND (not developed) generally because the PFMA
team judged them to be too improbable to warrant an in-depth evaluation of
adverse versus positive factors.

For purposes of the PFMA, the disposal area was separated into sections representative of the various
site conditions and dike geometry. The location of these sections is shown on Figure 6. The PFMs were
considered for the perimeter dikes, interior dikes, and outfall structures identified during the PFMA

session.
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Table 4-2 - Summary of Potential Failure Modes and Their Category

S Loading
PFM Number and Description Condition Structure Category
1 — Discharge Flume Fails Backing Up Process Water Leading to “gﬁg‘ﬁg;nacne outfall I
Breach in Dike Which Causes Loss of Containment Factors
2 — A Large Rain Event Overwhelms the Outfall Which Leads to
Filling Ponds and Overtopping the Perimeter Dike Causing Flood Outfall 1]
Loss of Containment
3 — Buried Concrete Outfall Pipe Deteriorates, Leads to Ground Loss Maintenance
- and Human Outfall 1]
Then Breach of Surrounding Embankment
Factors
4 — Piping, Seepage, or Collapse of Conveyance Pipe Leads to Maintenance
Ground Loss and Breach of Perimeter Dike Causing Loss of and Human Outfall 1]
Containment Factors
5 — Piping, Seepage, or Collapse of Abandoned Pipe Leads to Maintenance
Ground Loss and Breach of Perimeter Dike Causing Loss of and Human Abandoned Outfall [\
) Structures
Containment Factors
6 — Outfall Pipes and/or Ditch Along the Interior Side of Section E Maintenance Fire Water Pond
Become Blocked, Leads to Overtopping and Ground Loss and and Human Pum Il
Breach of Perimeter Dike Causing Loss of Containment Factors P
7 — Surface Erosion or Internal Seepage Leads to Breach of Normal Dike Section A Y,
Perimeter Dike Causing Loss of Containment Operations
8 — Channel Hydraulics Leads to Erosion of Perimeter Dike Slope Normal Dike Section A v
Toe Causing Slope Failure and Loss of Containment Operations
. . . Maintenance
9 — Dredging the Dlgcharge Channel Leads to Slope Instability and and Human Dike Section A v
Loss of Containment
Factors
10 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section A I}
to Loss of Containment and Earthquake
11 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section B IV-ND
to Loss of Containment and Earthquake
12 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section C ]
to Loss of Containment and Earthquake
13 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section D ]
to Loss of Containment and Earthquake
14 — Static or Seismic Liguefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section E 1]
to Loss of Containment and Earthquake
15 — Static or Seismic Liguefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section F 1]
to Loss of Containment and Earthquake
16 — Global Slope Instability Leads to Loss of Containment Norm_al Dike Section A ]
Operations
17 — Global Slope Instability Leads to Loss of Containment Norm_al Dike Section B \Y
Operations
18 — Global Slope Instability Leads to Loss of Containment ONormaI Dike Section C I}
perations
. . Normal . .
19 — Global Slope Instability Leads to Loss of Containment Operations Dike Section D 1]
20 — Global Slope Instability Leads to Loss of Containment Norm_al Dike Section E ]
Operations
21 — Global Slope Instability Leads to Loss of Containment ONorm_aI Dike Section F 1]
perations
. . . . Maintenance
22 — Con_structlon Equipment Lo.ads Causes Perimeter Dike Slope and Human All Dike Sections v
Failure and Loss of Containment
Factors
23 — Rapidly Raising Ash Causes an Undrained Condition in the - :
Perimeter Dike Foundation Which Leads to Slope Failure and Propose.d.— Dike Sections A, D, 1]
- Staged Filling E, and F
Loss of Containment
24 — Rapidly Raising Ash Causes an Undrained Condition in the Ash Proposed —
Fill Foundation Which Topples the Transmission Towers and Staggd Filling Transmission Tower \%

Leads to Slope Failure and Loss of Containment
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PFM Number and Description Cli_oona(;jilt?(?n Structure Category
25 — Existing Trees Growing on Perimeter Dike Falling or Rottin Normal . )
Leadsgto Slope Instat?ility and Loss of Containn?ent § Operations All Dike Sections v
26 — Existing Conduits Buried in the Perimeter Dike Provide a Path Normal All Dike Sections v
for Ash Piping Which Leads to Loss of Containment Operations
27 — Waves or Ice Attacks Perimeter Dike Toe of Slope Causin . .
Damage Resulting in Slope Failure and Loss ofp Containrr?ent Wave Attack Dike Section C v
28 — Increased Load due to Corner Effects Lead to Slope Failure and Normal Dike Sections C and v
Loss of Containment Operations D
29 — Internal Seepage with a Rise in Phreatic Surface Leads to Slope Flood or Dike Sections B. C
Failure of the Perimeter Dike Through the Slurry Wall, Ground Proposed D EandE T v
Loss and/or Piping Which Leads to Loss of Containment Conditions ’
30 - Internal Seepage with a Rise in Phreatic Surface Leads to Slope Flood or
Failure of the Perimeter Dike Through the Slurry Wall, Ground Proposed Dike Section A v
Loss and/or Piping Which Leads to Loss of Containment Conditions
31 — Failure of Interior Dike Due to Overtopping or Instability Leads to Normal
Loss of Containment Along the South Side of the Containment . Interior Dikes 1]
Dike Operations
32 — Surface Erosion or Internal Seepage Leads to Breach of Normal . .
Perimeter Dike Causing Loss opf gontainment Operations All Dikes Sections v

4.1 Category Il — Potential Failure Modes Considered but Not Highlighted

Those potential failure modes judged to be of lesser significance and likelihood. Note that even though

these potential failure modes are considered less significant than Category 1, they are all also described

and included with reasons for and against the occurrence of the potential failure mode. The reasons for

the lesser significance are highlighted as follows:

Potential Failure Mode 1 — Outfall Structure — Discharge Outfall Gets Blocked Backing Up Process Water

Leading to Breach in Dike Which Causes Loss of Containment

The vertical outfall riser or horizontal discharge pipe becomes clogged with debris causing partial of

complete blockage of the outfall. Since water cannot exit, it builds up within the ponds and eventually

overtops the perimeter dike, eroding it, and causes a breach and loss of containment.

Likely / Adverse

Not Likely / Positive

Non-contact cooling water has
overtopped the dike previously.

The outfall has experienced significantly
higher historic flows than what it currently
passes.

There is vegetation surrounding the
perimeter of the ponds. Dead
vegetation or flotsam is prevalent and
could cause clogging.

Since there is less flow, there would be more
time to identify a clogging problem.

Since water is continuously being
discharged, there is always a
possibility for clogging.

The facility experiences freezing
weather that could affect the ability of
the outfall to pass flows.

CEC_Weadock_PFMA_Report_FINAL_11062009_REV_A.doc

20




Rational for Characterization:

The water from the sluiced fly ash is no longer being discharged to the disposal area which greatly
reduces flow. The reduction in flow creates more time to react if the outfall becomes clogged. However,
since the outfall is inspected daily to prevent this failure mode, the Core Team felt that this failure mode

was credible but not likely and was classified as a Category Il failure mode.

Potential Risk Reduction Measures:

It would be possible to further reduce risk by inspecting the structure daily for any signs of clogging,
freezing, or reduced flow due to some other failure within the structure. The approach channel could be
dredged and shaped to an optimal geometry to increase flow rate which would reduce the risk of
clogging. Some other options requiring permit alterations would be lowering the outlet level to increase
freeboard or add an emergency overflow pipe. Also, instrumentation could be installed such as a high

water level alarm to warn of a problem before overtopping occurred.

Potential Failure Mode 2 — Outfall Structure — A Large Rain Event Overwhelms the Outfall, Which
Leads to Filling Ponds and Overtopping the Perimeter Dike Causing Loss of Containment

A large rain event adds sufficient flow to the sluice water discharge system to overwhelm the hydraulic
capacity of the outfall. This will cause the ponds and sluice channels to fill with water and eventually

overtop the perimeter dike, eroding it, and causing loss of containment.

Likely / Adverse Not Likely / Positive
There is only one outlet from the outfall | The outfall is reportedly designed for a 25-
with no emergency outlet to relieve the | year storm event.
structure.

The outfall has experienced an extreme rain
event while discharging both fly ash and
bottom ash sluice water and did not overtop.

Rational for Characterization:

The total flow has been greatly reduced since February 2009. Historically the outfall and Pond F have
had sufficient freeboard to contain a closed outfall for days at a time without overflowing while
accommodating more than twice the current flow. According to hydraulic capacity calculations included in
the solid waste permit, the ponds and channels can store 5.5 times the runoff plus process water during a
25 year storm event. Therefore, the outfall and Pond F should have sufficient freeboard to contain the
current flow plus a large storm event. However, there is not emergency overflow and the outfall is
monitored daily, so this failure mode is considered credible but not very likely. Because the outfall is
monitored, the Core Team felt that this is a Category Il failure mode but it could also be considered a

Category IV because of the very low possibility that a rain event could lead to a loss of containment.
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Potential Risk Reduction Measures:

Adding additional outlet capacity such as an emergency overflow would reduce the risk to this failure

mode.

Potential Failure Mode 3 — Outfall Structure — Buried Concrete Outfall Pipe Deteriorates, Leads to
Ground Loss Then Breach of Surrounding Embankment

The outfall riser and pipe are made from jointed reinforced concrete pipe sections and deteriorate over
time. Once the pipes deteriorate to the point of collapse or allow soil to infiltrate from the dike, ground

loss occurs which leads to a breach of the surrounding embankment and loss of containment.

Likely / Adverse Not Likely / Positive

The pipe was approximately 15 years Damage to the pipe due to frost or traffic

old when it was installed and has a loading is unlikely because it is buried at least

limited design life. 2 pipe diameters below the ground surface.

The pipes are not currently inspected Traffic loading is very infrequent because the

for wear or signs of deterioration. dike is not commonly driven on.

Joints in the concrete pipe can be The pipe itself is not inspected but surface

weaker than the pipe itself. features of water levels are inspected dalily.
Any noticeable ground loss would be
discovered during those inspections.

Rational for Characterization:

The pipe has a limited design life and was installed when it was already approximately 15 years old. Itis
not currently inspected and has a higher potential for damage since it is a jointed concrete pipe.
However, this pipe is currently functioning properly and is buried at a depth where loading and frost
should not affect it. Therefore it is a possible failure mode but is very unlikely and was classified as a

Category Il failure mode.

Potential Risk Reduction Measures:

This pipe should be inspected periodically for damage with a camera or some other robotic means of

visual observation.

Potential Failure Mode 4 — Outfall Structure — Piping, Seepage, or Collapse of Conveyance Pipe
Leads to Ground Loss and Breach of Perimeter Dike Causing Loss of Containment

A pipe connecting the triangle pond at the northwest corner of Pond F to the outfall ditch deteriorates
collapses or separates in the perimeter dike and either causes ground loss and breach of dike or backs

up water causing overtopping and loss of containment.
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Likely / Adverse Not Likely / Positive
The pipe was approximately 15 years Damage to the pipe due to frost or traffic
old when it was installed and has a loading is unlikely because it is buried at least
limited design life. 2 pipe diameters below the ground surface.
The pipes are not currently inspected Traffic loading is very infrequent because the
for wear or signs of deterioration and is | dike is not commonly driven on.
not visible from the surface.
Joints in the concrete pipe can be The pipe itself is not inspected but surface
weaker than the pipe itself. features of water levels are inspected dalily.
Any noticeable ground loss would be
discovered during those inspections.
The pipe conveys flows at a low velocity.

Rational for Characterization:

The pipe has a limited design life and was installed when it was already approximately 15 years old. Itis
not currently inspected and has a higher potential for damage since it is a jointed concrete pipe.
However, this pipe appears to be currently functioning properly and is buried at a depth where loading
and frost should not affect it. Therefore it is a possible failure mode but is very unlikely and was classified

as a Category Il failure mode.

Potential Risk Reduction Measures:

This pipe should be inspected periodically for damage with a camera or some other robotic means of

visual observation. Alternately, the pipe could be removed and process water could be rerouted.

Potential Failure Mode 6 — Fire water pond pump — Outfall Pipes and/or Ditch Along the Interior
Side of Section E Become Blocked, Leads to Overtopping and Ground Loss and Breach of
Perimeter Dike Causing Loss of Containment

Occasionally the fire ponds need to be pumped down. Water is pumped across the containment dike into
an interior ditch which could become clogged and back up fire pond water. This water could overtop the
dike leading to ground loss and breach the perimeter dike causing loss of containment. (see Figure 3 for

pipe location.)
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Likely / Adverse Not Likely / Positive
In 2009, the ditch became clogged The fire ponds are only pumped down when
resulting in an overtopping and surface | needed, infrequently.
erosion of the perimeter dike.
The interior perimeter ditch is shallow The pipe itself is not inspected but surface
and has little freeboard. features of water levels are inspected daily.
Any noticeable ground loss would be
discovered during those inspections.

Surface features interior of the
perimeter ditch are higher than the
perimeter dike.

There are no ditches between the
interior ditch and the perimeter dike.

Rational for Characterization:

Documentation is in place describing the 2009 event. Since the ditch is infrequently maintained or
inspected and since the natural path of water, should its path be blocked, is over the perimeter dike the

Core Team classified this failure mode as a Category II.

Potential Risk Reduction Measures:

A perimeter storm water ditch or environmental ditch could be installed to reduce risk associated with this
failure mode. The existing ditch could be cleaned out and enlarged. Also, an alarm or other warning

instrumentation could be installed to prevent overtopping.

4.2 Category Ill — More Information or Analyses are Needed in Order to Classify
The following potential failure modes, to some degree, lack information to allow a confident judgment of

significance and thus a dam safety investigative action or analyses is needed to categorize.

Potential Failure Mode 10 — Dike Section A — Static or Seismic Liguefaction of the Loose Wet Ash
in the Foundation of the Ash Fill Leads to Slope Failure Which Leads to Loss of Containment.

Loose wet ash in the foundation of the ash fill becomes liquefied as a result of an earthquake or rapid
increase in slope loading due to ash filling. One of these loading conditions leads to a slope failure of the

perimeter dike and loss of containment of ash.
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Likely / Adverse Not Likely / Positive
Loose wet ash exists in a submerged There is a low earthquake potential in this
condition under compacted ash filland | area.

is liquefiable.

Rapid ash filling can cause saturated Rapid ash filling is unlikely because filling is
loose wet ash to become undrained limited to 12 feet max per year in 3 foot lift
and unstable. increments by the solid waste permit.

A ground water gradient exists The toe of the proposed stacked ash slope
because there is no slurry wall in this over deposits of loose and wet ash is located
location for the purpose of venting at least 100 feet away from the perimeter
ground water. dike.

Soft clay and loose sands are present | Drainage layers are present to allow loose wet
in the perimeter dike foundation along ash to drain should an earthquake or

with a sandy peat layer as indicated in | surcharge load be imposed.

Borings SBW-1, SBW-20, SBW-21.

Rational for Characterization:

More information is needed to understand the stability of the ash fill over loose wet sluiced ash. The
conditions of the foundation of the ash fill and placement construction is not well characterized and should
be further explored. A subsurface exploration program in this area should be considered to characterize
the subsurface conditions including any loose ash layers. Those results should be used to evaluate the
stability of this slope and the effects of rapid loading and earthquake effects. Since the results of such an
investigation are needed to categorize this failure mode, the Core Team classified this failure mode as

Category lll.

Potential Risk Reduction Measures:

Adding instrumentation such as piezometers to monitor groundwater levels and pore water pressure and
inclinometers to measure any slope movements could be used to better quantify the risk associated with
this failure mode. Also, evaluating the slope stability assuming earthquake loading and surcharge loading
under undrained conditions (total stress analysis) would be helpful in quantifying the actual risk. Raising
the ash fill area in pre described stages based on stability analyses and an instrumentation plan would
reduce the risk of this failure mode. Also, wet sluiced ash could be excavated prior to ash filling or ground
improvement methods could be employed to strengthen the ash layer, such as soil mixing, wicks, or

stone columns.

Potential Failure Mode 12 — Dike Section C — Static or Seismic Liguefaction of the Loose Wet Ash
in the Foundation of the Ash Fill Leads to Slope Failure Which Leads to Loss of Containment.

Loose wet ash in the foundation of the ash fill becomes liquefied as a result of an earthquake or rapid
increase in slope loading due to ash filling. One of these loading conditions leads to a slope failure of the

perimeter dike and loss of containment of ash.
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Likely / Adverse Not Likely / Positive
Loose wet ash exists in a submerged There is a low earthquake potential in this
condition under compacted ash filland | area.

is liquefiable.

Rapid ash filling can cause saturated Rapid ash filling is unlikely because filling is
loose wet ash to become undrained limited to 12 feet max per year in 3 foot lift
and unstable. increments by the solid waste permit.

May not be possible to prevent the The toe of the proposed stacked ash slope
bottom of the future fill placement to be | over deposits of loose and wet ash is located
placed and compacted in the dry. at least 100 feet away from the perimeter

dike.
Hard clay foundation is present (See SBW-2).

Higher resistances and sleeve friction from
CPT data in CPT 2, 3, and 4.

No pore pressure development evident from
CPT data.

A stability analysis for this structure was
conducted and published showing acceptable
Factors of Safety (AECOM, 2009a)

CEC plans to excavate wet sluiced ash in
Pond F prior to dry ash placement.

Rational for Characterization:
The stability analysis by AECOM (2009, 2009a) makes the assumption that the ash above the foundation

is placed and compacted in a dry state. However, currently wet loose ash deposits are known to exist
within Pond F. Since a plan will need to be developed to ensure complete removal of the wet loose ash,
the Core Team categorized this PFM as needing more information. If a plan is developed to ensure that
new compacted dry ash can be placed on native foundation in the dry, this PFM can be recategorized as

a Category IV failure mode.

Potential Risk Reduction Measures:

Adding instrumentation such as piezometers to monitor groundwater levels and pore water pressure and
inclinometers to measure any slope movements could be used to better quantify the risk associated with
this failure mode. Also, evaluating the slope stability assuming earthquake loading and surcharge loading
under undrained conditions (total stress analysis) would be helpful in quantifying the actual risk. Raising
the ash fill area in pre described stages based on stability analyses and an instrumentation plan would
reduce the risk of this failure mode. Also, wet sluiced ash could be excavated prior to ash filling or ground
improvement methods could be employed to strengthen the ash layer, such as soil mixing, wicks, or

stone columns.
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Potential Failure Mode 13 — Dike Section D — Static or Seismic Liquefaction of the Loose Wet Ash
in the Foundation of the Ash Fill Leads to Slope Failure Which Leads to Loss of Containment.

Loose wet ash in the foundation of the ash fill becomes liquefied as a result of an earthquake or rapid
increase in slope loading due to ash filling. One of these loading conditions leads to a slope failure of the

perimeter dike and loss of containment of ash.

Likely / Adverse Not Likely / Positive
Sluiced wet ash exists in a submerged | There is a low earthquake potential in this
condition under compacted ash filland | area.
is potentially loose.

Rapid ash filling can cause saturated Rapid ash filling is unlikely because filling is

loose wet ash to become undrained limited to 12 feet max per year in 3 foot lift

and unstable. increments by the solid waste permit.

Sluiced ash will not be removed prior to | The toe of the proposed stacked ash slope

dry ash filling. over deposits of loose and wet ash is located
at least 100 feet away from the perimeter
dike.

Borings and CPT probes show dike and
foundation are not liquefiable.

Rational for Characterization:

More information is needed to understand the stability of the ash fill over loose wet sluiced ash. The
conditions of the foundation of the ash fill and placement construction is not well characterized and should
be further explored. A subsurface exploration program in this area should be considered to characterize
the subsurface conditions including any loose ash layers. Those results should be used to evaluate the
stability of this slope and the effects of rapid loading and earthquake effects. Since the results of such an
investigation are needed to categorize this failure mode, the Core Team classified this failure mode as
Category lll.

Potential Risk Reduction Measures:

Adding instrumentation such as piezometers to monitor groundwater levels and pore water pressure and
inclinometers to measure any slope movements could be used to better quantify the risk associated with
this failure mode. Also, evaluating the slope stability assuming earthquake loading and surcharge loading
under undrained conditions (total stress analysis) would be helpful in quantifying the actual risk. Raising
the ash fill area in pre described stages based on stability analyses and an instrumentation plan would
reduce the risk of this failure mode. Also, wet sluiced ash could be excavated prior to ash filling or ground
improvement methods could be employed to strengthen the ash layer, such as soil mixing, wicks, or

stone columns.
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Potential Failure Mode 14 — Dike Section E — Static or Seismic Liquefaction of the Loose Wet Ash
in the Foundation of the Ash Fill Leads to Slope Failure Which Leads to Loss of Containment.

Loose wet ash in the foundation of the ash fill becomes liquefied as a result of an earthquake or rapid
increase in slope loading due to ash filling. One of these loading conditions leads to a slope failure of the

perimeter dike and loss of containment of ash.

Likely / Adverse Not Likely / Positive
Sluiced wet ash exists inboard of Area | There is a low earthquake potential in this
E. area.
No stability analyses conducted for the | Rapid ash filling is unlikely because filling is
section. limited to 12 feet max per year in 3 foot lift

increments by the solid waste permit.

The toe of the proposed stacked ash slope
over deposits of loose and wet ash is located
at least 600 feet away from the perimeter
dike.

Rational for Characterization:

More information is needed to understand the stability of the ash fill over loose wet sluiced ash. The
conditions of the foundation of the ash fill and placement construction is not well characterized and should
be further explored. A subsurface exploration program in this area should be considered to characterize
the subsurface conditions including any loose ash layers. Those results should be used to evaluate the
stability of this slope and the effects of rapid loading and earthquake effects. Since the results of such an
investigation are needed to categorize this failure mode, the Core Team classified this failure mode as

Category Il

Potential Risk Reduction Measures:

Should the ash fill plan change to allow filling next to the perimeter dike then measures should be taken to
ensure risk reduction. Adding instrumentation such as piezometers to monitor groundwater levels and
pore water pressure and inclinometers to measure any slope movements could be used to better quantify
the risk associated with this failure mode. Also, evaluating the slope stability assuming earthquake
loading and surcharge loading under undrained conditions (total stress analysis) would be helpful in
qguantifying the actual risk. Raising the ash fill area in pre described stages based on stability analyses
and an instrumentation plan would reduce the risk of this failure mode. Also, wet sluiced ash could be
excavated prior to ash filling or ground improvement methods could be employed to strengthen the ash

layer, such as soil mixing, wicks, or stone columns.
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Potential Failure Mode 15 — Section F — Static or Seismic Liquefaction of the Loose Wet Ash in the
Foundation of the Ash Fill Leads to Slope Failure Which Leads to Loss of Containment.

Loose wet ash in the foundation of the ash fill and internal dike becomes liquefied as a result of an
earthquake or rapid increase in slope loading due to ash filling. One of these loading conditions leads to
a slope failure of the interior dike. The mobilized ash flows through the bottom ash pond and breaches

the perimeter dike resulting in a loss of containment of ash.

Likely / Adverse Not Likely / Positive
Sluiced wet ash exists in the B Ponds. | There is a low earthquake potential in this
area.

Loose wet ash present below elevation | Rapid ash filling is unlikely because filling is
591 with blow counts of 1 and weight of | limited to 12 feet max per year in 3 foot lift
hammer experienced in Borings SBW- | increments by the solid waste permit.

26 and SBW-27.

The toe of the proposed stacked ash The area west of Section F is currently part of
slope over deposits of loose and wet the Weadock Ash Storage Facility.

ash is located 10 feet away from the

interior dike.

The interior dike was not constructed to
be a structural dike, only an access
road.

No stability analyses conducted for this
section.

Rational for Characterization:

More information is needed to understand the stability of the ash fill over loose wet sluiced ash. The
conditions of the foundation of the ash fill and placement construction is not well characterized and should
be further explored. A subsurface exploration program in this area should be considered to characterize
the subsurface conditions including any loose ash layers. Those results should be used to evaluate the
stability of this slope and the effects of rapid loading and earthquake effects. Since the results of such an
investigation are needed to categorize this failure mode, the Core Team classified this failure mode as

Category lll.

Potential Risk Reduction Measures:

Adding instrumentation such as piezometers to monitor groundwater levels and pore water pressure and
inclinometers to measure any slope movements could be used to better quantify the risk associated with
this failure mode. Also, evaluating the slope stability assuming earthquake loading and surcharge loading
under undrained conditions (total stress analysis) would be helpful in quantifying the actual risk. Raising
the ash fill area in pre described stages based on stability analyses and an instrumentation plan would
reduce the risk of this failure mode. Also, wet sluiced ash could be excavated prior to ash filling or ground

improvement methods could be employed to strengthen the ash layer, such as soil mixing, wicks, or
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stone columns. Consideration should be given to evaluate the stability of this area specifically in

consideration of any future modifications to site grades.

Potential Failure Mode 16 — Dike Section A — Global Slope Instability Leads to Loss of
Containment

Failure of a section through the discharge channel dike and ash fill due to global instability causes a
catastrophic failure of the ash fill slope and discharge channel dike and leads to a loss of containment of

stacked ash into the discharge channel.

Likely / Adverse Not Likely / Positive

Effects of loose sluiced ash in the No surface sloughs or creep on the outer

foundation of the ash fill was not slope of the dike have been noted.

considered in the stability analysis by

MTC.

A layer of peat exists in the perimeter No seepage outbreaks observed on the slope

dike. (See soil boring SBW-1) have been observed.
MTC stability analyses showed Factor of
Safety greater than 1.5, which is typically
considered safe.

Rational for Characterization:

The MTC stability analysis provided sufficient factors of safety but did not consider the affects of loose
wet sluiced fly ash in the foundation of the ash fill. Since the MTC report did not consider wet loose ash
in their analyses, the Core Team was unable to classify this PFM as a Category |, Il or IV without

additional information. Therefore, Core Team classified this failure mode as Category 1l

Potential Risk Reduction Measures:

To reduce risks associated with this PFM, the subsurface conditions should be reevaluated and
characterized for strength and hydrogeologic conditions and reanalyzed to include affects of loose wet

sluiced ash and surcharge loading associated with ash haul trucks.

Potential Failure Mode 18 — Dike Section C — Global Slope Instability Leads to Loss of
Containment

Failure of a section through the perimeter dike and ash fill due to global instability causes a catastrophic
failure of the ash fill slope and discharge channel dike and leads to a loss of containment of stacked ash

into Saginaw Bay.
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Likely / Adverse Not Likely / Positive

Results of CPT-4 indicate a layer of No surface sloughs or creep on the outer
soft clay in the perimeter dike (Su=400 | slope of the dike have been noted.
psf)

No seepage outbreaks observed on the slope
have been observed.

Rational for Characterization:

The stability analysis by AECOM makes the assumption that the ash above the foundation is placed and
compacted in a dry state. However, currently wet loose ash deposits are known to exist within Pond F.
Since a plan will need to be developed to ensure complete removal of the wet loose ash, the Core Team
categorized this PFM as needing more information. If a plan is developed to ensure that new compacted
dry ash can be placed on native foundation in the dry, this PFM can be recategorized as a Category IV

failure mode.

Potential Risk Reduction Measures:

To reduce risks associated with this PFM, the subsurface conditions should be reevaluated and
characterized for strength and hydrogeologic conditions and reanalyzed to include affects of loose wet
sluiced ash. A plan for excavating and dewatering Pond F should be developed to ensure that new ash
fill can be placed in the dry.

Potential Failure Mode 19 — Dike Section D — Global Slope Instability Leads to Loss of
Containment

Failure of a section through the perimeter dike and ash fill due to global instability causes a catastrophic
failure of the ash fill slope and discharge channel dike and leads to a loss of containment of stacked ash

into Saginaw Bay.

Likely / Adverse Not Likely / Positive
Results of SBW-3 indicate a layer of No surface sloughs or creep on the outer
peat is present in the perimeter dike. slope of the dike have been noted.

No seepage outbreaks observed on the slope
have been observed.

Rational for Characterization:

More information is needed to understand the stability of the ash fill over loose wet sluiced ash. The
conditions of the foundation of the ash fill and placement construction are not well characterized and

should be further explored. Therefore, Core Team classified this failure mode as Category Il
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Potential Risk Reduction Measures:

To reduce risks associated with this PFM, the subsurface conditions should be reevaluated and
characterized for strength and hydrogeologic conditions and reanalyzed to include affects of loose wet

sluiced ash in the fill area and peat in the perimeter dike.

Potential Failure Mode 20 — Dike Section E — Global Slope Instability Leads to Loss of
Containment
Failure of a section through the perimeter dike and ash fill due to global instability causes a catastrophic

failure of the ash fill slope and leads to a loss of containment of stacked ash.

Likely / Adverse Not Likely / Positive
Stability analysis has not been No surface sloughs or creep on the outer
completed for this section. slope of the dike have been noted.

No seepage outbreaks observed on the slope
have been observed.

Ash fill is not planned within 600 feet of the
perimeter dike.

Rational for Characterization:

If the fill plan was altered to allow ash placement near the perimeter dike, then a stability analysis should
be completed to determine unknown conditions of the ash fill foundation and stability of the structure.

Therefore, Core Team classified this failure mode as Category lll.

Potential Risk Reduction Measures:

To reduce risks associated with this PFM, the subsurface conditions should be reevaluated and
characterized for strength and hydrogeologic conditions and reanalyzed to include affects of loose wet

sluiced ash in the fill area.

Potential Failure Mode 21 — Dike Section F — Global Slope Instability Leads to Loss of
Containment

Failure of a section through the interior dike and ash fill due to global instability causes a catastrophic
failure of the ash fill slope and interior dike and leads to a loss of containment of stacked ash into the

discharge channel.
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Likely / Adverse Not Likely / Positive

Stability analysis has not been No surface sloughs or creep on the outer
completed for this section. slope of the dike have been noted.

Sluiced wet ash exists on both sides of | No seepage outbreaks observed on the slope
the internal dike at Area F. have been observed.

Loose wet ash present below elevation | The area west of Section F is currently part of
591 with blow counts of 1 and weight of | the Weadock Ash Storage Facility.

hammer experienced.

The toe of the proposed stacked ash
slope over deposits of loose and wet
ash is located 10 feet away from the
interior dike.

The interior dike was not constructed to
be a structural dike, only an access
road.

Rational for Characterization:

A stacked ash is permitted to be filled adjacent to this interior dike up to elevation 640 feet. This section
of dike was not considered in previous stability analyses. . A stability analysis needs to be completed in

order to assign a Category I, Il, or IV. Therefore, Core Team classified this failure mode as Category lII.

Potential Risk Reduction Measures:

To reduce risks associated with this PFM, the subsurface conditions should be reevaluated and
characterized for strength and hydrogeologic conditions and reanalyzed to include affects of loose wet

sluiced ash in the fill.

Potential Failure Mode 23 — Dike Section A, D, E, and F — Rapidly Raising Ash Causes an
Undrained Condition in the Perimeter Dike Foundation Which Leads to Slope Failure and Loss of
Containment.

The fine-grained soils (ash, clay, or silts) in the perimeter dike foundation and in the ash fill foundation
become undrained due to new loads from rapidly placing ash. The new load creates an undrained
condition within the soils leading to a slope failure of the perimeter dike and loss of containment. Note
that this PFM did not apply to Sections B and C. Pond P1 next to Section B is not planned to be filled

with ash and all wet loose ash is proposed to be removed from Pond F, which is adjacent to Section C.
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Likely / Adverse Not Likely / Positive
Ash filling is planned to elevation 650 Rapid ash filling is unlikely because filling is
feet from the current average elevation | limited to 12 feet max per year in 3 foot lift
of 590 feet. increments by the solid waste permit. This
filling has rate has been completed
successfully to date
Sluiced wet fly ash exists in the Ash filling is limited by the available amount of
foundation of the ash fill in all planned ash stored in the silo.
fill areas except Pond F, which is
planned to be excavated to natural
soils prior to ash filling.
The stability analyses conducted on
Sections A and D did not consider the
wet loose ash and no stability analyses
have been conducted for sections E
and F.

Rational for Characterization:

The rate of filling that would cause instability in the loose wet sluiced ash in the foundation of the ash fill is
unknown. Further information is needed to determine the classification of this failure mode as a Category
[, I or IV. Subsurface exploration results and a stability analysis are needed to gather required

information. The Core classified this failure mode as Category lll.

Potential Risk Reduction Measures:

Adding instrumentation such as piezometers to monitor groundwater levels and pore water pressure and
inclinometers to measure any slope movements could be used to better quantify the risk associated with
this failure mode. Also, characterizing the strengths of the subject soils and evaluating the slope stability
assuming surcharge loading under undrained conditions (total stress analysis) would be helpful in
guantifying the actual risk. Raising the ash fill area in pre described stages based on stability analyses
and an instrumentation plan or raising the ash fill to its final geometry would reduce the risk of this failure
mode. Ground improvement methods could be employed to strengthen the problem layers such as soil

mixing, wicks, or stone columns.

Potential Failure Mode 31 — Interior Dikes — Failure of Interior Dike into Pond P1 Due to Instability
of the Ash Fill Leads to Loss of Containment Along the Discharge Channel.

Interior dikes act as divider dikes between ponds within the disposal area. Due to instability of the ash fill
in Pond F, the interior dike fails and allows ash to flow over the perimeter dike into the discharge channel

resulting in a loss of containment.
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Likely / Adverse Not Likely / Positive
Interior dikes contain ponds or stacked | The foundation of ash fill in Pond F will not be
areas higher in elevation than the crest | affected by wet sluiced ash in the foundation
elevation of the north perimeter dike. of the fill because CEC plans to excavate the
fill area prior to dry ash placement.

There is no containment or freeboard
associated with the interior dikes in
some areas.

Rational for Characterization:

It is very unlikely that a failure of the interior dikes would result in a loss of containment beyond the
perimeter dike. However, it is unknown exactly how far stacked ash will travel before becoming stable.
Therefore, the Core Team felt this failure mode could be ruled out pending further investigation and was

classified as a Category Il

Potential Risk Reduction Measures:

Multiple stability analyses for different failure scenarios should be considered to identify any areas of
concern and to determine the distance a failed ash slope would travel. Stability analyses should be
completed on the interior dike separating Pond F and Pond P1 in the final fill stage conditions defined in

the landfill permit, considering loose wet sluiced ash in the base of the ash fill foundation and interior dike.

4.3 Category IV — Potential Failure Mode Ruled Out

Potential failure modes may be ruled out because the physical possibility does not exist, information
came to light which eliminated the concern that had generated the development of the potential failure
mode, or the potential failure mode is clearly so remote as to be non-credible or not reasonable to

postulate.

Potential Failure Mode 5 — Abandoned Outfall Structures — Piping, Seepage, or Collapse of
Abandoned Pipe Leads to Ground Loss and Breach of Perimeter Dike Causing Loss of Containment

The former outfall discharge pipes have been abandoned in place. These pipes deteriorate to the point of
collapse in the dike and ground loss occurs, leading to a breach of the surrounding embankment and loss

of containment. (See Figure 2.)

Likely / Adverse Not Likely / Positive
Current condition of the structures is No problems associated with the structures
unknown. have been observed to date.
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Rational for Characterization:

The pipes were sealed with concrete in April 2009 and documented as part of the Weadock Slurry wall
QCA Report. Although it is not know if the pipes were completely filled, the Core Team classified this
PFM as a category IV.

Potential Risk Reduction Measures:

The abandoned pipes could be removed and replaced with compacted fill.

Potential Failure Mode 7 — Dike Section A — Surface Erosion or Internal Seepage Leads to Breach
of Perimeter Dike Causing Loss of Containment
Surface erosion of the ash fill slopes or internal seepage in the ash fill leads to washing ash across the

top of the perimeter dike causing a loss of containment and potentially eroding the dike.

Likely / Adverse Not Likely / Positive
There is no barrier for surface water Daily inspections discover any erosion issues
runoff from the ash slope in areas which are repaired as needed.

where an access road diverts from the
perimeter dike up the ash slope.

Perimeter ditches are not well- This circumstance is localized to areas with
maintained to promote storm water no perimeter ditch between the ash fill and
drainage. perimeter dike.

Rational for Characterization:

Even though surface erosion has been observed, it is unlikely that surface or seepage water will mobilize
significant quantities of ash across the perimeter dike or cause enough damage to breach the perimeter

dike. Therefore, the Core Team felt this failure mode could be ruled out and classified as a Category IV.

Potential Risk Reduction Measures:

To further reduce risk, road grades could be sloped inward or crowned to prevent erosion from traveling
across the perimeter dike. In addition, the perimeter storm water ditches could be maintained to

accommodate significant rainfall events.

Potential Failure Mode 8 — Dike Section A — Channel Hydraulics Leads to Erosion of Perimeter
Dike Slope Toe Causing Slope Failure and Loss of Containment

The discharge channel conveys cooling water discharged by the Karn and Weadock plants to Saginaw
Bay. This flow erodes the perimeter dike slope toe creating instability and causes a slope failure and loss

of containment.
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Likely / Adverse Not Likely / Positive
The exterior slope of the perimeter dike | The toe of the perimeter dike is armored with
is primarily made of bottom ash and riprap stone.
other erodable soils.
Flow velocities in the discharge
channel are 2 to 3 feet per second.

Rational for Characterization:

Since the perimeter dike along the discharge channel is armored with stone, the Core Team felt this

failure mode could be ruled out and classified as a Category IV failure mode.

Potential Risk Reduction Measures:

To reduce potential risk, current channel geometry, low flow velocity, and toe riprap should be

maintained.

Potential Failure Mode 9 — Station C to E — Dredging the Discharge Channel Leads to Slope
Instability and Loss of Containment
During dredging, the discharge channel is over-dredged near the toe of the perimeter dike along the

discharge channel and as a result the dike becomes unstable and fails leading to a loss of containment.

Likely / Adverse Not Likely / Positive
There is a potential for over-dredging if | Discharge velocities are estimated at 2 to 3
dredging takes place. feet per second.

Discharge velocities keep channel flushed.

Channel has not historically needed dredging.

Dredging contracts will follow a plan.

The discharge channel has reportedly never
needed dredging.

Rational for Characterization:

The discharge channel has not needed dredging in the past. Therefore, the Core Team felt this failure

mode could be ruled out and classified as a Category IV failure mode.

Potential Risk Reduction Measures:

If future dredging is needed, a dredging plan should be developed to reduce impact on the perimeter dike

slope to reduce risk associated with this failure mode.
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Potential Failure Mode 17 — Dike Section B - Global Slope Instability Leads to Loss of
Containment

Failure of a section through the discharge channel dike and ash fill due to global instability causes a
catastrophic failure of the ash fill slope and discharge channel dike and leads to a loss of containment of

stacked ash into the discharge channel.

Likely / Adverse Not Likely / Positive
Results of CPT-2 show a layer of soft No surface sloughs or creep on the outer
clay from 10 to 12 feet below the slope of the dike have been noted.

ground surface (Su=200 psf)

No seepage outbreaks observed on the slope
have been observed.

No sufficient driving force to cause a slope
failure.

Rational for Characterization:

Although a soft clay layer was found, there is not a sufficient driving force to cause a slope failure at this

structure. Therefore, Core Team classified this failure mode as Category IV.

Potential Risk Reduction Measures:

To reduce risks associated with this PFM, the subsurface conditions should be reevaluated and
characterized for strength and hydrogeologic conditions and analyzed to include affects of loose wet

sluiced ash.

Potential Failure Mode 22 — All Dike Sections — Construction Equipment Loads Causes Perimeter
Dike Slope Failure and Loss of Containment
Heavy construction equipment is used to transport ash and could potentially use the perimeter dike as a

haul route. This heavy load creates instability and cause a slope failure and loss of containment.

Likely / Adverse Not Likely / Positive
40 to 80-ton articulated trucks are used | Load limits are in place to limit large haul
to haul fly ash to the disposal area. trucks from driving on the perimeter dike

where the slurry wall is in place.

Large trucks and equipment have been on the
perimeter dike previously with no stress noted
in the dike.

Rational for Characterization:

Since large traffic loads have occurred in the past along on the perimeter dike without any slope failures,
it is unlikely that the slope would fail now. If heavy trucks are kept off of the perimeter dike, as they are

currently, the Core Team felt this failure mode could be ruled out and classified as a Category IV.
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Potential Risk Reduction Measures:

To reduce the risk to this potential failure mode, heavy loads should be kept off of the perimeter dikes. A

logistics plan should be developed for haul routes and improved roadways, as well.

Potential Failure Mode 24 — Transmission Tower — Rapidly Raising Ash Causes an Undrained
Condition in the Ash Fill Foundation Which Topples the Transmission Towers and Leads to Slope
Failure and Loss of Containment

The fine-grained soils (ash, clay, or silts) in the transmission tower foundation and in the ash fill
foundation become undrained due to new loads from rapidly placing ash. The new load creates an
undrained condition within the soils leading to a failure of the transmission tower foundation subsequently

causing slope failure of the ash fill and loss of containment.

Likely / Adverse Not Likely / Positive
Ash filling is planned to elevation 650 Rapid ash filling is unlikely because filling is
feet from the current average elevation | limited to 12 feet max per year in 3 foot lift
of 590 feet. increments by the solid waste permit. This
filling has rate has been completed
successfully to date
Sluiced wet fly ash exists in the Ash filling is limited by the available amount of
foundation of the ash fill. ash stored in the silo.

Ash filling is planned for only one area
at a time creating uneven loading on
either side of the transmission towers.

Rational for Characterization:

There is a potential for instability of the transmission tower foundation from rapidly loading ash near the
tower base. However, the facility employs a 30-foot set back of any activity from the base of the tower
limiting the proximity of ash filing. The Core Team felt that this failure mode was possible but very

unlikely and classified it as a Category V.

Potential Risk Reduction Measures:

To reduce risk associated with this failure mode, monuments could be installed on the base of the tower
and monitored for movement annually. Also, the ash fill plan could be modified so that ash would be

evenly filled around the base of the towers and not filled only on one side at a time.
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Potential Failure Mode 25 — All Dike Sections — Existing Trees Growing on Perimeter Dike Falling
or Rotting Leads to Slope Instability and Loss of Containment

Trees growing on the perimeter dike slope and ash fill slopes will eventually die or fall over. These trees
are likely to have sizable root systems within the dike and ash fill slopes and causes instability of the dike.

This instability causes a slope failure and loss of containment.

Likely / Adverse Not Likely / Positive
There are currently large trees growing | It is unlikely that the root ball intersects the
on the slopes. water table, even in a large rain event when
the water table under the fill area can become
mounded.

Trees and roots can hide surface
conditions from view making
inspections difficult.

Rational for Characterization:

Though there are many trees growing on the slopes, it is unlikely that even a large tree uprooting would
cause sufficient dike instability to cause a slope failure and loss of containment. Therefore, the Core

Team felt this failure mode could be ruled out and classified as a Category IV failure mode.

Potential Risk Reduction Measures:

To reduce the risk associated with this failure mode, trees and stumps should be removed from the
perimeter dikes and a maintenance program should be developed to keep woody plants from growing on

the perimeter dike.

Potential Failure Mode 26 — All Dike Sections — Existing Conduits Buried in the Perimeter Dike
Provide a Path for Ash Piping Which Leads to Loss of Containment

Electric conduits providing power for environmental monitoring at the NPDES discharge point are buried
in the perimeter dike. Groundwater flow around these conduits creates piping erosion around the outside

of the conduit pipes which leads to loss of containment.

Likely / Adverse Not Likely / Positive
Conduit is present in the perimeter Average ground water level is below the
dike. conduit elevation. Ground water would have

to raise significantly before it could potentially
cause a problem.

Conduits have sealed ends and do not
conduct flow.

Rational for Characterization:

Since the groundwater is so much lower than the conduit, the Core Team felt this failure mode could be

ruled out and classified as a Category IV failure mode.
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Potential Risk Reduction Measures:

To reduce risk associated with this failure mode, the conduit could be removed and re-routed overhead.

Potential Failure Mode 27 — Dike Section C — Waves or Ice Attacks Perimeter Dike Toe of Slope
Causing Damage Resulting in Slope Failure and Loss of Containment

Saginaw Bay forms large waves from wind and freezes in the winter months creating large sheets of ice
that can be driven into the perimeter dike slope. Wave or ice attacks of the perimeter dikes causes

damage to the perimeter dike creating instability and causing slope failure and loss of containment.

Likely / Adverse Not Likely / Positive
Ice and waves are present yearly. The perimeter dike is protected by large stone
riprap.
The perimeter dike slope is observed and
maintained as needed.

Rational for Characterization:

The perimeter dike contains substantial riprap for erosion protection. It is unlikely that waves or ice would
lead to a loss of ash containment. Therefore, the Core Team felt this failure mode could be ruled out and

classified as a Category IV failure mode.

Potential Risk Reduction Measures:

To reduce the risk of wave and ice damage, the slopes could be inspected after storms or ice heaves.

Potential Failure Mode 28 — Dike Sections C and D — Increased Load Due to Corner Effects Leads
to Slope Failure and Loss of Containment

Lateral forces are induced from two directions at the corners of the containment area causing a greater
total force on the containment dike at the corners. Corners begin to fail from the lateral force which leads

to a slope failure and subsequently ash is released from the disposal facility (loss of containment).

Likely / Adverse Not Likely / Positive
Ash fill has not reached the final fill No distress has been visually observed at the
elevation of 650 feet. 60 feet of corner.

additional ash could be added to the
overall load experienced by the corner.

Rational for Characterization:

The Core Team felt that this failure mode could be classified as a Category IV based on the fact that no
distress has been observed and can be ruled out as a failure mode if a plan to construct shallower slopes

at the corners is developed and implemented.
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Potential Risk Reduction Measures:

It would be possible to further reduce the risk to this failure mode by flattening the slopes of the existing
ash fill at the corners or installing an inclinometer at the corner to measure for movement. A plan to

construct flatter slopes as the ash is filled could be developed.

Potential Failure Mode 29 — Dike Section B, C, D, E, and F — Internal Seepage with a Rise in
Phreatic Surface Leads to Slope Failure of the Perimeter Dike Through the Slurry Wall, Ground
Loss, and/or Piping Which Leads to Loss of Containment.

Internal seepage within the ash containment worsens by a rise in phreatic surface above normal levels
induced by the slurry wall. Increased seepage leads to slope failure of the perimeter dike, ground loss,

and/or piping, all of which results in a breach of the perimeter dike and loss of containment.

Likely / Adverse Not Likely / Positive
Fly ash and loose granular soils are Input flow has been permanently reduced
highly erodable materials. which should alleviate the superelevated
water levels.

Artificially high phreatic surfaces are
created by sluice water introduced into
the disposal area in combination with
the slurry wall.

Rational for Characterization:

The phreatic surface is monitored and controlled by the owner by the inclusion of process waters. The
phreatic surface should lower to an elevation closer to the level of Saginaw Bay over time since the
facility is no longer sluicing fly ash. Therefore the Core Team felt that this failure mode was not possible

and is a Category IV failure mode.

Potential Risk Reduction Measures:

To keep elevated phreatic surfaces from contributing to this failure mode, operations staff should maintain
current operating procedures with regards to fly ash disposal. Tall grasses should be mowed and trees
removed to visually observe and monitor slopes for developing seepage problems. Monitoring wells

around the perimeter should be monitored for phreatic surface elevation fluctuations on a regular basis.
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Potential Failure Mode 30 — Dike Section A — Internal Seepage with a Rise in Phreatic Surface
Leads to Slope Failure of the Perimeter Dike, Ground Loss, and/or Piping Which Leads to Loss of
Containment.

Internal seepage within the ash containment worsens by a rise in phreatic surface above normal levels
induced by the slurry wall. Increased seepage leads to slope failure of the perimeter dike, ground loss,

and/or piping, all of which results in a breach of the perimeter dike and loss of containment.

Likely / Adverse Not Likely / Positive
Fly ash and loose granular soils are Input flow has been permanently reduced
highly erodable materials. which should alleviate the superelevated
water levels.

A shallow gradient exists in this area to
vent groundwater to the discharge
channel from the disposal facility.

Rational for Characterization:

The phreatic surface is monitored and controlled by the owner by the inclusion of process waters. The
phreatic surface should lower to an elevation closer to the level of Saginaw Bay over time since the
facility is no longer sluicing fly ash. Therefore the Core Team felt that this failure mode was not possible

and is a Category IV failure mode.

Potential Risk Reduction Measures:

To keep elevated phreatic surfaces from contributing to this failure mode, operations staff should maintain
current operating procedures with regards to fly ash disposal. Tall grasses should be mowed and trees
removed to visually observe and monitor slopes for developing seepage problems. Monitoring wells
around the perimeter should be monitored for phreatic surface elevation fluctuations on a regular basis.

4.4 Category IV-ND — Potential Failure Mode Ruled Out and Not Developed
Potential failure modes discussed which were not developed in detail were classified as Category IV-ND
(not developed) generally because the PFMA team judged them to be too improbable to warrant an in-

depth evaluation of adverse versus positive factors.

Potential Failure Mode 11 — Dike Section B — Static or Seismic Ligquefaction of the Loose Wet Ash
in the Foundation of the Perimeter Dike Leads to Slope Failure Which Leads to Loss of
Containment.

Loose wet ash in the foundation of the perimeter dike becomes liquefied as a result of an earthquake or
rapid increase in slope loading due to ash filling. One of these loading conditions leads to a slope failure

of the perimeter dike and loss of containment of ash.

43
CEC_Weadock_PFMA_Report_FINAL_11062009.doc



Rational for Characterization:

There is no ash fill planned for areas near the perimeter dike at “Section B”. Without a driving force, this

failure mode is not a risk to the project structures and was not developed.
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5.0 Potential Risk Reduction Measures (RRM)

During the PFMA process, the Core Team identified measures that could reduce the potential for some
failure modes from occurring. In general, the greatest measures to control risk are related to diligent
observations, monitoring, operation, and maintenance conducted by operators assigned to this project.

Specifically, the operators can reduce the risk of failures using the following measures:

1. Existing fill rates should not exceed the current plan of 12-feet max per year and uniformly load

large areas to prevent undrained loading. This RRM applies to PFM Nos. 23 and 24.

2. Monitor piezometers to obtain static groundwater levels upstream and downstream of the
perimeter dike and to monitor any slope movements. This RRM applies to PFM Nos. 16, 17, 18,
19, 20, 21, 29 and 30.

3. Monitor and record static groundwater levels from existing monitoring wells. This RRM applies to
PFM Nos. 29 and 30.

4. Remove trees and stumps and mow tall grasses from perimeter dike slopes. This RRM applies
to PFM Nos. 25, 29, and 30.

5. Remove trees and stumps and mow grasses from perimeter storm water collection ditch. This
RRM applies to PFM No. 32.

6. The existing fire water ditch could be cleaned out and enlarged. Also, an alarm or other warning

instrumentation could be installed to prevent overtopping. This applies to PFM No. 6.

7. Scheduled inspections for surface erosion, cracking, slumping, woody growth on the perimeter
dike and ash fill slopes. This RRM applies to PFM No. 27.

8. Scheduled inspections for clogging, freezing, or reduced flow in outlet structures. This RRM
applies to PFM Nos. 1 and 3.

9. Installation of emergency overflow devices at discharge locations where overflow is directed back
into the containment area to be stored until the problem causing the overflow can be alleviated.
This RRM applies to PFM Nos. 1 and 2.
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10.

11.

12.

13.

14.

15.

16.

17.

Add high water level alarm at outlet structures to warn of overtopping. This RRM applies to PFM
No. 1.

Raise freeboard at outlet structures to prevent overtopping. This RRM applies to PFM Nos. 1 and
2.

Scheduled visual inspections of the interior of the discharge pipes for deterioration or damage.
This RRM applies to PFM Nos. 3 and 5.

Flatten slopes at corners of fill area. This RRM applies to PFM No. 28.
Improve strength in the perimeter dike with ground improvement methods such as soil mixing,
wicks, or stone columns. This RRM applies to PFM Nos. 10, 12, 13, 14, 15, 16, 18, 19, 20, 21,

29 and 30.

Evaluate current condition of abandoned structures within the perimeter dike and remediate as
necessary. This RRM applies to PFM No. 5.

Grade perimeter roads inward or crown them to prevent loss of containment from surface water
runoff. This RRM applies to PFM Nos. 32.

Inspect perimeter dike slopes after storms for ice or wave damage. This RRM applies to PFM
No. 27.

In addition, to the measures that should be implemented by the ash landfill operators, the following

additional risk reduction measures were developed:

Supplemental soil borings and instruments (pneumatic piezometers and inclinometers) are
needed to obtain soil properties, monitor static groundwater levels upstream and downstream of
the perimeter dike, and monitor for slope movements. This RRM applies to PFM Nos. 10, 12, 13,
14, 15, 23, and 28.

Stability analyses should be completed to further identify any instability in the perimeter dike or
foundation. Future stability analyses should also consider wedge block-failure surfaces, fully
drained and undrained analysis, surcharge loading associated with ash haul trucks, were
appropriate, and unstable nature of the sluiced ash under rapid loading conditions, and re-

evaluated soil properties and hydrogeologic conditions. This RRM applies to Sections A, D, E,
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and F and PFM Nos. 16, 17, 18, 19, 20 and 21. Section B is considered stable and Section C is

considered stable, provided Pond F is cleaned of wet loose ash.

3. Develop a staged filling plan for stacking fly ash to limit rate of loading on soft or organic clays
and sluiced loose wet ash in the fill area foundations. This RRM applies to PFM Nos. 10, 12, 13,
14, 15, 23 and 24.

4. Develop storm water management plan including pond capacities for a design storm event. This
RRM applies to PFM No. 2.

5. Develop a dredging plan for the discharge channel that will prevent negative impacts to the
perimeter dikes. This RRM applies to PFM No. 9.

6. A plan for excavating and dewatering Pond F should be developed to ensure that new ash fill can
be placed in the dry. This RRM applies to PFM No. 18
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6.0 Findings and Understandings

The following is a list of the findings and understandings resulting from the Potential Failure Mode
Analysis (PFMA) session for the J.C. Weadock Ash Disposal Facility held on August 13 and 14 of 2009.
This list represents the most significant observations made by the individuals involved with the PFMA

session that may not have been previously apparent:

1. The slurry wall is not continuous, there is a vent (Section A) allowing ground water flow to the

discharge channel.
2. Pond Fis planned to be excavated down to natural soils and filled with dry ash.

3. The underground pipe conveying flow from the triangle pond northwest of Pond F to the flow
channel leading to the NPDES discharge point could be removed. There are options to bypass
this pipe and the flow path simplified to reduce the risk associated with unnecessary underground

pipes in the perimeter dike.

4. The majority of existing ash fill is not above elevation 590 feet. Since the final anticipated fill
elevation is 650 feet, the facility is still in the early stages of its fill life which allows time for

changes to the fill plan, if needed.

5. The “excavate and replace” method has been used in some areas of the facility. In these areas,
wet loose fly ash was excavated and replaced by dry compacted ash, which is inherently more

stable than wet loose ash.

6. The perimeter dikes appear to have been placed on natural ground based on soil boring

information.

7. Soil borings completed within the interior of the facility (Borings SBW-26 and SBW-27) show that
loose wet sluiced ash has very low strength and high void ratios with the potential for future

stability issues related to undrained conditions.

8. The stability of the interior dikes should be considered related to a loss of containment. For
example, an internal failure of ash fill in Pond F into Pond P1 could occur. If the ash flows, the

angle of repose could be flat enough that the ash fills Pond P1 and overtops the perimeter dike.
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10.

11.

12.

13.

14.

15.

16.

17.

There have been very limited occurrences of failures or distress within the facility. A minor failure
of an internal channel berm caused some overtopping internally but did not result in a release of

ash from the containment of the facility.

Vehicle load limitations developed from engineering design have been enforced upon completion
of the slurry wall installation in order to minimize the risk of a surcharge induced failure along the

top of the dikes.

The slurry wall does not extend west to contain the bottom ash pond and former fly ash transport

ditch area.

Trees, heavy brush, and tall grasses are obstructing the ability to visually monitor slopes for

indications of stability problems.

The operational switch from wet ash sluiced disposal to dry ash placement has significantly

reduced the hydraulic loading into the facility.

The rate of ash filling is limited to the amount of ash available in the silo for placement. This
reduces the risk of rapid ash filling inducing an unstable condition in loose wet sluiced fly ash

from rapid loading.

Michigan State University has an archival photograph collection at its library that includes
historical aerial photographs of the Karn and Weadock sites providing for increased knowledge of

the site history and facility/pond development.

Based upon AECOM's past experience, wet sluiced ashes generally will consolidate very little
and remain loose under stacked compacted ash. The arrangement of the fly ash particles will
resist gradual loading and do not rearrange to consolidate. Some crushing of the particles may
occur which will provide space for other particles to occupy, thereby creating room for some
consolidation. However, fly ash particles are generally strong and are spherical in shape so
particle crushing is minimal (AECOM, 2009b).

The discharge point for fly ash into the disposal facility from the plant has been historically in only
one spot (west side). Therefore, the coarse fractions of the ash would be generally expected on
the west side because it would settle out first, near the discharge point. The finer fraction (slimes)
would remain suspended in the sluice water and take longer to settle out, depositing the slimes

on the east side near the NPDES discharge point, or in Pond F. Based on this understanding,
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there is a potentially higher risk of a slimes-based failure mode in areas not planned to be

excavated down to original soils prior to future ash filling.

18. The layout of fly ash transport ditches in combination with the process of dredging and stacking
and plans to excavate Pond F reduce the risk of developing a condition where fly ash is stacked
over a slimes layer.

19. The current NPDES outfall location is the 2nd point of discharge during the history of the
Weadock facility. The original location was at the northwest corner of Pond F (see Section 2.2 for
details).

20. Due to conversion from wet to dry ash handling, the flow to the facility was significantly reduced.

21. The internal divider dikes were raised with bottom ash.

22. There is insufficient seismic loading at this site to trigger seismic liquefaction.
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7.0 Conclusions and Recommendations

A total of 32 failure modes were developed during the PFMA session by the Core Team members. No
Category | failure modes were identified, which indicates that there appears to be no imminent risks to the
project structures related to a loss of ash containment. There were six (6) Category Il failure modes that
suggest active monitoring needs to be maintained to prevent loss of containment. Twelve (12) failure
modes were identified that require additional information to categorize. The remainder of the failure
modes considered were classified as a Category IV or IV-ND. Table 6-1 summarizes the number of

failure modes identified for each category.

Table 6-1 - Summary of Number of Potential Failure Modes for Each Category

Category Number of PFMs
| — Highlighted Potential Failure Modes 0
Il — Potential Failure Modes Considered but not Highlighted 6
Il — More Information or Analyses are Needed in order to Classify 11
IV — Potential Failure Mode Ruled Out 14
IV-ND — Potential Failure Mode Ruled Out and Not Developed 1

Based on the results of the PFMA session and in consideration of risk reduction measure associated with
the Category Il or lll failure modes, we recommend the following actions be taken to minimize the risk of a

loss of ash containment at the Weadock ash disposal area:

e Conduct supplemental soil borings and conduct stability analyses on the perimeter dikes
(Sections A, D, E, and F) adjacent to the areas receiving stacked ash above elevation 590 feet
and up to elevation 650 feet with the goal of re-categorizing the related Category Il failure
modes. A detailed exploration program will need to be developed to supplement the existing
subsurface information and support the recommended stability analyses. The analyses should
consider drained and undrained conditions, surcharge loading associated with ash haul trucks,
were appropriate, the unstable nature of the sluiced loose wet ash in the foundation of the ash fill
under rapid loading conditions, and actual ground water conditions. Should an analysis be
completed with the above mentioned considerations, the recommendations provided within the
stability analysis report should be implemented for further planning related to the safe

performance of the ash containment system.

e Develop a plan to ensure removal of wet loose ash from Pond F or conduct a stability analysis

that considers the presence of wet loose ash and possibly ash slimes.
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The presence of trees, shrubs, and tall grasses are preventing adequate inspection of the
perimeter dike slopes and functioning of the perimeter storm water ditch. We recommend a
vegetation maintenance plan be developed to include the removal of trees, stumps, and shrubs,
and periodic mowing of grass on the downstream side of the perimeter dikes and within the
perimeter storm water drainage ditch. The perimeter storm water ditches should be maintained to
provide positive drainage to one of the internal cells and eventually out through the NPDES
outfall.

The functioning of the NPDES outfall is critical to the managing risk associated with loss of
containment. We recommend a formal inspection program be developed for documenting the
condition of the outfall structure including inspections for clogging, freezing, reduced flow, and
deterioration or damage of the discharge pipe. In addition, a formal daily inspection plan for
monitoring the performance of the outfall should be implemented and the pipe should be visually
inspected. A remotely-monitored high water alarm should be considered for installation at the
outfall.

Although minor, storm events could erode ash across the perimeter access road. We
recommend grading the perimeter roads inward to prevent loss of containment from surface
water runoff.

No pipe penetrations of the perimeter dikes should be performed without engineering controls,
filters and controlled backfilling.

In addition to actions recommended to be taken in consideration of risk reduction measures associated

with Category Il or Ill failure modes, we recommend the following actions associated with risk reduction

measures for Category IV failure modes also be taken:

Develop a staged filling plan for stacking fly ash to limit rate of loading on soft or organic clays
and sluiced loose wet ash in the dike and fill area foundations.

Only two of the many perimeter monitoring wells are currently monitored for water levels. We
recommend a formal written plan be implemented to monitor groundwater levels within all
perimeter monitoring wells. The data collected from these wells should be used to develop

hydrogeologic conditions for a stability analysis of the perimeter dikes.
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e Regularly scheduled inspections for surface erosion, cracking, slumping, woody growth on the
perimeter dike and ash fill slopes should be identified in a formal written SMP to allow for

adequate inspection of the dike slopes.

e Inspection of the perimeter dike slopes after storms for ice or wave damage should be identified

in a formal SMP to identify any damage as a result of a storm or ice event.
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8.0 Qualifications

AECOM has prepared this report under the direction of experienced, Michigan licensed professional
engineers in accordance with practices reputable and appropriate in the evaluation of containment
structures for the prescribed use of CEC. The recommendations provided above are based upon the

opinions of AECOM and were made independently from CEC, its employees, and its representatives.
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Figures

Figure 1 - Site Location Map

Figure 2 - Karn and Weadock Facility Map

Figure 3 - J C Weadock Ash Disposal Facility Map

Figure 4 - Ash Field Extension — Pond “F”

Figure 5 - Ash Field Extension — Pond “F” Sections and Details
Figure 6 - Fly Ash Slurry Wall Layout with Weight Restrictions
Figure 7 - End of Construction Contours

Figure 8 - Pond F Stone Protection Plan and Details

Figure 9 - 1950 Aerial Photograph

Figure 10 - 1959 Aerial Photograph

Figure 11 - 1963 Aerial Photograph

Figure 12 - Quaternary Geology

Figure 13 - Soil Boring Location Diagram

Figures 14 through 21 - Slurry Wall Alignment Profiles

CEC_Weadock_PFMA_Report_FINAL_11062009.doc



v
== | AECOM

Pinconning

Saginaw Bay

Lake Huron WWW.aecom.com
f‘ Copyright ©2009 By: AECOM
Sebewaing
HURON
D E Karn and
J C Weadock dp)]
Facilities (N
&> > =
<ZE —
Essexville % E %
'. Ox O
@_.A,‘. A ONP T
—0Q2
D) —
<x <=
S MIDLAND Owuw h
Shepherd Freeland (2a) 9 E ; 1
\ TUSCOLA Caro 0 Q -
=
| | Eox X
Saginaw Fownship North ' Robin Glen-Indiantown _ GGD— (/) LéJ % LU
; \ 7\Reese U)
L | N S><w
V Buena Vista " ~_ (/) Z L
i Saginaw-Township-South —@> 2
St..Louis I N Shields ./ o) <
@ U= Breckenridge Saginaw U x
Alma Bridgeport (NN
o
2 a
© Mayville
“Bek SAGINAW cass /‘?iver Frankenmuth
&) N
3 5
Bad Rj :’c
Legend ver St. Charles @
=== Primary Limited Access or Interstate rgs’)
= Primary US or State Highway 5 Drawn: JWW  7/29/2009
Secondal i S Birch Run__|
ry State and County Highway S rpproved . MDC._ 7/29/2009
Local or rual road Burt Scale: AS SHOWN
—— Railroads
Rivers Nowmes 60100985
Lakes

FIGURE 1
NUMBER

Chesaning Montrose Clioy




Windy Point Saginaw Bay
'S
¢~
¢ Y
¢ Yo
' 4 ~~
‘ “~~
‘\ Yo
= ~~~
)\ IS
mmm@@mmmgu| ..
1 S
' Yo
\ Kem Asli ..
] Dlsposel Avea ..
: ) === S
(CoallRile] [ 2 g .
'S
'S
KARN PLANT : “~
. “~’
‘S "
.~ Py "-----------
A Y P
o s "
~oe’ g
Dischenge Chenmel -
)
e m e mm - Weedeek Ash
*. Dispesel Arca
1
-.‘
‘--.
L
~~~
e
=
)

Saginaw River

Legend

-_' Approx. Ash Disposal Area

---------------’

35@53

gl
|

AECOM

www.aecom.com
Copyright ©2009 By: AECOM

CONSUMERS ENERGY COMPANY
ESSEXVILLE, MICHIGAN

D E KARN AND J C WEADOCK FACILITY MAP

Drawn: JWW 9/17/2009

Approved: MDC 9/17/2009

Scale: 1" = 1,000'

e 60100985

FIGURE
NUMBER 2




-mmn
a®

L
L4
.
.
.
.
.
)

Saginaw River

Legend

2= ==" Approximate Ash
%~ = === Disposal Area

Abendonsd Ouill

‘I--IIIIIIIII'IIII--I-IIII..

G"’ ‘l
¢ | |
G" [ ]
]
et Solld) Westo Powd F :
= . . ¥ | |
NPDES o° (B3) :
* Pend P4 .
\” .
Q“ D n
" 0/)0' :
Dischergs Chenne] et %% .
-IIII---IIIIII--IIIII-I--IIIII-II-.-- '
channel[el & :
.
.
]
]
EOUOm ™ Clhemns] G2 ;
.--M---;II------... .
RondlB6 .
Rond "‘ m . B :
]
| | | (e
. Clenne) o8 E :
: ]
Pend P2 8 8: 9
@ B3 B
% Fire Pond Plpss oG (B 2 - 8
‘..----.... S S : %
n.n.. % : S
h 8 :
Fire Pends ~..~ .
| |
K p
‘ | |
||@. L 4
u a

.------------------------------------'

Teayeo Dreln

300 600

Feed]

©

www.aecom.com
Copyright ©2009 By: AECOM

2005 NAIP AERIAL PHOTO
CONSUMERS ENERGY COMPANY
J C WEADOCK FACILITY
ESSEXVILLE, MICHIGAN

Drawn:

JWW  7/29/2009

Approved:  MDC  7/29/2009

Scale:

1" =600

PROJECT
NUMBER

60100985

FIGURE 3

NUMBER




[inseaT I I [ T I I
ey 1 I I I 1 [ 1

SERT
0

&
TZeAC |

o e

10 9 8 7 6 5 | 4 3 2 | 1 ewmsen
’ \ sexisz zJ |
TOWERS
L EXIST. DITCH; ¢ exisr RO,
EXIST. DIKE;
¢eus [/ WVEW SERVICE RD.
F .
~ EXIST. SERVICE RD,
E .
_NOTE:
J MUK EL, OF NEW FILL FOR 5[/2\//[}5 RD. 70 BE,
I 580.0 16LD — 5915 USLC.6.5 OR MEET E£X/ST -
‘ DIKE AMD OR SERVICE RO.(AT TOWER) £LEVATIONS
oire SECTION A-A .
: Q NTS ;
K\ ﬂ %UA/DERWOOD DRAIN :
g NORTH BOUKMDRY TRUG
POINT A RTH BOUIDRY OF GONS /euumm) p " %
END OF DiSeHARGE ( v
CHANNEL. T 20°
A v EW L0 ) v v
. Q 5 Q d G (e :
. . & o o 4 4 4 ( | i
q v !
. A BORROW AREA'B ;
. 3 } 3 NEW FILL
E EEXSTORESHRS ™ SECTION B-B SECTIoN CC
£ 99 : R CMTS. MNTS.
AN >
olb
N gy
—_— j NES
7\ ﬂ 4 ? RIE
T/DIKE ¢ SERVICE RD. £ 590.0° L6.L.D. - S015 USLES,
@19 AXIS (MEW DIKE) 2] : EW AL - /NEW SERVICE RO, . -
: 7 S~ ZowE 1
q v
f | ‘ / 7
0
: ¢ | . / 4 anoy  EVORE | FHST SERVCE RO, , .
| Q R NS e ‘
< A 8 secrion D-D
] 4 ¥ NTS.
& o
Iny
| < % ol b i 0 EXIST DIKE
2 5 R I
D ‘ 8 T b TACEY ORAIN (EXIST,) v
X W
N ,
& / M i '
Q% 5/(1- bh e5r—| [ 1 .. .o
. R 5 o HEW DIKE SH DISCHARGE LINE £ EXIST DIKE
9 * NOTE: ' : AN T T 1 -
o sy ~~/ 25R — 1 NEW CHANKEL. To BE cUT M Tl
: TG M 25 B N \ =N S R 5
N 2 % - (D'F 1S COMPLETED
. 3 L by
AR
40 ﬁ " RIP-RAP
— ‘ § . Nie LINE <
s ) (I ‘
S ] A e
o . AR . DETAILYES B 1PonDA 1
“ 4 N y SCALE: 1" 50" i
| DITCH NOT 7O SCALE
‘ ‘ i EXIST DIKE TIDIKE £L. 590.0 1640,
. ! 4 : /5 /5t 5
: P | 4 } g I
) : : N & ssen ' ‘ - S E— PONT'B" ﬁ
[N COR SEC. 12 S cor sec 1) IG.LD. ~ 2. 58560
\\k SOUTH LINE SEC.I ! Ml ! ~ l‘,& TS
C - — 2636.8' i 2 s S
‘ @ 36 GALV. CA1P ) |Fre-rAe
SEE BIA. MI95-GI09IKE /
' ﬁ SECTION EE
»jﬁALE: “ =10
B r WIDENED DRAIN exiST DiTeH
- P N 2
GT5'—mt |- ¥
. 47 Loy L
T ° t
- . 2 .
. &
N N N ﬂ Q
N POND'A” 6@‘9' ; ‘
n .
e N 619 ' N GENERAL MOTES
POINTB' .
3 EXIST, SHORE LINE o 4 ALL CONSTRUCTION 15 T0 BE WITHIN Cf2 CO. PROLERTY
V‘ 5#\ DIKE NORTH BOUMNDRY OF COMSTRUCTION,
s . . ) |——> / SERVICE. RD. L=DET */ f% B 2 @ OFSOUT/-/ DIKE SHALL BE 329.5° NORTH OF N's LINE.
- \/ B BN ¢ome . 5539 3. (L OF NORTH DIKE TO RUKN DUE EW IN LINE WITH POINTA”
\? 3 APPROX., 2305 MORTH OF SOUTH LINE SEC.I. POINT A"
B o~ 1\\ N WILL BE STAKED ONM SITE BY 7THE OWNERS REFRESENTA~
T = 4.9 I < TIVES AT THE MMWCORNER THE § OF THE AL DIKE 15 70
i - & ¥ . BANK OF DRAIN RUN IN A SW. DIRECTION AS SHOWM.
b <Dé7“‘ 2 o 0 §_LZE S f @~ % THE £ OF THE EAST DIKE (S 70 RUN PARALLEL
ol ' g QUSE W EIMT N I : 70 CPCO._PROPERTY LINE AND. OFFSET /o' FROM PROPERTY LINE.
NN _NOTE: 3 oY 5. THE ¢ OF THE W/DENED UNDERWOOD DRAIN 1S TO RUK
Y HOUSE €51 T0 88 S 25 . PARALLEL 70 C£00 BROPERTY LINE AND OLFSET,
| DENIOLTS) W & NOTE? W7 THE FROPERTY LINE, T1/E ENTIRE 50" DRAI
. oo BE O
\ o017 = [ N o LINE = WIDENED UNDERWOOD DRAIN |+ =+ * Gorrom 15 70 ¢
2698.85" S 70 MEET, EXIST. DRAIN
N s9°az & DITeH “ ¥ L 1 I ©. SEE M1/95- 5 0909 SH.E FOR SECTIONS | THRU L,
N 7 FOR BN SEE NI/95-G@S09 SH. &
3 2 I I 8. 7007 POSTS WERE SET 87 200 FT INTERVALS AT AL
N &( ELEVATIONS TRKER N WATER
g - I 0, BME) - NAIL IN LIGHT FOLE 350F7, A OF I8 COR £ SIOE
N ’ - swo! ) A . N ¢ DF JOMES RO.= €L, 583./G. 1.6L.D.
B ANOTE! /AéLL %EEA/LAE ;Z,;//_;Ms aﬁa/;/‘xg?r P 10, BMPE - ARROW ON FIRE HYDRANT AT END OF JONES RD.
R A ON & SIDE - L. 580.86 1.6.L.O,
| 77es ~ RECOCATED TACEY DRAINS DETAIL */ Y
Y SCALE: "=50" | W REE D
v N ~EX/ST UNDERWOOD _, S FC o aTosne
- %  ORAIN M s
A
GWO S99
£ |25 7| CHANGED &L So8r 70 585,16 NOTES e EHL 2i8)22) B || acven 1 sounory ror coust. - ree  |EHL 7/2/94) mec. TN eon cEAL T et 1 0GAN - SUNER XD FocAmOw . Ji
O |wzsa 4000, Etevs @ s 0F cxisTd PROPOSED DIKES, MOTES 8+ RLC EHL _ro/%E REVD. GEN. NOTES & DET#/ JOHN C. WEADOCK PLANT ASH FIELD EXTENSION
oare. =535 . .
C |71 RELOCATED WIDENED DRAIN ¢ £ EXIST DRAIN RLC. cl T A |557 | REU NOTE SECT A-A, REV. SECT £, ADDED GEN.NOTE 5 RLC. EH has/y AN RO AN o feez CONSUMERS POWER COMPANY POND
- I Pesael oy 7/
REVD GENNOTE“QE5, RELOCATED & BANK DIKE REVD 70 NEW OUTLET L OCATION - NOTEC- POINT B’ 3§ rrogEs S ‘AT oFrices oF JACKSON, MICHIGAN TG, BRAVING o HEET TRV,
{ COMMONWEALTH ASSOCIATES INC. 00/-5 ~0d/ o E
\ REV. | DATE DESCRIPTION BY_ APPROVED REV. | DATE ~ DESCRIPTION R BY. APPROVED Wi Z onre S/ 209 E. WASHINGTON AVE., JACKSON, MICH. /-506 M/95f G 690!
/L;LHDQXTO 9 8 7 6 Ve 5 FRINTS T o1 ]

A ] | T T 1
7 s A H - -  —




2 | 1

/u%&alao

325

1 . ;
0 S 8 7 6 5 4 3
BILL OF MATERIAL
MARK N0] QUAK, DESCRIPTION REQM.
@ ol (| SKIMIER AS5% (70 CONS/5T OF PART AUMBERS 20020
N A-0)
~z| 1| za"90°scH. 20 SR C.5 ELL _(ASTM A53 OR A/0G | 29027
GRADE B) WRAPPED W/TAPECOAT (TAPECOAT 20)
F 3| 80 | L FT 2976 SCH 20 CS. PPE (ASTI AS3 OR A6 [29021 |
GRADE B) WRAPPED W[TAPECOAT ( TAPECOAT Z0)
) 2o ) NOTE: | 2 | CARTONS @ TAPECOAT £0 ( PROVIDED BY CONTR)
- 1 ZONE | MATERIAL SHOWN I SECTION | IS A MINIAUM, 5| 2 |30"% GALY. Cark @ 9520 zo02/
o BOTTOM ASH ROAD THE SIDE SLOPES MAY BE FLATTER THAN THE 1 ON | o1 5 54 & APE Coliar - 90 0.0 25020
‘ 5900 ILGD - 5915 USCES. SHOWN DEPENDING ON AVAILABILITY: OF MATERIAL., 0,
v BUT CAMNOT BE STEEPER.
E
FABRICATOR MOTE :
I ZONE 1 SEEDING TO WATER LINE: sk COUSISTS OF AL MIATERIAL
EXCAVATION LIMITS OF. (200N ABOVE EF790°ELL MK #2 o
BORROW AREA™A’
— —_ _—— —— WATER L. 580.0° (VARIES)
— ; - “SORIGINAL GROUND LINE e
" ESTIMATED E£XCAVATIO AN 7 £ BOTT. DI
oM 5 z I DITCH ,
e CUTOFF mf/\/my\ __// ’ LZR9 Lo
(70 IMPERVIDUS CLAY) 1 o 2
SECTION /- SOUTH DIKE L o ]
SCALE: 1% =5"
E E
! /I_Q,——————-——! = ; 590.0' IGL.O ~59L5 USCES. ,
Tt \\
o
I=~80TTOM ASH ROAD SEEDING TO WATER LINE
AXIS OF DIKE / CRCO PROPERTY LINE
r ce REMOVE 7O WIDEN DITCH
\__/,_“ /
EXCAVATION LIMITS ZONE | ——e —
OF BORROW AREA'B’ CUTOFF TRENCH = e s80.0x (VARIES)
(70 mrervious crLas)™ v
— e — £L BOTT._DITCH 1
— — S R - e Al N 575074610~
— —_— - 575.5" US.C.6.5.
— ESTIMATED EXCAVATION LINE « ~~ /
1 \ Zz= i £ BANK EXIST:
1 Y, UNDERwé@ DRAIN
: 70’ & T
= AT
D SECTION C - EAST DIKE - S.£. CORNER 70 MEANDER LINE ’ % J D
| SCALE: 145" "
£o” ; 590.0' LEL.D.- 5915 LUSCES.
T v
v
P
CHCATRTION Linirs rof \___ REMOVE TO WIDEN DITCH 580. o’~v (wariES) a0 PROPERTY -
/ BORROW AREAR'B" e
| CUTOFF TRENCH L. BOTT DiTCH
(70 MPERVIOUS CLAY) ] E75.00 LGLD. = [P —
o —— . . 575.6' US.C.6.5.
_— RIEN
ESTIMATED EXCAVATION LINE N -
e - o LY
c - A R SECTION 3 - EAST DIKE FROM MEANDER LINE TO ME. CORNER ¢
] 2 2%9 TUNBER OCALE: 15"
g
7
o
N H o A 20"
) ﬂZx/pT/MBER / (7" SPACING) i 590.0! I.6.L.D. - 59L5 US.C.6:S.
. | } v
I v'\ g = N
| =z |1
° 9] =1
SKIMMER=SEE 1 /95— G 8
909 SH.3 DET %7 L U
A - -
— ZONE | — ZonE 3 RIPRAP
L 1046 [~ @ -
5% TMIBER POST [~ g 314, | 520 )
7/CONC. 1. 5803 I |TANS OF DIRE 580.0' L6L.D. - 5815 US.C.65. (RIES)
1 h 4
N £.579-0 | B N 1 =
3 | |
NS
GRADE; _/“ b i B
£ SCH. 20 5.R: &9 SCH.20 PIPE AN N\ orrGmAL GROUID LIVE GENERAL NOTES :
Sooris, O WoAPAED WiTH 7\ 1. T/DIKE 16L.0 590.0° - U.S.C.6.5. 5945
B g ’ T4 BOTTOM .OF DITCH 16.L.D. 575.0° -USC6GS ST
TAPECOAT L le | & T3 ESSENTIAL THAT. THE ZONE | INEERYIOUS B
QO SQ COMC- IATERIAL EXTEMDS INTO THE UNDERLYING CLAY
At SECTION F~MORTH DIKE. ANY ACCEPTABLE SAND FROM THE CUTOFF
SCALE /" a5 EXCAVATION MAY BE USED IN THE OUTER
: SHELL OF THE DAN AS SHOWN 6] SECTION 1,
. -
REE DNGS
MbO5-GwI0I-3H, I1£3
A
. A
GWO 8994
D 3|7447| DELETED NOTES RE PROPERTY LINE SECTS. 283 ~LC. | 2 GESTan AND DRAFTING GEAL) FREFARED UNDER e e GWNER AND LOCATION TITLE
| - ; e oare 2:8-7/ EH LOGAN F
C |7-7| rev'D SECT 2 ¢ sEcT 5 RL.C. Hi 7/5,/7/ JOHN C. WEADOCK PLANT ASH FIELD EXTENSION - POND -
B oo\ AnmEn masricAToR ROTE s 7 oaTs MICHIGAN PROFESSIONAL REGISTRATION No_/ZZ 72| . SECTIONS & DETAILS
: b Fesze /  meon omeEEi=z, PROFESSIONAL REGISTRATION NOL. CONSUMERS POWER COMPANY I
A_|smu] A0DED SkimaER £ PLATFORM, ALSO B.AA, RLC. EHe <oy [ COMMONWET ST E rES NG 1ACKSON, MICHIGAN TR RAWG o, S
e o | - o o et | e PE .. shi 209 & AN AEL  AGKRON, MicH. ) 00/-566-041 | #M/95-G6909 |.2 | D
9 8 7 6 5 Mersl T T T T T o [ S22 (01 n ] 7 ‘
°Z Ao S| 0] % [ 1 T [T || [ ]
l v N N R B -1 K727 i i [T a1 AT 0% I 1 1 I



X\Projects\BO10D9B5\ 1956089 ~24—REV-Adwg; 10/1/2008 1:47°33 PM; FITZGERALD, CARLIN

*
4
¥
{4

W
A\

E sd\a{m TN

- Cv{q

METAl_BOTIOM

—z] S
SBW=9 il

UNDERGROUND FIPES ‘Wﬁ L
)

|
00!
“ \‘ TYPE B CAP
v L

(SEE SHEET C—10)

WEADOCK COOLING
WATER DISCHARGE CHANNEL

% i

e

KARNASH:
DISPOSAL A

ELECTRIC” FISH A
BARRIER

4 . comBnER-FACITY
= 7 NPDES_DISCHARGE
g P

S\EATGEK ASH D
URFACE N
WATER DISCHARGE

CHANNEL 7 o™ e &

//:CT\LE IRON PIPES

GROULED AND AB/
3

SAGINAW BAY

CPT
SBW&
MW

B

[m]

SE

~

C

—or ¥
N

APPROX. EASTE\NE SECTION \,aW—REE

AFBROX. EAST LINE SECTION I, TI4N-RSE

£
T
o

APPROX, WEST LINE SECTION 6, TI4N-R6E

SOUTH  1441%4'

14N-RBE

ECTION'

=z
o
=
m

CPT BORING (BY STS)
GONVENTIONAL ROTARY BORINGS (BY STS)

MONITORING WELL (BY STS)

BORING (BY OTHERS)

PROPOSED CUTOFF WALL ALIGNMENT
TRANSMISSION TOWER

UTILITY POLE

OVERHEAD ELECTRIC UTILITY

TWO TYPES OF BENTONITE WERE USED
TO CONSTRUCT THE CUT OFF WALL.
HYDROGEL WAS USED AT 4% ADDITION
BY DRY WEIGHT FROM STA. 0+00 TO
112400. SW—101 WAS USED AT 4%
ADDITION BY DRY WEIGHT FROM STA.
112400 TO 126+86.95 (POE). BOTH
MIXES WERE TESTED TO HAVE A
PERMEABILITY OF 1x1077 CM/S OR LESS.

2.TYPE A CAP LOAD CAPACITY = 10 TONS
TYPE B CAP LOAD CAPACITY = 80 TONS
(SEE SHEET 11 FOR LOCATIONS.)

)
52

= SS,
g 10" STEEL PIPE
(FIRE POND DISCHARGE)

MATERIAL
STORAGE ' AREA

SECTION

e

1 S

+0

18

s
o

<4<
SO0UOFDE  1323.90(C)

APPROX. NORTH LINE SECTION 7, TI4N-RBE

STS | AECOM

3839 East Paris Ave.
Grand Rapids, MI 49512

616-940-3077

www.stsconsultants.com

Copyright 2007  ©
By: STS Consultants, Lid.

SOIL - BENTONITE CUTOFF WALL RECORD DRAWINGS
2008 PROPOSED ADDITIONAL BORINGS
CONSUMERS ENERGY CO.

D.E.KARN AND J.C. WEADOCK GENERATING FACILITIES
ESSEXVILLE, MICHIGAN

Issued

Rev Date

Description

ISSUED  04/27/2008
RECORD

Designed: _CF _ 10/03/2007
Drawn: _ DAS 01/22/2009
Checked: CF__01/22/2009

Approved: AT

01/22/2008

oA

[l 04/27/2009 ISSUED FOR RECORD

PROJECT NUMBER

200703855

SHEET REFERENCE NUMBER

C-02

Figure 6



18 11:32:16 1991 LOCAL A:\TLS11.PRF

/BOTTOM ASH
/ POND-—-—‘/ —

TI(BOTTOM ASH TRANSPORT
WATER DITCH)

SAGINAW BAY
¥ NOMINAL WATER LEVEL
680.7" (1)

 SOLID WASTE BOUNDARY

7.

T2 (FLY ASH TRANSPORT DITCH)

NOTE:

THIS DRAWING DEPICTS THE CONCEPTUAL
DEVELOPMENT OF THE SITE AS DESCRIBED

IN DIVISION II, ASH PLACEMENT. ACTUAL
HORIZONTAL AND VERTICAL DIMENSIONS oF

SURFACE FEATURES WILL APPROXIMATE THOSE

INDICATED, DEPENDENT ON OPERATIONAL
CONDITIONS AND RECYCLING OPPORTUNITIES.

ALL ELEVATIONS SHOWN ON THIS
DRAWING ARE TO U,S.G.S. DATUM,
TG CONVERT TOQ U.S.L.S.ELEVATION
ADD 8.39°, T0_CONVERT TO

1.G.L.D. ELEVATION SUBTRACT 1.45".

|
1
I
i
e BN B S
]
1
1
1
1
1
i
1
i
AREA P3 IS FILLED 1
WITH CONDITIONED ol
ASH IN PHASE Iv H
I
|
1
1y D
1
1
1
+
1
1
1
1
i
VALLEY IN PHASE III 1
IS FILLED WITH 1
CONDITIONED ASH !
PHASE IV ;
|
g
il
1
1
1
i
1
1
i
i
1
B
<h
1
I
1
|
1
1
1
i
1
i
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
I
1
i
1
1
1
1
1
)1
________ e LA
T4 (TRANSPORT DITCH)
NOTE:
SECTIONS A-A, B-B, AND C-C ARE THE
SAME AS SHOWN FOR "END OF ULTIMATE BERM DEVELOPMENT
(HYDRAULICALLY TRANSPORTED ASH) PHASE III*
12 ISSUED FOR PERMIT APPLICATION
2 | 23, . (SOLID WASTE MANAGEMENT ACT 64D TS °
Wi
REV | DATE ‘ DESCRIPTION _:TE? BY CK | apPP
JACKSON, MICHIGAN
PREVIOUS RECORD [SSUE
1 END OF ULTIMATE BERM DEVELOPMENT
(CONDITIONED ASH)
MICHIGAN P.E. No.
PHASE IV 0695LASH.RLO
UFI No. LOC | BASE | SHEET | REV.
2195 | G-6909 211 g

WEADOCK PLANT
PRINT ROOW COPY

Figure 7



T CoNSUMERS Ls;xx;C.E\ Cou\? RO

o MorTe Cuee Yt SIONE PROTECTION === PR

: R e RANDiruesenN 4160_/3 scaie As NeorTes DRAWING NO. SHEET REV.
V.| DATE e DESCRIPTION BY | APP. [REV. DATE [ pescriprion By | arefl m 4/3 ; BB-0OD |\ M9 709 »
£

PR ST A TR
Beobing MATEGRIRL, =

TEEOurAIC o

SR
C\.c\\—\

VEERC T e RmOATION  S% F‘-m:?..

.'Uss DA \A/&\g\-n's
TUAS Ton Brenes

See Deail o=
TWRIEA Ul LERINSINT 6 F'mn_w. Cmm

g‘,So’—ie‘ééC\m:—.' o St

“Minimun. Size Srone
On Cornirs  100O#

1

Sez TerMNATION. DeEvAIL "

|
{

Ty Once

NOBTE DH(E PONGS E"

T SER EeTAy

ToE Srone

Euisming. Lm«: e
BGTTQM e S

 SECTION E-E

f 2! e

Es(mvug R
By, 59 ks )

127

Mind,

7
/(Ex\ﬁ (L 8&%\?\'1% Nses

Bacxsisre Rasnway 7

MiKstmung

Bﬁnamg Mls'r\.

sersTene @ Blgy, 590

— Duoeraver (Rectawa From
Evsninay Srone).

Ene  CoNsTROCT o -

~EEXeteren WS
T DUMMER T3

BT IS
Borvak

=Y =W END oF Filter CrLoTh

o~

1

TR

UNSERCANER

=T Firen s

“BeodiNg NAATERINC

ErAmASRAE ST

COFLL Ny
Onoeraver. Stowe

Ouseraver Srowe e

G G T SRS
Prswkic MRFERIRES

Flrea . Siovm — |

~LAP DETAIL FOR FILTER CLOTH

Figure 8

TUOHNCT NYENDOCHK pLAt\JT’

Fud 01 y o

(ocokl N7




igure 9

F

o

.

.

o

o

.

-
.
%

.
_

_
.

.

%.
.

-
e

-

.
.
L

.

.
O

7

.

.



Perimeter Dike

w
Intake Channel

NOTE: Historic 04/16/1959 aerial photograph provided by client.

Drawn : CJD 09/02/2009

HISTORIC AERIAL PHOTOGRAPH - 1959 Checked:  MFP 09,/02/2009
ASH DIKE RISK ASSESSMENT Approved:  JSM

AECOM CONSUMERS ENERGY COMPANY —

D.E. KARN GENERATING FACILITY weer 00100985
ESSEXVILLE, MICHIGAN

X:\PROJECTS\60101367\G60101367—004.dwg; 9/2/2009 3:13:18 PM; DOYLE, CONAN; STS.stb

FIGURE
NUMBER H_. O




X:\PROJECTS\60101367\G60101367—005.dwg; 9/2/2009 3:15:18 PM; DOYLE, CONAN; STS.stb

v ._
NOTE: Historic 1963 aerial photograph provide

»

Breakwater Dike

U_mo:m_@m_.oomzo:w?

d

by client.

AECOM

HISTORIC AERIAL PHOTOGRAPH - 1963
ASH DIKE RISK ASSESSMENT
CONSUMERS ENERGY COMPANY
D.E. KARN GENERATING FACILITY

ESSEXVILLE, MICHIGAN

Drawn : CJD 09/01/2009

Checked: MFP 09/01/2009

Approved:  JSM

woweee 60100985

FIGURE
NUMBER H_- H_-




¢
; AECOM
l
| | Rinconning
4
www.aecom.com
[—4 S a g in aw B a y Copyright ©2009 By: AECOM
0
< ‘ Lake Huron
¢ /
) 13 )
_Coleman
Sebewaing
D E Karn and > —
y J C Weadock ]
a ‘ Facilities <ZE =
. > O =L <ZE
Midland O O !
o O
‘ Essexville O U O I
20 m > O O
Auburn (D Q=
13 (D e < 2
y N zz=u
15
- %goﬁ
Legend ” = 4 Y Y — >
Ereeland ¢ 84 24 (N a) X
=== Primary Limited Access or Interstate Caro |_ Lu Z LIJ
— Primary US or State Highway P 7 < 2 < (D
Secondary State and County Highway ndl %7 Zilwaukee :) :) (L{J)
Local or rual road : Carroliton RobinlGlen-Indigntown a1 O N =2
_ hip North Reese Z
——— Railroads O <
Rivers !
Lakes l Buena Vst O
; DSt 46
Quaternary Geology Hemlock Sagr']ﬁ"’l‘(‘j""TOW”Sh'p South LI
ields -
- Coarse-textured glacial till Saginaw D
- Dune sand - Vasear
& 2
- End moraines of coarse-textured till Bridgeport
[ | End moraines of fine-textured till = . A\ 15
|:| End moraines of medium-textured till v ) pe Mayville
[ | Exposed bedrock surfaces 13 Frankenmuth
I Fine-textured glacial til A 83 S/
- Glacial outwash sand and gravel and postglacial alluvium 7 3 Drawn: JWW  7/29/2009
- >
|:| Ice-contact outwash sand and gravel StaCharles Approved:  MDC 7/29/2009
- Lacustrine clay and silt A scale: AS SHOWN
- Lacustrine sand and gravel 5 10
b 5 PROJECT
[ | Medium-textured glacial till fl X BirchIRuN wmeer 60100985
|:| Water =
Data Source(s): Michigan Center for Geographic Informaiton, Michigan Natural Features Inventory Miles NUMBER 12




G:\02dept03\Jordan\CONSUMERS_ENERGY\dwg\ G200802708—-003.dwg; 6/22/2009 1:54:14 PM; JORDAN, LARRY; STS.stb

/ APPROXIMATE BOUNDARY BETWEEN
/ GEOLOGIC DEPOSITS

MISCELLANEOUS FILL OVERLAYING
LAKE MICHIGAN ALLUVIUM OVERLAYING
CLAYEY GLACIAL TILL

SLURRY WALL ALIGNMENT
_10\ f
(2’121 CPT22
2 g

. SB23

CPT-3 CPT—4

MISCELLANEOUS FILL OVERLAYING 7 e
SAGINAW RIVER ALLUVIUM OVERLAYING fW=108 cPT-56
CLAYEY GLACIAL TILL pa-
BopT23
sBW-29
B-44f8
CAT=6:D
WW—16R
'SBW24
CPT-7|
1Y ] :ie- 24
CRTCE\ dalg 3
Pl=g| SEW=3
< >
WK
\
K
—J K
K
SB502
4 K
K
B-15

NOTE: Base map information from STS January, 2008
Geotechnical Evaluation Report.

0 1600’
1” = 1600’
GE_1B
053510
LEGEND
sB& PHASE Il GEOTECHNICAL EVALUATION SOIL
BORING (BY STS)
cPT CPT BORING (PERFORMED DURING PREVIOUS
EVALUATIONS BY STS)
SBW&p CONVENTIONAL ROTARY BORINGS (PERFORMED
DURING PREVIOUS EVALUATIONS BY STS)
M- MONITORING WELL (BY STS)

sBH- BORING (BY OTHERS)
PROPOSED CUTOFF WALL ALIGNMENT

i
[

847.279.2500

www.aecom.com
Copyright  ©) 2009, By: AECOM

OVER ALL SITE PLAN
KARN ASH LANDFILL SLURRY WALL
FEASIBILITY STUDY
CONSUMERS ENERGY COMPANY
D.E. KARN AND J.C. WEADOCK GENERATING FACILITIES
ESSEXVILLE, MICHIGAN

Drawn : LDJ 06/18/2009

Checked: MFP 06/18/2009

Approved:

PROJECT
NUMBER

NovBER 13




X:\Projects\200703855\DATA_QUTBOX\ISSUED FOR RECORD WEADOCK AS—BUILTS\CED RECORD FORMAT DRAWINGS\195-6069-25-REV-Adwg: 4/28/2009 9:17:32 AM; FITZGERALD, CARLIN

ELEVATION - IN FEET USGS DATUM

5

VPERSONNEL BARRIER

o
FISH BARRIER \O\
o

o
TYFE B CAP — OPTIONL1 UNDERGROUND ELECTRIC

o
COl

O

o

_ smwWr

OUTLET CHANNEL

5 S
NDUIT
- 5B
= I—) -

DUCTILE IRON PIPES
GROUTED AND ABANDONED

e s - S
8 _ﬂ
s
I 3
3
&
== - e __
STA. 0+00 (POB) e 3 = 3
FLY ASH POND DISCHARGE WEIR
= 591
/ &
g NS g F
/ IS
\ / N
O
- R §
~_ N
N
N N
& S \
S
/ / o~ £ S .'/
CUTOFF WALL PLAN
STA. 0+00 (POB) THROUGH STA. 17+00
- « v - s e s
605 |—Zgr o2 - ol " < 005
3 o5 S= s ®3 88
B I g 3 - 3.
TE e L3 3+ 2 g
zf z£ FL- 2 14 zE
600 7] 3 od L hs 7t} 600
W @ i N
- ¢ ¥ 5 S
- o
- 2 o~ -
5512k < o ~ S APPROXIMATE | AS—BUILT GROUND SURFACE PROFILE & 595
» O ’s Q = = i
= a a o
B S 3] 5]
590 590
I‘ ELECTRICAL_CONDUITS
585 APPROXIMATE LOCATION. 585
UNDETERMINED DEPTH
AND DIA.
580 580
2 DUCTILE IRON PIPES
APPROXIMATE LOCATION
PIPES WERE GROUTED
AND ABANDONED
575 575
TOP OF KEY
570 570
EOB
———EOB 3" MIN.
565 565
EOB EOB EOB
BASE OF WALL
@
560 = 560
Zz
=
]
Q °
EOB @ g
555 o = 555
<] b
& w
550 = Z|550
< z
S 2
=
13 s
0+00 1400 2+00 3+00 4+00 5+00 6+00 7+00 8+00 9+00 10+00 11+00 12+00 13+00 14+00 15+00 16+00 17+00
_LEGEND CUTOFF WALL PROFILE
Clay T OH———— OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) S7A 0700 (POB) THROUGH STA. 77500 NOTES:
ALLUVAL cPTd CPT BORING (BY STS) [ WOODEN UTILITY POLE LOCATION 0 50" 1. BORINGS PROJECTED IN PROFILE AND NOT
— NECESSARILY ON WALL ALIGNMENT.
CLAYEY SOILS SBW& CONVENTIONAL ROTARY BORINGS (BY STS) E TRANSMISSION TOWER  LOCATION 1" = 60° 2. ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET.
SANDY SOILS i MONITORING WELL (BY STS) SOIL— BENTONITE CUTOFF WALL 3.;&?@?22:6%02%5 INC. FROM AERIAL PHOTOGRAPHY
ORGANIC B BORING (BY OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES.
AL solL / " OVERHEAD ELECTRICAL LINE SURVEY LINE IS LOWEST OF GROUP.
BOTTOM ASH (CROSSING WORK AREA) LOCATION 04/27/2009 ISSUED FOR RECORD

STS ‘ AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, M. 49512

616-940-3077

www.stsconsultants.com

Copyright 2007 ©
By: STS Consultants, Ltd.

SOIL - BENTONITE CUTOFF WALL - RECORD DRAWINGS
CONSUMERS ENERGY COMPANY
D.E. KARN AND J.C. WEADOCK GENERATING FACILITIES
ESSEXVILLE, MICHIGAN

WEADOCK FLY ASH DISPOSAL AREA - STA. 0+00 (POB) - STA.17+00

Issued

Rev Date

Description

ISSUED  04/27/2008
RECORD

Designed: CF10/03/2007
Drawn:  DAS 01/22/2009
Checked: CF _01/22/2009
Approved: JAT 01/26/2008

PROJECT NUMBER
200703855

SHEET REFERENCE NUMBER

C-03

Consumers Energy P

e 14


fitzgeraldc
Text Box


X:\Projects\ 200703855\ DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS—-BUILTS\CED RECORD FORMAT DRAWINGS\195-6069—26-REV-Adwg; 4/28/2009 9:19:12 AM; FITZGERALD, CARLIN

ELEVATION - IN FEET USGS DATUM

POND F

SAGINAW BAY

CUTOFF WALL PLAN

STA. 17+00 THROUGH STA. 35+00

8 - « °
60 2 220 =15 e = 05
34 AR e R
—L & G R} [Az 36
2l 2l 2l 2 b 2
600 23] heshd ) 173 5% UTILITY NOTE: 600
o ® 'q i BETWEEN STA. 17+39 AND STA. 3150,
3 2 o ~ UTILTY LNE RUNS PARALLEL TO WALL.
© & CLEARANCES SHOWN WHERE MINIMUM
e APPROXIMATE AS—BUILT GROUND
s o3 ! AR OXIMATE 25 Q DISTANCE FROM UTILITY WIRE TO GROUND. s
2 B R < =
5] = & & 2
o & o 2}
590 590
585 585
580 580
EOB
575 575
/TOF’ OF KEY
570 570
3'MIN. EOB
EOB EOB }*
565| \ 565
BASE OF WALL EOB
560 560
° °
8 8
3 T
555/ = 31555
s s
12} 12}

w w
550 2 Z(550
=] =]

I I
8 5
< <
s s
17400 18+00 19+00 20+00 21400 22+00 23+00 24+00 25+00 26+00 27+00 29+00 31400 33+00 34+00 35+00

LEGEND CUTOFF WALL PROFILE

LAY TIL oH OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) B NOTES:

AL cPT CPT BORING (BY STS) @ WOODEN UTILITY POLE LOCATION Y o T EORINGS PROJECTED IN PROFILE AND NOT
NECESSARILY ON WALL ALIGNMENT.

TRANSMISSION TOWER LOGATION e

CLAYEY SOILS SBWE CONVENTIONAL ROTARY BORINGS (BY STS) & = 60’ 2. ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET.

SANDY SOILS i MONITORING WELL (8Y STS) SOIL— BENTONITE CUTOFF WALL 3. TOPOGRAPHY BY ROWE INC. FROM AERIAL PHOTOGRAPHY
FLOWN 04/16/2007.

ORGANIC st BORING (BY OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES.

FILL SOIL / ® OVERHEAD ELECTRICAL LINE SURVEY LINE IS LOWEST OF GROUP.

L soL (CROSSING WORK AREA) LOCATION

04/27/2009 ISSUED FOR RECORD

STS ‘ AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, M. 49512

616-940-3077

www.stsconsultants.com

Copyright 2007  ©
By: STS Consultants, Lid.

SOIL - BENTONITE CUTOFF WALL - RECORD DRAWINGS
CONSUMERS ENERGY COMPANY
D.E. KARN AND J.C. WEADOCK GENERATING FACILITIES
ESSEXVILLE, MICHIGAN

WEADOCK FLY ASH DISPOSAL AREA - STA. 17+00 THROUGH STA.35+00

Issued

Rev Dote
Description
ISSUED _04/27/2009
FOR_RECORD

Designed: CF _10/03/2007
Drawn: _ DAS 01/22/2009
Checked: CF__01/22/2009
Approved: JAT 01/26/2009

PROJECT NUMBER

200703855

SHEET REFERENCE NUMBER

C-04

Consumers Ener@

Figure 15




X:\Projects\200703855\DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS—BUILTS\CED RECORD FORMAT DRAWINGS\195-6069-27—REV-A.dwg; 4/28/2009 9:20:01 AM; FITZGERALD, CARLIN

ELEVATION - IN FEET USGS DATUM

STS ' AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, MI. 49512

616-940-3077

www.stsconsultants.com

— N - P m— ST — == =
&0 —_— e e g 58
585 — 585— Copyright 2007 ©
20 MW=15— 1oz == 5ar By: STS Consultants, Ltd.
5t o= :
ran 5
e T —1
CPT-5 = AL
/ T T 3 — T 585 I~
=N\ — - =— = - s 585
o
S
I
™
B
<C
o B (7]
oY% w
POND F Z T [
=% 2
<<
X O <
[aj4 L
nIx>o
4 - Z2 =z
O8S&KE
0% L<z
CUTOFF WALL PLAN w v % X <
STA. 35+00 THROUGH STA. 53+00 x ™ w O
F <Oz T
= > ws
J 0 00 =
« « « . s o
605 &= G v o6 P me 805 <§( CE¥% S
= ¥ i el LZz8u
8 % 8 2% Ig b off of w s o
A A " £ & - 4.8 w a2
s g g &t =2 gk e =
500 S S & @S b 7S 9o 4 600 ox<wn <SS
E X wX
D g W =W
- APPROXIMATE AS—BUILT GROUND 1 OCwsS-"w
3 SURFACE PROFILE © 3 OSuvw
595 5 pe 2 9 595 w T W
0 z @ I o s = o S
N s qQ B 9] o =
o Ja @ 7] = 0w =z fa)
o o » < =5
S o [e =] o zZ
590 590 = T <
a2 z
ol
SRR
585 585 — x
= -
O x w
”w O [a)]
580 580 o
o
<
© w
! 575 TOP OF KEY EOB 575 =
/ EOB
570 oy - £OB 570
EOB
965 EOB BASE OF WALL 565
Issued
Rev  Date
Description
560 560 ISSUED _04/27/2009
FOR_RECORD
s o
¢ EOB 9
55518 3555
P g
(%) (%]
w w
550| 2 Z (550
z z
[} [} ——
’Z '2 Designed: CF  10/03/2007
< = Drawn: DAS  01/22/2009
35+00 36+00 37+00 38+00 39+00 40+00 41400 42+00 43+00 44+00 45+00 46+00 47+00 48+00 49+00 50+00 51+00 52+00 53+00 Cheoked: _CF_01/22/2009
Approved: JAT 01/26/2009
LEGEND
CLAY TILL E—— oH OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) CUTOFF WALL PROFILE NOTES: PROJECT NUMBER
STA. 35+00 THROUGH STA. 53+00
cPTE CPT BORING (BY STS) %] WOODEN UTILITY POLE LOCATION 0 50° 1. BORINGS PROJECTED IN PROFILE AND NOT 200703855
ALLUVIAL NECESSARILY ON WALL ALIGNMENT. _
CLAYEY SOILS SBWG CONVENTIONAL ROTARY BORINGS (BY STS) X TRANSMISSION TOWER LOCATION 2.ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET. SHEET REFERENCE NUMBER
SANDY SOILS SOIL— BENTONITE CUTOFF WALL 3. TOPOGRAPHY BY ROWE INC. FROM AERIAL PHOTOGRAPHY
M- MONITORING WELL (BY STS) FoON b 167200
ORGANIC B BORING (BY OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES. -
AL solL / Py OVERHEAD ELECTRICAL LINE SURVEY LINE IS LOWEST OF GROUP.
¢ ROSSING WORK AREA) LOGATION
BOTIOM ASH (crossiNG ) Loa 04/27/2009 ISSUED FOR RECORD

Consumers Enerqy

Figure 16




X:\Projects\200703855\DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS-BUILTS\CED RECORD FORMAT DRAWINGS\195-6069-28—REV-A.dwg; 4/28/2009 9:20:40 AM; FITZGERALD, CARLIN

I 575

ELEVATION - IN FEET USGS DATUM

CUTOFF WALL PLAN
STA. 53+00 THROUGH STA. 69+00 Py
3 o o _a A d
605 2y S S+ 2 2 605
35 83 5o Tu 3
?’E i B 3 S
600 600
in
&
8
APPROXIMATE AS—BUILT GROUND SURFACE PROFILE | o 2 >
595 s 3 BB 2 595
~ i » G S
o o
5] o
590 590
585 585
580 580
TOP OF KEY \ 575
EOB k«s MIN. EQR
570 570
EOB ‘/
BASE OF WALL £OB
565 565
560 560
= EOB S
8 8
3 3| 555
55515 EOB <
S P
(%] (%)
w w
5501 Z Z| 550
=1 5
I I
(8] O
E E
< <
= =
53+00 54+00 55+00 56+00 57+00 58+00 59+00 60+00 61+00 62+00 63+00 64+00 65+00 66+00 67+00 68+00 69+00
LEGEND CUTOFF WALL PROFILE
LAY TILL - OH OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) STA. 53+00 THROUGH STA. 69+00 NOTES:
cPT CPT BORING (BY STS) WOODEN UTILITY POLE LOCATION g 1. BORINGS PROJECTED IN PROFILE AND NOT
ALLUVIAL NECESSARILY ON WALL ALIGNMENT.
CLAYEY SOILS SBWG CONVENTIONAL ROTARY BORINGS (BY STS) E TRANSMISSION TOWER LOCATION 2. ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET.
SANDY SOILS SOIL— BENTONITE CUTOFF WALL 3. TOPOGRAPHY BY ROWE INC. FROM AERIAL PHOTOGRAPHY
% 3 MONITORING WELL (BY STS) FLOWN 0471673007,
ORGANIC B BORING (BY OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES.
FILL SolL / ¢ OVERHEAD ELECTRICAL LINE SURVEY LINE IS LOWEST OF GROUP.
¢ CROSSING WORK AREA) LOCATION
BOTIOM ASH ¢ ) 04/27/2009 ISSUED FOR RECORD

STS ‘ AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, MI. 49512

616-940-3077

www.stsconsultants.com

Copyright 2007  ©
By: STS Consultants, Ltd.

CONSUMERS ENERGY COMPANY
ESSEXVILLE, MICHIGAN

SOIL - BENTONITE CUTOFF WALL - RECORD DRAWINGS
D.E. KARN AND J.C. WEADOCK GENERATING FACILITIES

WEADOCK FLY ASH DISPOSAL AREA - STA. 53+00 THROUGH STA. 69+00

Issued

Rev Dote
Description
ISSUED  04/27/2008
FOR_RECORD

Designed: _CF _ 10/03/2007
Drawn: _ DAS 01/22/2009
Checked: CF_01/22/2009
Approved: JAT 01/26/2009

PROJECT NUMBER
200703855

SHEET REFERENCE NUMBER

C-06

Consumers Enerqy

Figure 17




X:\Projects\200703855\DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS—BUILTS\CED RECORD FORMAT DRAWINGS\195-6069—20-REV—A.dwg; 4/28/2000 9:26:20 AM; FITZGERALD, CARLIN

ELEVATION - IN FEET USGS DATUM

e

TYPE B CAP_— OPTION 2
(TWO- PANELS)

)
I T T T : "
. * 5 cgrzs
=59
= —59¢
/// — o —
S
2
[
CUTOFF WALL PLAN
@ STA. 69+00 THROUGH STA. 87+00 - -
s . « . . s =g
605 5z 3o = 2 S s 605
ae 25 B om s3 EE]
3 o 2 3o 83 g3
N ~h RE ﬂg ot B
gk S £ i et 2t
600 . o oo © T s 0s 600
— ) R
] o~ 2 N
= ©
z & APPROXIMATE AS—BUILT GROUND SURFACE PROFILE
595 2 = 'S_’ 3 595
[$) 8 o % ©
@ I
- &
590 = 590
585 585
TOP OF KEY
580 580
© OB P}’M\Nv
I 575 575
///( | EOB
570 BASE OF WALL 570
EOB
EOB
565 565
560 560
= =
< ?
555|3 5555
< <
= =
12 [%]

w w
550(Z Z|550
S b
T I
o 5
< <
= =
69+00 70+00 71+00 72+00 73+00 74+00 75+00 76+00 77+00 78+00 79+00 80+00 81+00 82+00 83+00 84+00 85+00 86+00 87+00

LEGEND CUTOFF WALL PROFILE
CLAY TILL EE— OH———— OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) STA. 59*000 THROUGH SéTA, 87+00 NOTES:
ALLUVIAL oPTé) CPT BORNG (BY ST5) @ WOODEN UTILITY POLE LOCATION ™ | 1. BORINGS PROJECTED IN PROFILE AND NOT
e NECESSARILY ON WALL ALIGNMENT.
CLAYEY SOILS sBwg CONVENTIONAL ROTARY BORINGS (BY STS) X TRANSMISSION TOWER  LOCATION =60 2. ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET.
SANDY SOILS rors MONITORING WELL (BY STS) SOIL— BENTONITE CUTOFF WALL 3. TOPOGRAPHY BY ROWE INC. FROM AERIAL PHOTOGRAPHY
FLOWN 04/16,/2007.
ORGANIC B BORING (8Y OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES.
AL SO / ® (OC\/REORQSE‘Q% Ev%g&R\/Sé\EA;HEgCAﬂON SURVEY LINE IS LOWEST OF GROUP.
BOTTOM ASH 04/27/2009 ISSUED FOR RECORD

STS | AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, MI. 49512

616-940-3077

www.stsconsultants.com

Copyright 2007  ©
By: STS Consultants, Ltd.

o

S

F

~

©
wE o
O n w
Z T =
0 2
<32 O
o 8 D¢
(=] T w
Q - E V]
X o g Z
O oS na k=
OxXs<gZ
[T oc <
o < w o
<Oz F
= > wa
Jn 0 0 =
L VX v =
S 0oy
TR E O 4
T4 [a gy~
OC<uw <>
WX
g WU=wWw
Oy =".0
wo2o0w
Fao S Ww
EL 2
Zz X2 o [a)]
o 0 o Z
E T <
g0 =z
b =
. o> g

- X
= -
O v« w
n o [a)]

o

[a]

<<

Ll

=

Issued
Rev  Dote
Description
ISSUED  04/27,/2008
FoR_RECORD
Designed: CF  10/03/2007
Drawn DAS 01/22,/2009
Checked:  CF  01/22,/2003
Approved: JAT 01/26,/2003

PROJECT NUMBER

200703855

SHEET REFERENCE NUMBER

C-07

Consumers Ener@

Figure 18




N7
R oo}
\\\ T //ﬂ\ﬂiﬂﬂ ,S <

/,
&

STS ‘ AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, MI. 49512

616-940-3077

www.stsconsultants.com

Copyright 2007  ©
By: STS Consultants, Ltd

\ \ %
i \ ®\\®) \‘w’%

(D\\(b \ ‘\X\x\
\ \ - \ /wg@uo c&w\}wgs ) 71\
\\\\ i\\\ o o i/\\" — "\\V s <
3 \ ‘
\ s
\ P11 —

”\‘\”’*(B‘QH o @

| 8

ELEVATION - IN FEET USGS DATUM

X:\Projects\200703855\DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS-BUILTS\CED RECORD FORMAT DRAWINGS\195-6069—30-REV-A.dwg; 4/28/2009 9:29:14 AM; FITZGERALD, CARLIN

o
o
I
Yo}
o
-
SBIP |\ 8 |<_( 8
& z =
ES —_ I —_—
\ -
\\ =0 =
\ < D Q
\ X O <
\ [l w
\ \ AIzZO0O
\ ) =
\ £ x Z e
[o=2rn
o prd
DfZe <
— ~ O
e X o oW o
CUTOFF WALL PLAN e E T
STA. 87+00 THROUGH STA. 105+00 =4 E (>5 o @)
s s o . T° 3 e & e e §: - 3 0? g oS
g3 X 5= & = < 2o
g g 5 g Ly 5o
44 Zf 34 34 oo [
600 & hs S s 600 9 < % < S
£ a) my e in 5 o S5208%
o ¢ Q & & 3 2 8 O % s = o
>0 ®
595 APPROXIMATE AS—BUILT GROUND SURFACE PROFILE N 59% ||'|_J 8 »n S w
) - o =
: 5 3 5 2259
) © o » O O z
590 2 590 E T <
mwae Z
o< T
o>
585 585 N4 ¥
™ .
5L u
(%] O [m)]
580 580 o
[a]
<
w
575 /—Top OF KEY 575 <
570 EcB 570
EOB
BASE OF WALL
565 565
Issued
EOB Rev Date
Description
560 560 ISSUED _ 04/27/2009
EOB FOR_RECORD
°
s 8
=3 T
T &
555| % 2555
g s
[%2] (%)
w w
550( = z|550
=] S
I I
o o _
'2 2 Designed: CF  10/03/2007
= s Drawn: __0AS_01/22/2009
87+00 88+00 89+00 90+00 91+00 92+00 93+00 94+00 95+00 96+00 97+00 98+00 99+00 100+00 101+00 102+00 103+00 104+00 105+00 Cheoked: _CF_01/22/2009
Approved: JAT 01/26/2009
LEGEND CUTOFF WALL PROFILE
CLAY TILL — OH OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) STA. 87+08THROUGH sggyos*uo NOTES: PROJECT NUMBER
cPT CPT BORING (BY STS) %] WOODEN UTILITY POLE LOCATION [ 1. BORINGS PROJECTED IN PROFILE AND NOT 200703855
ALLUVIAL - - NECESSARILY ON WALL ALIGNMENT. _—
CLAYEY SOILS sBWé CONVENTIONAL ROTARY BORINGS (BY STS) E TRANSMISSION TOWER LOCATION 1" =80 2. ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET. SHEET REFERENCE NUMBER
SANDY SOILS SOIL— BENTONITE CUTOFF WALL 3. TOPOGRAPHY BY ROWE INC. FROM AERIAL PHOTOGRAPHY
MW MONITORING WELL (BY STS) FONN 02y 18/200.
ORGANIC ER:: BORING (BY OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES. -08
FILL soiL / 9 OVERHEAD ELECTRICAL LINE SURVEY LINE IS LOWEST OF GROUP.
BoTTOM AdH (CROSSING WORK ARER) LOCATION 04/27/2009 ISSUED FOR RECORD

Consumers Ener@

Figure 19




X:\Projects\ 200703855\ DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS-BUILTS\CED RECORD FORMAT DRAWINGS\195-6069-31-REV-Adwg; 4/28/2009 9:32:35 AM; FITZGERALD, CARLIN

CLAY TILL

ALLUVIAL
CLAYEY SOILS

SANDY SOILS

ORGANIC

FILL soiL /
BOTTOM ASH

LEGEND

CPT BORING (BY STS)

CONVENTIONAL ROTARY BORINGS (BY STS)

MONITORING WELL (BY STS)

BORING (BY OTHERS)
VERHEAD ELECTRICAL LINE

0
(CROSSING WORK AREA) LOCATION

60"
60’
CUTOFF WALL PLAN
STA. 105+00 THROUGH STA. 113+00
ne -
605 CEY N 605
i= is
S e
gk ZE
600 ko b5 600
N
M APPROXIMATE AS—BUILT GROUND SURFACE
595 595
o o @
= s -
5 35
590 1590
O
s 585 Z 585
pu}
= 10" STEEL PIPE WITH
é BLACK TAR PIPE WRAP
(92}
A3 580 580
(210
Blw
E ©
w 7 575
z T
To
Z
o 570 EOB 570
=
<
>
w
—
w 565 565
560 EOB 560
S s
8 8
5 &
555/ 2 (555
£ <
o 3
w w
550/ 2 Z|550
= =1
2 5
= E
173
S ]
105+00 108+00 109+00 113+00

OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES)

WOODEN UTILITY POLE LOCATION
TRANSMISSION TOWER LOCATION
SOIL— BENTONITE CUTOFF WALL

CUTOFF WALL PROFILE

STA. 105+00 THROUGH STA. 113+00

17 = 60’

STS l AECOM

3839 East Paris Ave. Suite 301
Grand Rapids, M. 49512

616-940-3077

www.stsconsultants.com

Copyright 2007  ©
By: STS Consultants, Ltd.

CONSUMERS ENERGY COMPANY
ESSEXVILLE, MICHIGAN

SOIL - BENTONITE CUTOFF WALL - RECORD DRAWINGS
D.E. KARN AND J.C. WEADOCK GENERATING FACILITIES

WEADOCK FLY ASH DISPOSAL AREA - STA. 105+00 THROUGH STA. 113+00

Issued

Rev Dote
Description
ISSUED

FOR_RECORD 04/27/2009

Designed: CF _10/03/2007
Drawn: _ DAS 01/22/2009
Checked: CF__01/22/2009
Approved: JAT 01/26/2009

NOTES: PROJEGT NUMBER
1. BORINGS PROJECTED IN PROFILE AND NOT 200703855
NECESSARILY ON WALL ALIGNMENT. _
2. ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET. SHEET REFERENCE NUMBER
3. TOPOGRAPHY BY ROWE INC. FROM AERIAL PHOTOGRAPHY
FLOWN 04/16,/2007. C 09
4.IN CASE OF MULTIPLE OVERHEAD LINES. -

SURVEY LINE IS LOWEST OF GROUP.
04/27/2009 ISSUED FOR RECORD

Consumers Ener@

Figure 20




X:\Projects\200703855\DATA_OUTBOX\ISSUED FOR RECORD WEADOCK AS—BUILTS\CED RECORD FORMAT DRAWINGS\195-6069-32-REV-Adwa; 4/28/2009 9:33:29 AM; FITZGERALD, CARLIN

CLAY TILL

ALLUVIAL
CLAYEY SOILS

SANDY SOILS

ORGANIC

FILL solL /
BOTTOM ASH

-y 0
g n |
OB BW! [}
1 e L
I
I 1
1 ~
L B o - STS | AECOM
| 1y o
1 R e
| 2 ! ™
[ 1" = 60
N ‘ o } | l 3839 East Paris Ave. Suite 301
, ‘ & S | Grand Rapids, MI. 49512
. i
| | 616-940-3077
[}
i ‘ \ www stsconsultants.com
|
I
N ‘ | Copyright 2007 ©
‘ v' ‘\ By: STS Consultants, Ltd
1 |
‘ —
Ll
[ o
p. UNDERGROMNDPIPES a
Yo}
n‘* Thi 8 ¢ap — oPTIO @
‘ > ©
iy \ o+o
S ©
S o Q )
METAL FLY ) N 2 1]
ASpl/ PIPE: % WETAL_BOTTOM Z < =
: — =G 3
TYPE B CAP_— QPTION-2 &H é &)
— T (wg s ) — gr g
He B) car § okmoy. 2 CDD BN
(THREE -PRNELS)
— T 9320
[h'd =
CUTOFF WALL PLAN 8 T E =
STA. 113+00 THROUGH STA. 126+86.95 (POE) — § < =z
£rod® S
S w O
_& I % 52 ¢ ® 5 P _'] T O = I
o 3 B ™t Lo 605 = ™ > W &)
e ¥3 °3 +o T 0O 0=
Ede &2 Nio 50 3 < -~ s
e N 2tg APPROXIMATE AS—BUILT VS Rl s s g & x
2 £ Dzl GROUND SURFACE PROFILE §;§ bzt (2) 10" — 12" STEEL PIPES & < wo m
600 0S 0as "hs ove RELOCATED ABOVE SLURRY 1 600 - ('7) E o I
- ALL IN CAP. O
5 O Q=
¥ 8 O\METAL FLY S E o« g E S
= TREATMENT POND . ASH PIPE ) o5 <
595 & DISCHARGE o0 595 w L
© (LOCATION AF(’:PROS)/ O = [%)]
’ / O VETAL BOTTOM ASH PiPE E <SS 0w
POND DISCHARGE PIPE = 3:' 0 S u
590 oo 590 Z Z N
s |9 8 9z
2 za©<
< w 9 z
a 585 585
: 50 &
8 '
g 25 X
= Besso) 580 O < i
w 1 TOP OF KEY TOP OF KEY—\ 1IN =
e = -
=z TOP OF KEY o
£lo
. 575 575 X
5 Q
= L win / SN 8
S 3MIN. EOB BASE OF WALL
o 570) NE 5 ]/ EOB con . 2
u BASE OF WALL \ EOl =
BASE OF WALL
565 565
560 560 Issued
Rev Date
Description
=3 ISSUED
(t') g FOR _RECORD 04/27/2009
555/ = g 555
< &
by s
| <
w
560 2 I 550
= b
o uj
e 9
g >
s o
545 545 _
113+00 114+00 115+00 116+00 117400 118+00 119+00 120+00 121+00 122+00 123+00 124+00 125+00 126+00 127+00 128+00 Designed: _CF__10/03/2007
Drawn. DAS 01,/22/2009
CUTOFF WALL PROFILE Checked: _CF__01/22/2009
STA. 113+00 THF(!)OUGH STA. 128;56 95 (POE) Approved: JAT 01/26/2008
LEGEND ™ |
OH———— OVERHEAD ELECTRIC LINE (MAY NOT REPRESENT ALL LINES) PE——— NOTES: PROJECT NUMBER
cPTE CPT BORING (BY STS) %] WOODEN UTILITY POLE LOCATION 1. BORINGS PROJECTED IN PROFILE AND NOT 200703855
NECESSARILY ON WALL ALIGNMENT. _
SBNG CONVENTIONAL ROTARY BORINGS (BY STS) E TRANSMISSION TOWER LOCATION 2.ELEVATIONS ARE REPORTED IN NAVD 88 DATUM IN FEET. SHEET REFERENCE NUMBER
s MONITORING WELL (81 STS) SOIL— BENTONITE CUTOFF WALL 3. gfgxﬁwézye%oggws INC. FROM AERIAL PHOTOGRAPHY
i BORING (BY OTHERS) 4.IN CASE OF MULTIPLE OVERHEAD LINES. C-1 O
¢ OVERHEAD ELECTRICAL LINE SURVEY LINE IS LOWEST OF GROUP.
(CROSSING WORK AREA) LOCATION 04/27/2009 ISSUED FOR RECORD

Consumers Enerqy

Figure 21




AECOM

Prepared by:

AECOM

Carlin Fitzgerald, E.I.T.
Assistant Project Engineer
616.940.3077

Inspection Report
J.C. Weadock Generating Facility
Ash Dike Risk Assessment
Essexville, Michigan

Consumers Energy Company
Essexville, Michigan
AECOM Project No. 60100985
November 6, 2009



Table of Contents

1.0 EXECUtIVE SUMMANY .....coiviiiiiienienieeie et 1
O = o 1 o 1= RSP 1
1.1.1 Summary Field Inspection Findings........ccccccoviviiiiiieeeaaennn. 1

1.1.2 Summary of Surveillance and Monitoring Plan (SMP)
and Operation and Maintenance (O&M) Status ......... 1
1.2 Conclusions and Recommendations ..........cccooveuvvveeereeennnns 2
1.2.1 Field INSPECHiON ........uvveieiee e 2
1.2.2 Surveillance and Monitoring Plan (SMP) and
Operation and Maintenance (O&M) Plan .................... 2
1.3 Certification .......ooceeiiiieiee e 3

2.0 Project DesCription.........ccccveiueiieiierie e 4
2.1 Brief Project DesCription ............ccoeiiiiiiiiiiiiiieee e 4
2.2 Hazard Potential Classification .............ccccccevveeiiiiiciiieeneeennn. 4
2.3 Summary of Historic Stability Analyses ...........cccccvvvvveveeennn. 5
2.4 Summary of Operations and Maintenance (O&M)

PrOCEAUIES.......viiie ettt 6
2.5 Summary of Surveillance and Monitoring Program............... 6

3.0 Discussion of Potential Failure Modes Analysis
REPOIT ... 7
3.1 GENEIAI ..eiiiiiiiiie e 7
3.2 Assessment of Potential Failure Modes Analysis Report..... 7

3.2.1 GENEIAL. ... i 7
3.2.2 Potential Failure Mode Scenarios ...........coccvvvveeereeennn. 8
3.2.3 Assessment of Risk Reduction Measures................... 9

4.0 Field INSPECLION......cccuiiiericie e 11

4.1 Field Inspection Observations ..........cccccccoevveiivieeeeeeee i 11
4.1.1 Perimeter DIKe.......couviviiiiiie et 11
4.1.2 Abandoned Outfall Structures ...........ccccceeeeeiiiiiiinneen. 11
4.1.3 Existing Outfall Structure and Interior Drop

SHTUCTUMES....cceeeiiie e 11
4.1.4 Interior Divider DIKES ........cccoviiiiieiiiiiiee e 12

4.2 Field Observations with Respect to Potential Failure
MOOES ..ttt et et srree e e e 12

5.0 Conclusions and Recommendations.............cc.ccecvvuenee. 13
5.1 Recommended Corrective Measures ..........cccceevvvveeessnnnnn. 13

5.2 Surveillance and Monitoring Program (SMP)
RecommENdationS ..........ccuvvieiiiiiee e 13



AECOM

Table of Contents

5.3 Operation and Maintenance (O&M) Program

Recommendation...........ccccoeeeiiii 14
5.4 Additional Stability Studies.........ccccceeeeviiiviiiiieee e, 14
6.0 RETEIENCES ..ot 15
Appendices
Appendix A Applicable Project Figures
Appendix B Inspection Photographs

Appendix C Field Inspection Results



1.0 Executive Summary

1.1 Findings
AECOM completed a site walkover and visual inspection of the J.C. Weadock Disposal Facility on Monday, August
17, 2009. Overall, the disposal facility appears to be in satisfactory condition; however, most containment dike

slopes were covered in heavy vegetation and could not be inspected.

1.1.1 Summary Field Inspection Findings
In general, the field inspection found the J.C. Weadock Disposal Facility to have no visible distress or visible signs

of movement. However, the following conditions were identified during the inspection:

e Heavy vegetation including large trees, shrubs, and tall grasses (phragmites) are growing on the slopes.
Trees pose a minor threat to the stability of the slopes should the trees topple. Due to the heavy vegetal
cover, an adequate visual inspection of the surface and toe of the slopes could not be performed.

e One area of surface erosion was noted on the exterior slope of the perimeter dike bordering the fire ponds.
This erosion was probably a remnant of the 2009 overtopping when the fire ponds were pumped down and
the perimeter ditch was plugged causing water in the perimeter ditch to back up resulting in erosion across
the dike road.

o Perimeter ditches designed to convey storm water runoff inboard of the containment dike or access road
are present around the site but are typically chocked with tall grasses. The outlets of these ditches are
assumed to discharge to internal ponds but outlets could not be visually identified due to the heavy
vegetation.

e Visual inspections indicated that there is little to no riprap present on the outboard slope of the perimeter
dike along portions of the discharge channel upstream from the electric fish barrier. The design drawings

indicate that this slope should be protected with riprap.

1.1.2 Summary of Surveillance and Monitoring Plan (SMP) and Operation and Maintenance
(O&M) Status

The project does not have a formalized written Surveillance and Monitoring Plan (SMP). A typical SMP includes
details such as types of instruments, recorded instrument readings, reading procedures, surveillance plans and
procedures for visual inspection and data processing and evaluation methods that is specifically tailored for project
performance (safety) from a structural, geotechnical and hydraulic standpoint, rather than environmental
compliance. Generally it was found that instrumentation, such as observation wells, was in place but was not being
monitored on a regular basis. Two observation wells at Weadock are monitored quarterly to semi-annually for
groundwater elevation and environmental compliance purposes. Written procedures exist according to plant

personnel; however, the written procedures were not available for review during the inspection. We understand the

1
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current plan was developed for environmental compliance and not with consideration of the safety of the

containment structures.

In general, the current operation and maintenance (O&M) of the disposal area is adequate to minimize the risk of
the potential failure modes identified in the PFMA Report (AECOM, 2009b). However, there is little or no
maintenance of vegetation on the containment dike slopes or perimeter storm water collection ditches. Trees,
shrubs, and tall grasses choke the storm water ditches and obscure the dike slopes, which prevents adequate

drainage and visual inspection, respectively.

1.2 Conclusions and Recommendations

Those areas of the facility that could be readily observed are generally in satisfactory condition and no major
deficiencies were identified which could immediately jeopardize continued safe and reliable operation of the project
structures. However, visual inspection of the dike slopes and toe areas were difficult due to the heavy vegetation

present.

1.2.1 Field Inspection
In general, the field inspection found the J.C. Weadock Disposal Facility to have no imminent threat to the safety of
the facility. With reference to Section 1.1.1, we recommend the following improvements be implemented to

improve the safety of the project:

e Remove the trees (including roots) and shrubs on the downstream slopes of the perimeter dikes. In
addition, the tall grass should be cut at least once per year to facilitate adequate visual inspection of the
slopes. Stump holes should be backfilled with compacted granular fill.

e Clean the perimeter storm water ditches and culverts on the inboard side of the perimeter dike to promote
positive storm water and discharged fire pond water drainage towards an internal cell. This will require the
removal of some trees and mowing of the tall grass.

e Repair or install riprap along the exterior perimeter dike at the discharge channel where needed.

1.2.2 Surveillance and Monitoring Plan (SMP) and Operation and Maintenance (O&M) Plan

Although the facility currently does not have a formal written SMP in place, the current informal surveillance and
monitoring program is adequate. The facility has several informal surveillance and monitoring measures in place
that could form the basis of a formal SMP. We recommend developing a formal written SMP that includes the

requirements of the current informal program and the following additional items:

e Monitor the NPDES outfall and all other internal drop structures daily
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e Inspect the internal condition of the buried NPDES outfall pipe
e Measure and record water levels in all perimeter monitoring wells

e Monitor and document the downstream slopes of the perimeter dikes for instability problems

Current operations of the facility are adequate to reduce the risk to project safety; however, we recommend the

following steps be taken to improve safety assessments:

e Maintain the internal drop structures and NPDES outfall to prevent obstructions
¢ Maintain the downstream slopes of the perimeter dikes to be free of trees and shrubs

e Maintain the perimeter storm water ditches to ensure adequate drainage for a design rain event

1.3 Certification

The undersigned, a registered Professional Engineer in Michigan, does hereby certify and state that he is an
employee of AECOM,; that he has been designated as being in responsible charge of the inspection of the J.C.
Weadock Disposal Area; that the inspection work was done by him or under his direct supervision; that he
approved this 2009 Inspection Report; and that the conclusions and recommendations herein are based on his

independent opinion and are made independently of the Owner, its employees, and its representatives.
Field inspection participants:

Michael D. Carpenter, P.E.

Carlin Fitzgerald, E.I.T.

Sincerely,

AECOM

Michael D. Carpenter, P.E.

Senior Project Engineer
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2.0 Project Description

2.1 Brief Project Description

The D.E. Karn and J.C. Weadock Generating Facilities consist of two separate power generating plants located in
Essexville, Michigan on a peninsula bounded by the mouth of the Saginaw River to the west and Saginaw Bay to
the east and is located on the western shore of Lake Huron. The J.C. Weadock plant was the first to generate
power in 1940 and eventually consisted of six coal burning units, Units 1 to 6, which were retired in 1980. Two
additional units, Units 7 and 8, were added in 1955 and 1958 and continue to operate. Aerial views showing the

Karn and Weadock site layout and location of the ash disposal facilities can be seen on Figure 1.

The J.C. Weadock Ash Disposal Facility is located east of the Weadock plant. According to the 1992 permit
application, the landfill covers an area of approximately 292 acres and has a perimeter of approximately 4.85 miles.
The majority of the perimeter consists of ash containment dikes separating the landfill from the Saginaw Bay, the
discharge channel, and Tacey and Underwood Drains (CPC, 1992a), which make up the bordering “Waters of the
State”. The remainder of the perimeter consists of dikes or upland areas with an unknown construction history.
The dikes generally have a 20-foot wide crest and a typical crest elevation of 590 feet IGLD85. The containment
dike is used as a perimeter access road upon which light utility trucks, large snowplows, and 80-ton haul trucks can
be driven. However, heavy traffic is limited on portions of the perimeter access roads due to the presence of the
slurry wall. The facility has been expanded and modified from its original layout in the 1940’s to the current layout.
Process water currently enters the facility at the west end of the site from the bottom ash sluice water discharge.
Storm water and ground water make up the remaining portion of water within the facility. As of February 2009, the
facility no longer receives sluiced fly ash. Process water from the sluiced fly ash was previously combined with the
bottom ash sluice water, storm water, and ground water. Bottom ash sluice water and storm water exit the facility
at a NPDES discharge point. Figure 2 in Appendix A is an aerial view of the Weadock Ash Disposal Facility site

showing the location of various components.

The development of the facility is described in the 1992 permit application report prepared by Consumers Power
Company (CPC). Currently, the facility is partially filled with ash and has remaining available airspace. The
remaining life, in years, of the facility is unknown due to recent operational changes related to fly ash disposal. Fly
ash from the Karn plant is now disposed of in the Weadock disposal area, which approximately doubles the
disposal rate into the Weadock facility.

2.2 Hazard Potential Classification
A Potential Failure Mode Analysis (PFMA) session was conducted on August 13 and 14, 2009 for the J.C.
Weadock Ash Disposal Facility. During the PFMA session, the Core Team discussed and assigned a hazard

classification to the facility. It was determined that the Weadock facility was classified as having a low hazard
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potential. This classification is based on the potential for loss of human life and impacts to economic,
environmental, and lifeline facilities, should an uncontrolled failure occur. At the project site there is no probable
risk of loss of human life and a low economic and environmental loss potential. There are no nearby public facilities
other than a boat launch site located near the southeast corner of the facility. Also, should a failure occur,

environmental or economic losses would be generally limited to the Owner.

2.3 Summary of Historic Stability Analyses

The stability of the ash dike structures has been previously evaluated by Materials Testing Consultants (MTC),
titled “Report of Slope Stability Evaluation J.C. Weadock Ashpond Vertical Expansion Project” (MTC, 1991b). The
stability of the dike structures was analyzed for stability with a slurry wall by AECOM in a report titled “Weadock
Coal Ash Berm Stability Analysis” (AECOM, 2009a). The MTC report is included in Appendix A of the solid waste
permit application (CPC, 1992a). Material properties used in the MTC report were determined in a separate report
by MTC titled “Report of Geotechnical Field Investigation and Laboratory Testing for Slope Stability Study, Vertical
Expansion of Ashponds Project, J.C. Weadock Generating Complex”, (MTC, 1991a).

The PFMA separated the perimeter dike into six (6) sections based on portions of the perimeter dike that have
similar subsurface conditions, dike geometry, and adjacent ash filling plan. Figure 3 shows the separate sections
considered. The MTC and AECOM analyses evaluated the slopes for Sections A, C, and D. Sections B, E, and F

have not been evaluated. The status of each section related to slope stability is summarized as follows:

eSection A — As described by MTC, factors of safety ranged from 1.42 to 2.0. The minimum FS that could
result in a loss of ash containment was reported to be 1.42. This FS is slightly less than the typically
accepted value of 1.5. The analysis did not consider fully drained conditions or undrained conditions
specifically within the wet ash.

eSection B — This section has not been specifically considered in previous stability analyses. Since it is similar
to Section A in geometry and ash is not proposed to be stacked in the adjacent Pond P1, this dike is
considered stable, provided adequate freeboard is maintained.

eSection C — As described by AECOM, factors of safety ranged from 2.1 to 4.2. The minimum FS that could
result in a loss of ash containment was reported to be 2.1. This FS is greater than the typically accepted
value of 1.5. These analyses considered the effect of interior ground water levels on FS. It was concluded
that higher interior water levels did not greatly affect the overall stability of the structure. The analyses
assumed that the wet loose ash in Pond F would be replaced with compacted ash.

eSection D — As described by MTC, factors of safety ranged from 1.35 to 3.91. The minimum FS that would
potentially result in a loss of ash containment was reported to be 1.35. This FS is lower than the typically
accepted value of 1.5. The analysis did not consider fully drained conditions or undrained conditions

specifically within the wet ash.
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eSection E — No stability analyses have been conducted on this section. Section E has remained stable and
will not have any additional ash placed adjacent to it, according to the proposed closure plan. Therefore,
Section E is considered stable based on its performance history.

eSection F — No stability analyses have been conducted on this section. Ash filling activities are planned

adjacent to this section and known wet loose ash is present at this location.

2.4 Summary of Operations and Maintenance (O&M) Procedures

We are aware that the facility has a number of procedures related to standard and emergency operational
requirements for the facility. The emergency procedures are contained in the “Spill Control Plan Procedure” which
can be found on site in the results lab at both Karn and Weadock. Standard operations include daily inspections of
the NPDES outlet. In addition, regular general site inspections of the Weadock ash disposal facility are made by
security staff. Periodically Operators observe the degree of siltation in the intake and discharge channels and if
needed, dredging is completed to maintain those channels. Ash filling operations are limited to 12 feet per year
with lifts not thicker than 3 feet per site development specifications included in Appendix B of the solid waste permit
(CPC, 1992a).

Currently there is no standard operating procedure to maintain a specific elevation in the ditches or internal ponds.
Rather, sluice water is allowed to travel by gravity from the discharge point; down ditches, through drop structures,
and culverts between internal ponds; and eventually to Pond F, and ultimately to the NPDES outlet structure into
the plant discharge channel. The ground surface elevation at the discharge pipe in the bottom ash pond (see
Photo 1 in Appendix B) is approximately 595 feet. The NPDES outfall weir is at a fixed elevation of 581.45 feet
(see Photos 7 and 8 in Appendix B). Assuming a dike crest elevation of 590 feet, the freeboard at the downstream

end of the flow path is approximately 8 feet.

The outfall has sufficient capacity to accommodate fly ash and bottom ash sluice water and a 25-year rain event
(CPC, 1992b). Now that the facility has converted to dry disposal methods and fly ash sluice water no longer
enters the system, it can be concluded that the facility has sufficient discharge and storage capacity while
maintaining minimum freeboard. In addition, plant personnel noted that a large storm event was experienced by
the outfall structure in the summer of 1994 and was contained with no noted overtopping of the perimeter dike or
loss of containment.

2.5 Summary of Surveillance and Monitoring Program

The Weadock ash disposal facility does not currently have a SMP specifically for safety of the containment
structures. Currently the environmental staff monitors two of the existing wells for environmental compliance and
static water level. However, the facility does not review this data with regards to safety of the project structures

related to a breach or loss of containment.
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3.0 Discussion of Potential Failure Modes Analysis Report

3.1 General

The PFMA Session for the J.C. Weadock Disposal Facility was conducted on August 13 and 14, 2009 at the Karn-

Weadock Generating Plants in Essexville, Michigan.

included the following people:

Bill Walton — AECOM

Rick Anderson — AECOM
Jamie Matus — AECOM
Mike Carpenter — AECOM
Carlin Fitzgerald — AECOM

The purpose of the PFMA session was to identify potential failure modes at the project and classify each as fitting

JR Register - CEC
Marianne Walter — CEC
Rick Hall - CEC

Jon Carpenter - CEC
Roberto Falco - CEC

into one of the categories listed in Table 3-1.

Table 3-1 - Potential Failure Mode Categories

Category

Description

I Highlighted Potential Failure Modes

Those potential failure modes of greatest significance considering need for
awareness, potential for occurrence, magnitude of consequence and likelihood of
adverse response (physical possibility is evident, fundamental flaw or weakness is
identified and conditions and events leading to failure seemed reasonable and
credible) are highlighted.

Il.  Potential Failure Modes Considered But
Not Highlighted

These are judged to be of lesser significance and likelihood. Note that even
though these potential failure modes are considered less significant than Category
| they are all also described and included with reasons for and against the
occurrence of the potential failure mode. The reason for the lesser significance is
noted and summarized in the documentation report or notes.

Ill.  More Information or Analyses Needed
in Order to Classify

These potential failure modes to some degree lacked information to allow a
confident judgment of significance and thus a dam safety investigative action or
analyses can be recommended. Because action is required before resolution the
need for this action may also be highlighted.

IV. Other Consideration (Potential Failure
Mode Ruled Out)

Potential failure modes may be ruled out because the physical possibility does not
exist, information came to light which eliminated the concern that had generated
the development of the potential failure mode, or the potential failure mode is
clearly so remote as to be non-credible or not reasonable to postulate.

Potential failure modes discussed which were not developed in detail were
classified as Category IV-ND (not developed) generally because the PFMA team
judged them to be too improbable to warrant an in-depth evaluation of adverse
versus positive factors.

3.2 Assessment of Potential Failure Modes Analysis Report

3.2.1 General

In reference to AECOM'’'s PFMA report, the Core Team identified a total of thirty-two (32) Potential Failure Modes
(PFMs) during the PFMA session. Six (6) of these PFMs were classified as Category I, eleven (11) Category lll,
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fourteen (14) Category 1V, and one (1) Category IV-ND. No Category | PFMs were identified. Only failure modes
classified as Il and Il will be discussed in this report. Refer to the PFMA Report for a full description of failure

modes. Table 3-2, in the following section includes a summary of Potential Failure Modes (PFMs).

3.2.2 Potential Failure Mode Scenarios
Each of the Category Il and lll PFMs is listed in Table 3-2.

Table 3-2 - Summary of Category Il, and Ill Potential Failure Modes

PFM Number and Description (:Loonac(ljilt?c?n Structure Category
1 — Discharge Flume Fails Backing Up Process Water Leading to l\gﬁ:jnt;{egﬁ]r;cne Outfall I
Breach in Dike Which Causes Loss of Containment. Factors
2 — A Large Rain Event Overwhelms the Outfall Which Leads to
Filling Ponds and Overtopping the Perimeter Dike Causing Flood Outfall 1]
Loss of Containment.
3 — Buried Concrete Outfall Pipe Deteriorates, Leads to Ground Loss '\gﬁgﬁgir:ne Outfall I
Then Breach of Surrounding Embankment.
Factors
4 — Piping, Seepage, or Collapse of Conveyance Pipe Leads to Maintenance
Ground Loss and Breach of Perimeter Dike Causing Loss of and Human Outfall 1]
Containment. Factors
6 — Outfall Pipes and/or Ditch Along the Interior Side of Section E Maintenance Fire Water Pond
Become Blocked, Leads to Overtopping and Ground Loss and and Human Pump Il
Breach of Perimeter Dike Causing Loss of Containment. Factors
10 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section A 1l
to Loss of Containment. and Earthquake
12 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section C 1]
to Loss of Containment. and Earthquake
13 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section D 1]
to Loss of Containment. and Earthquake
14 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section E 1]
to Loss of Containment. and Earthquake
15 — Static or Seismic Liquefaction of the Loose Wet Ash in the Proposed —
Foundation of the Ash Fill Leads to Slope Failure Which Leads Staged Filling Dike Section F I}
to Loss of Containment. and Earthquake
16 — Global Slope Instability Leads to Loss of Containment. ONorm_aI Dike Section A 1]
perations
18 — Global Slope Instability Leads to Loss of Containment. ONormaI Dike Section C 1]
perations
19 — Global Slope Instability Leads to Loss of Containment. Oglgrg?islns Dike Section D 1]
20 — Global Slope Instability Leads to Loss of Containment. Norm_al Dike Section E 1]
Operations
21 — Global Slope Instability Leads to Loss of Containment. ONorm_aI Dike Section F ]
perations
23 — Rapidly Raising Ash Causes an Undrained Condition in the - :
Pgrimyeter Dikge Foundation Which Leads to Slope Failure and Propose_d‘— Dike Sections A, D, 1]
- Staged Filling E,and F
Loss of Containment.
31 — Failure of Interior Dike Due to Overtopping or Instability Leads to Normal
Loss of Containment Along the South Side of the Containment . Interior Dikes 1]
Dike. Operations
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3.2.3 Assessment of Risk Reduction Measures

The risk reduction measures (RRM) identified for the Category Il or lll potential failure modes were summarized in
the PFMA report (AECOM, 2009). Our assessment of those RRMs is provided in Table 3-3.

Table 3-3 - Assessment of Risk Reduction Measures for Category Il and Ill Failure Modes

Risk Reduction Measure

Associated

Category Il

or lll PFM
Nos.

Assessment

Monitor piezometers to obtain static groundwater levels upstream and
downstream of the perimeter dike and to monitor any slope movements.

16, 18, 19,
20 and 21

This RRM should be added as part of the
SMP to monitor hydrologic and geotechnical
conditions to ensure the safety of these
structures.

Scheduled inspections for clogging, freezing, or reduced flow in outlet
structures.

land3

This RRM should be added as a part of the
SMP to ensure the outlet is resistant to
clogging and if it does become clogged, that
the problem is identified and fixed prior to a
failure and loss of containment.

Installation of emergency overflow devices at discharge locations where
overflow is directed back into the containment area to be stored until the
problem causing the overflow can be alleviated.

land?2

Provided the risk of a clogged outlet is
mitigated by inspecting the inside of the
outlet pipe and frequent surface inspections,
this RRM is not needed.

Add high water level alarm to warn of overtopping at outlet structures.

Provided the risk of a clogged outlet is
mitigated by inspecting the inside of the
outlet pipe and frequent surface inspections,
this RRM is not needed.

Raise freeboard at outlet structures.

land 2

Provided the risk of a clogged outlet is
mitigated by inspecting the inside of the
outlet pipe and frequent surface inspections,
this RRM is not needed.

Scheduled visual inspections of the interior of the outlet pipes for deterioration
or damage.

3and5

This RRM should be added as a part of the
SMP to ensure the discharge structure is
sound and not at risk of failure.

Improve strength in the perimeter dike with ground improvement methods such
as soil mixing, wick drains, or stone columns.

10, 12, 13,

14, 15, 16,

18, 19, 20
and 21

This RRM is only needed if recommended
by future studies.

Stability analyses should be completed to further identify any instability in the
perimeter dike or foundation. Future stability analyses should also consider
wedge block-failure surfaces, fully drained and undrained analysis, and
unstable nature of the sluiced ash under rapid loading conditions, surcharge
loading associated with ash haul trucks, where appropriate, and re-evaluated
soil properties and hydrogeologic conditions. Section B is considered stable
and Section C is considered stable, provided Pond F is cleaned of wet loose
ash.

16, 18, 19,
20, 21, and
31

This RRM should be completed as an
additional study.

Develop staged fill plan for stacking fly ash to limit rate of loading on soft clays
and sluiced loose ash in the dike and fill area foundations.

10, 12, 13,
14, 15 and
23

This RRM should be completed as an
additional study.

Develop storm water management plan including pond capacities for a design
storm event.

2

This RRM is needed to document ditches
are the correct freeboard and pitch to
accommodate a design rain storm event.

The existing fire water ditch could be cleaned out and enlarged. Also, an alarm
or other warning instrumentation could be installed to prevent overtopping.

6

This RRM should be implemented to
minimize the risk of overtopping.

A plan for excavating and dewatering Pond F should be developed to ensure
that new ash fill can be placed in the dry.

18

This RRM is needed prior to placing ash in
Pond F.

Supplemental soil borings and instruments (pneumatic piezometers and
inclinometers) are needed to obtain soil properties, monitor static groundwater
levels upstream and downstream of the perimeter dike, and monitor for slope
movements.

10, 12, 13,
14, 15, and
23

This RRM should be added as part of the
SMP to monitor hydrologic and geotechnical
conditions to ensure the safety of these
structures.
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Since the RRMs in Table 3-3 are related to Category Il or Ill failure modes, they should be considered for
implementation.  Section 5.0 provides recommendations for modification of the SMP and O&M plan to
accommodate the RRMs described above.

Although not related to Category Il or Il failure modes, there are some additional RRMs that should be considered
for the facility that are considered typical for operation, maintenance, and monitoring of dike structures. Our
assessment of these additional risk reduction measures and associated failure modes are summarized in Table
3-4. Section 5.0 provides a summary of recommended improvements to the SMP and O&M plan for the site related
to these additional RRMs.

Table 3-4 - Assessment of Risk Reduction Measures for Category IV Failure Modes

Associated
Risk Reduction Measure Category IV Assessment
PFM Nos.

Monitor and record static groundwater levels from existing monitoring wells. 29 and 30 The perimeter dike stability analyses assume a
groundwater flow condition. It is important to
monitor for groundwater fluctuations to
evaluate the stability of existing and future
conditions. Regular monitoring and thresholds
for the perimeter wells should be identified in a
formal SMP.

Remove trees, shrubs, stumps, and mow tall grasses from perimeter dike | 25,29 and 30 | This RRM should be added as a

slopes. comprehensive vegetation maintenance plan.
It is needed to allow adequate inspection of the
perimeter dike slopes.

Remove trees, shrubs, and mow tall grasses from perimeter storm water 32 This RRM should be added as a

collection ditch. comprehensive vegetation maintenance plan.
It is needed to allow storm water drainage and
prevent overtopping of the perimeter dikes for a
design rain event.

Scheduled inspections for surface erosion, cracking, slumping, woody 27 This RRM should be added as a part of the

growth on the perimeter dike and ash fill slopes. SMP to allow for adequate inspection of the
dike slopes.

Grade perimeter roads inward or crown them to prevent loss of containment 32 This RRM is needed to minimize risk of loss of

from surface water runoff. containment due to surface runoff

Inspect perimeter dike slopes after storms for ice or wave damage. 27 This RRM should be added as a part of the
SMP to identify any damage as a result of a
storm or ice event.

Develop a dredging plan for the intake and discharge channels that will 9 This RRM is needed if dredging of the

prevent negative impacts to the perimeter dikes. discharge channels is needed.

10
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4.0 Field Inspection

The project was inspected by Mike Carpenter, P.E. and Carlin Fitzgerald, E.I.T of AECOM on August 17, 2009
along with a representative of Consumers Energy Company, Marianne Walter. Visual observations of each of the
main structures were made during the field inspection. Photographs were taken during the inspection.
Representative photographs have been included with descriptive captions in Appendix B. In addition, a CD
containing all of the photographs obtained during the inspection is included in Appendix B. Copies of the inspection

checklist and field notes are included in Appendix C.

4.1 Field Inspection Observations

4.1.1 Perimeter Dike

The inspection team walked the crest and along the downstream and upstream slopes of the perimeter dike.
Overall, the slopes that could be observed appeared to be in good condition and free of any erosion, cracking, or
signs of movement (Photos 5, 9, 10, 11, 12, 16 and 19). The crest is generally uniform with no visible signs of
vertical settlement, lateral moving, or cracking (Photo 2, 13, 15 and 22). Some erosion of the crest was noted near
the fire ponds (Photos 23 and 24). The ash landfill slope was lightly vegetated (Photo 21). Trees were observed
on the ash slope and within the storm water drainage ditch (Photos 5, 12, 15 and 16). The downstream slope of
the perimeter dike ranges from an estimated 1.5H:1V to 4H:1V along the discharge channel, Saginaw Bay, and
Tacey and Underwood Drains. The ground is generally flat along the southern and western perimeter of the project
where there is no apparent dike (Photo 22). Trees were growing on a majority of the containment dike slopes along
with very tall grasses (phragmites, see Photos 5, 9, 10, 11, 12, 13, 15, 16, 17, 18, 19, 20, 23 and 24). Due to the
amount of heavy vegetation, a conclusive visual inspection of the dike slopes could not be performed. However,
areas with thinner vegetation where the slope could be seen appeared to be in good condition. Varying amounts
and sizes of riprap were noted on the slopes (Photos 5, 10, 12, 16 and 19). However, riprap was not observed

along portions of the dike slope along the discharge channel.

4.1.2 Abandoned Outfall Structures

The abandoned outfall structure is located at the northwest corner of Pond F (Photos 12 and 14). The condition of
the abandoned structure could not be determined, nor could the discharge pipes be located. Operation staff noted
that the discharge pipes (the pipe discharging to the discharge channel) had been plugged with concrete but no
plans were found to confirm this. The 2008 slurry wall construction documentation report provides a description of

the abandonment methods.

4.1.3 Existing Outfall Structure and Interior Drop Structures
The existing outfall structure (Photo 7) is currently located upstream of the electric fish barrier (Photo 9) where

water is released to the power plant discharge channel through a vertical reinforced concrete pipe (RCP) drop
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structure connected to a horizontal RCP discharge pipe. This vertical riser consists of a 4.5-foot diameter vertical
concrete pipe with a larger diameter (approximately 8-foot) metal ring mounted to the top. Water flows under the
metal ring and over the top of the concrete pipe to reduce the amount of solids being discharged. The water level
adjacent to the edge of the riser is monitored (Photo 8) to calculate discharge flow. The horizontal RCP discharges

to the channel at least 1 foot below the water surface and is not visible.

The outfall structure appears to be functioning properly. However, it was noted that large amounts of vegetation

were growing on the slopes of the channel banks (Photo 7) and could potentially become lodged in the outfall.

Interior drop structures and culverts are typically metal weirs and pipes (Photo 6) that discharge to the next sluice

channel or pond and appeared to be functioning properly.

4.1.4 Interior Divider Dikes
The interior divider dikes had minimal vegetation growing on the slopes and appeared to be primarily made of
bottom ash. These dikes did not show any significant cracking, lateral movement, or vertical settlement during the

visual inspection (Photo 2).

4.2 Field Observations with Respect to Potential Failure Modes
The following comments are based on observations made during the field inspection with respect to Category Il and

Il potential failure modes:

e The outlet structure was observed to be functioning properly with only approximately 1 to 2 inches flowing
over the weir. There was no visible evidence on the top of the concrete pipe that deterioration of the pipe
was occurring. However, no observations could be made of the inside of the pipe at the inlet or submerged
discharge. These observations are related to PFM Nos. 1, 2, and 3.

e The inspection did not identify any evidence of global stability movements, seepage, or erosion of the
perimeter dike. However, the presence of heavy vegetation on the perimeter dike slopes makes it difficult
to impossible to observe the conditions that may suggest a problem exists. These observations are related
to PFM Nos. 16, 18, 19, 20, and 21.

12
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5.0 Conclusions and Recommendations

The areas of the facility that could be readily observed were found to be generally in satisfactory condition. The
project appears to be operated safely and reliably. No major deficiencies were identified which could immediately
jeopardize continued safe and reliable operation of the project structures. However, visual inspection of the dike
slopes and toe areas were difficult due to the heavy vegetation present.

5.1 Recommended Corrective Measures
Based on the inspection, the project structures appear to be in satisfactory condition. However, visual inspection of
the dike slope and toe is difficult due to the heavy vegetation present. Therefore, we recommend a vegetative

maintenance program be implemented to reduce the visual impairment.

5.2 Surveillance and Monitoring Program (SMP) Recommendations

Operators are available at the Karn and Weadock facility at all times (24-hours a day, 7-days a week). The results
lab technicians visually inspect the ash landfill perimeter and outfall structure at least once per day. The water
levels within two monitoring wells (MW-19 and MW-20) are measured quarterly. The current surveillance and
monitoring program is conducted generally for environmental reasons and not specifically for dike safety
performance monitoring. There is no other known formal written surveillance or monitoring procedures related to
structure safety conducted at this facility. The following written surveillance and monitoring procedures are
recommended for monitoring the performance of the project structures for the Category 1l or Il potential failure
modes identified:

o Daily scheduled inspections for clogging, freezing, or reduced flow in outlet structures should be identified
in a formal SMP to ensure the outlet is resistant to clogging and if it does become clogged, that the problem
is identified and fixed prior to a failure and loss of containment.

e Scheduled visual inspections of the interior of the outfall pipe for deterioration or damage should be
identified in a formal SMP to ensure the discharge structure is sound and not at risk of failure. The interior

of the drop shaft and pipe should be periodically inspected.

In addition, we recommend the following surveillance and monitoring procedures be included, which are related to
Category IV potential failure modes:

¢ Regular monitoring and thresholds for the perimeter wells should be identified in a formal SMP to monitor
for groundwater fluctuations with respect to the perimeter dike stability for existing and future conditions.

The monitoring should include regular monitoring of groundwater levels from existing monitoring wells.
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e Scheduled inspections for surface erosion, cracking, slumping, woody growth on the perimeter dike and
ash fill slopes should be identified in a formal SMP to allow for adequate inspection of the dike slopes.
e Inspection of the perimeter dike slopes after storms for ice or wave damage should be identified in a formal

SMP to identify any damage as a result of a storm or ice event.

5.3 Operation and Maintenance (O&M) Program Recommendation

Operators are available at the Weadock facility at all times (24-hours a day, 7-days a week). The results lab
technicians visually inspect the ash landfill perimeter and outfall structure at least once per day. Generally, the
O&M programs for this facility are related to ash management and maintaining sluice water flow. The current O&M
programs are not specifically related to the potential failure modes identified during the PFMA session. The

following O&M procedures are recommended to ensure the safe performance of the project:

e Maintain the internal drop structures and NPDES outfall to prevent obstructions.
e Maintain the downstream slopes of the perimeter dikes to be free of trees, stumps, and shrubs.

e Maintain the perimeter storm water ditches to ensure adequate drainage for a design rain event.

5.4 Additional Stability Studies

As a result of PFM Nos. 16, 18, 19, 20 and 21, additional stability analyses were considered necessary to re-
categorize these Category Ill PFMs. We recommend additional stability analyses be performed on the perimeter
dikes (Sections A, D, E, and F) adjacent to the areas receiving stacked ash above elevation 590 feet and up to
elevation 650 feet. The analyses should consider drained and undrained conditions, loose wet sluiced ash in the
foundation of the ash fill, and actual ground water conditions. Should an analysis be completed with the above
mentioned considerations; the recommendations provided within the stability analysis report should be

implemented.
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PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

1 8/17/09
Direction Photo
Taken:

West
Description:

Bottom ash pond with
view of Weadock plant
(back center) and fly ash
storage silo (back right).

\'\
"~

Photo No. Date:
2 8/17/09

Direction Photo

Taken:

South

Description:

Interior dike with slurry
wall to the east of the
chemical treatment ponds.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

3 8/17/09
Direction Photo
Taken:

West
Description:

Old fly ash transportation
ditch.

Photo No. Date:
4 8/17/09

Direction Photo

Taken:

East

Description:

Interior sluice channel
culvert between channels.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

5 8/17/09
Direction Photo
Taken:

Northwest
Description:

View of perimeter dike
exterior slope in the
discharge channel
upstream from the electric
fish barrier.

Photo No. Date:
6 8/17/09

Direction Photo

Taken:

West

Description:

Typical drop structures
and pipes between interior
sluice channels.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

7 8/17/09
Direction Photo
Taken:

South
Description:

NPDES discharge weir at
the bottom right of

staircase.

Photo No. Date:
8 8/17/09

Direction Photo

Taken:

West

Description:

Instrumentation for
measuring flow over the
discharge wier.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

9 8/17/09
Direction Photo
Taken:

Northwest
Description:

Discharge channel and
electric fish barrier
showing tall grasses on
slope.

Photo No. Date:
10 8/17/09

Direction Photo
Taken:

Northeast

Description:

Physical barrier in
discharge channel and
heavy vegetation on
perimeter dike.




PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
Consumers Energy Company J.C. Weadock Ash Disposal Area 60100985
PhOtO NO. Date:
11 8/17/09
Direction Photo
Taken:
South
Description:

Heavy vegetation and
steep slope of perimeter
dike along the discharge
channel.

Photo No. Date:
12 8/17/09

Direction Photo
Taken:

North

Description:

Perimeter dike at outlet of
discharge channel
showing rip rap and heavy
vegetation.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

13 8/17/09
Direction Photo
Taken:

South
Description:

Pond F (background).

Photo No. Date:
14 8/17/09

Direction Photo

Taken:

South

Description:

Triangle pond at the
northwest corner of Pond
F.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:
15

Direction Photo
Taken:

West

Description:

Perimeter dike along
Saginaw Bay.

Photo No. Date:
16 8/17/09

Direction Photo
Taken:

Northwest

Description:

Exterior slope of perimeter
dike along Saginaw Bay
(4H:1V).




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

17 8/17/09
Direction Photo
Taken:

South
Description:

Heavy vegetation
bordering the north side of
Pond F.

Photo No. Date:
18 8/17/09

Direction Photo

Taken:

Southwest

Description:

View across Pond F from
the perimeter dike along
Saginaw Bay at the
northeast corner of Pond
F.




PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
Consumers Energy Company J.C. Weadock Ash Disposal Area 60100985
PhOtO NO. Date:
19 8/17/09
Direction Photo
Taken:
East
Description:

Perimeter dike slope
bordering Underwood
Drain (3V:1H).

Photo No. Date:
20 8/17/09

Direction Photo

Taken:

East

Description:

Perimeter dike slope
bordering Underwood
Drain (3V:1H).




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Photo No. Date:

21 8/17/09
Direction Photo
Taken:

North
Description:

View across Pond F from
the top of current fly ash
fill with light vegetative
cover.

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:
22 8/17/09

Direction Photo

Taken:

West

Description:

View of perimeter dike
(access road) in upland
areas.




PHOTOGRAPHIC LOG

Client Name:
Consumers Energy Company

Site Location:
J.C. Weadock Ash Disposal Area

Project No.
60100985

Photo No. Date:

23 8/17/09
Direction Photo
Taken:

South
Description:

View of fire ponds and
remaining erosion from
the 2009 overtopping of
the perimeter dike.

Photo No. Date:
24 8/17/09

Direction Photo

Taken:

South

Description:

Remaining erosion from
2009 dike overtopping
near fire ponds.




PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
Consumers Energy Company J.C. Weadock Ash Disposal Area 60100985
PhOtO NO. Date:
25 8/17/09
Direction Photo
Taken:
East
Description:

View of interior perimeter
ditch used to discharge

fire pond water.
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VISUAL INSPECTION CHECKLIST Sheet | __of _{
Owner- iy e WL i Date Inspected: ¢,/ ~ 4/
Name of Ash Pond: . . i+ . dre i fR N Oy 1) m( Pool Elevation: £
Hazard Category: /. | j Normal Freeboard: 7
ax Embankment Height: Al Design Crest Elevation: e
Impoundment Area/Size: Primary Outlet-invert Elevation: 7
Weather: *. | ~ i, G0 g
7
Directions: Mark an "X" in the “YES" or "NO"/ column.
If item does not apply, write "N/A" in "REMARKS" columns.
Use "OTHER COMMENTS" Space to amplify "REMARKS"
ITEM YES NO REMARKS

Is the impoundment currently being constructed or expanded? .
Is the impoundment actively being filled/used? W

a._Method of filling : Lo b S o e sl

b. Type of waste being deposited > Ais A€M & T rhe. 71 SAsi7 .

& _Rate of filling _ _ FEWRIRTRT; Gl 5 3 o) Lot
Type of Impoundment; O ! i BT

a. Incised (Dike, Cross Valley. Side Hill,

and/or Upstream/Downstream Expansions
b_Is the impoundment Lined? 1 so, with what? . FELGEU Nk a g ioild ¢ v U n
Lo 70y -

DOWNSTREAM FLOODPLAIN i/ :

a. Occupied Housing? X,

b. Farming? %, g -t teroon

¢. Recreation Areas? W Virgw s b e W e e g ol

d. Changed Hazard Potential? X,

€. New Development? ¥

f. Nearesi Downstream Town? o foadey o4 AT
INSTRUMENTATION i
1. Are there e

a. Piezometers? %

b._Weirs? £ AN e e T

. Settlement Pins? A

d. Observation Wells? ¥

e. Other?
2. Are readings e M—

a. Available? 5 Sk i Xily ) 4 iR

b._Flotted? A EASL et res et

c. Taken Periodically? N, HEVAYSIOTE: IS, '

7 77 7

Comments:




Sheet = of 4

ITEM

YES

NO

REMARKS

HISTORY

1. _MODIFICATIONS CONDUGTED FOR PROJECT SAFETY?

a. Any New Modifications

b. Status of Recommended Corrective Measures

c. Other?

2. FLOOD HISTORY

a. Flood of Record

b. Zero Freeboard Outlet Capacity?

Loy S0 it bl L e pe e v

c. Peak Outlet discharge?

A YAANE
>,

[ o]
W K4

©

d. Peak pond elevation?

I

e. Is there an adjacent river that could impact the impoundment?

« oy EX Py AN
A i e

iy 7

OPERATIONS AND MAINTENANCE PROCEDURES

1. COMMUNICATIONSIRESPONSE

-_Communication System?

P i ..o
| A -

. Control System (manual, automated, other)? . fey

Alarm System?

_Location of each system?

(ol (\:'\,.\‘\

Operators onsite (days, hours)?

l'? d«‘. ;vfj;; ;’ o \(

. Operator response time?

Access route? Is there redundency?

Ql~olalelo]c]o

Backup power/igenerator?

2. ELECTRICAL MECHANICAL SYSTEMS |, 71

a. Gate hoists (number, type, location, etc.)?

b. Gate and Valve Operaton (manual, remote, automatic)?

c._lce protection (heated, aggitated, bubblers, reservoir restrictions)?

d. Standby and Backup power/generator?

[ ——————————————

3. HUMAN FACTORS

a. O&M Manual available? Location?

o it Hidya

b. Adequate Staff for Emergeny Response?

c. Reliable Access Routes

d. Electricians, Mechanics, Laborors {onsite, on call)?

P AN o 9

e. Adequate Response Time?

f. Call out Systems?

Comments:




Sheet ,12 of ft

ITEM

YES

NO

REMARKS

OUTLETS/DECANT STRUCTURES

TYPE: iyl et b el Ty oy o iy

D i fgid gl

1.

CREST

TYPE: i-i: f LiiA

. Any Settlements?

7

. Any Misalignments?

. Any Cracking?

. Any Deterioration?

. Exposed Reinforcement?

Erosion?

[Qljojajojojoe

. Silt Deposit Upstream?

CONTROL STRUCTURES I<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>