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Hydro Site Locations —

 CountonUs®

Dam Capacity Plant FERC License
(Mw’s) Commissioned Expiration Date

Rogers 6.72 1906 6/30/2034 [ ———— Mio
e : i T - Alcona

Hardy 313 1931 6/30/2034 — - Cooke
?EE Foote
Croton 9 1907 6/30/2034 < Five Channels
L L loud
Hodenpy 18 1925 6/30/2034 .
Tippy 21 1918 6/30/2034 -
Pumped
Calkins Bridge 263 1935 3/31/2040 Storage
Webber 3.3 1907 5/31/2044
Mio 5 1916 6/30/2034
Alcona 8 1924 6/30/2034 o
Loud 4 1013 6/30/2034 OGalkins Bridge
Five Channels 6 1912 6/30/2034
Cooke 9 1911 6/30/2034
Foote 9 1918 6/30/2034
Ludington Pumped 2310 1973 6/30/2069 i G
storage Hydroelectric facilities



Rigorous Safety Program Ensures
Public Safety —_—

Elements of Consumers Energy’s Dam Safety Program

« Owners Dam Safety Philosophy Statement
+ Dam safety is of the highest priority

* Rigorous regulatory compliance

+ Owner/Regulator cooperation

+ Strong leadership support

+ Effective operations & maintenance

* Detailed instrumentation and monitoring ‘ |
* Frequent Inspection and reporting Hardy Dam

« Emergency Action Plans All Consumers Energy hydro generation
. Continuous improvement employees have a responsibility to

maintain and operate Consumers
Energy’s hydro generation plants in a
safe, compliant, efficient, and
dependable manner.

I —




Detalled Monitoring for Dam Safety

Minimum Dam Safety Inspection Frequency

* Operator - monthly (daily dam safety observations completed by Operators)

* Supervisor — quarterly

« Dam Safety Engineering Staff — yearly

« FERC -yearly

* Independent Consultant (Code of Federal Regulations Part 12D) — every 5 years
* Provided to Michigan Department of Environment, Great Lakes, and Energy

+ External Owners Dam Safety Program External Audit- every 5 years

+ 2019/2020 Audit - “All levels of CEC have a commitment to high standards for dam safety and place
public safety, personnel safety and environmental compliance above all other performance goals.”

Inspector Qualifications
« Consumers Energy personnel complete annual dam safety training.
* The Independent Consultants are FERC approved.
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Diligent Dam Safety Inspections

Inspections and Monitoring Observe for

+ Seepage (new or significant changes) “
* Piping (sand boils)

* Depressions (sinkholes)

* Erosion

* Brush growth

+ Concrete condition

+ Spillway condition

* Unusual instrumentation readings

* Public safety devices

* Any other signs of instability of any project works

Tippy Dam
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Ensuring the Reliabllity of Hydropower

Asset Health Inspection Frequency
+ Semi-annual civil inspection
+ Specific condition assessments as necessary
* Bi-Annual mechanical inspections
* 6 Year electrical inspection

System Health

+ Asset Health Database
+ Updated through out the year
* Reviewed annually

» Threats to Generation
+ Updated through out the year

Tippy Dam

+ Reviewed in weekly in daily operating review
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Present Projects

Hardy Dam (Engineering)

« Auxiliary Spillway Replacement
» Hydraulic Barrier (Splash wall)
 Crest Compaction

2020 Webber Dam

« Training Wall Replacement
2021 Ludington Pumped Storage

 Upper Reservoir Liner Mastic
Coating

« Trench Features (Maintenance)




Hardy Dam




Hardy Auxiliary Spillway Remediation

* Engineering for
Replacement

« Design Considerations
« PMF (Increase Capacity)
« Roadway
« Passive Control Structure
 Board of Consultants

« Construction
« Target 2022/2023 Start
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Hydraulic Barrier & Crest Compaction
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Webber Dam




Webber Training Wall
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Webber Training Wall




Webber Training Wall




Ludington Pumped Storage (LPS)




LPS Upper Reservoir Mastic Liner

] ~——

Asphalt Seal Coat Sprayed 25 ft Up the Slope
Asphalt Mastic Seal Contained ashestos

5 in. Hydraulic Asphalt Concrete
(Impermeable asphalt mixture)
Laidin two 2.5-inch lifts

2.5 . Asphalt Concrete Binder Cousse
Laid 1n single hift

18 1. Crushed Stone Dramage Layer

10-inch diameter header pipe, aperforated
fiberglass drain pipe at approximate elevation
863 for leakage collection and removal

Asphalt Spray Seal 50 ft Up the Slope

3-inch. Hydraulic Asphalt
Concrete Subbase laid in one lift

Asphalt Prime Coat

Calcareous silty sand embankment material



LPS Trench Features (Maintenanc
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LPS Trench Features (Maintenance)

Plant Grid Northing, feet

27000 —

26500 —

26000 —

25500 —

25000 —

24500 —

CONSTRUCTION DIKES

SAND DEPOSITS (MEGA-RIPPLES)

T T
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Approximate Elevation of Reservoir Bottom, feet
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Energy Co_and DTE Energy Co.

LUDINGTON PUMPED STORAGE PLANT
LUDINGTON, MICHIGAN
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Past Projects

« Croton Right Spillway Wall
Replacement (2019)

* LPS Interior Ramp
Remediation (2014)

 LPS Numerical and Physical
Modeling (2011/2012)




Croton Right Spillway Wall Replacement




Croton Right Spillway Wall Replacement




LPS Interior Ramp Replacement




LPS Numerical and Physical Modeling

Figure D-14: Streamlines; Existing flowrate, pumping, 908.5'




LPS Numerical and Physical Modeling
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LUDINGTON PUMPED STORAGE
UPPER RESERVOIR
LOW PATTERNS
& UNIT PUMPING OPERATION
11,105 CFS PER UNIT
AT WATER SURFACE EL. 908.5°

T T T T T T T

Figure 28: Upper Reservoir Pumping Flow Patterns; WSEL 908.5; 11,105 cfs per Unit
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LPS Numerical and Physical Modeling




LPS Numerical and Physical Modeling
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LUDINGTON PUMPED STORAGE
LOWER RESERVOIR
FLOW PATERNS
6 UNIT PUMPING OPERATION
11,105 CFS PER UNIT
AT WATER SURFACE EL 577
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Figure 29: Pumping Flow Patterns; Q =11,108 cfs per unit ; WSEL = 577"
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Questions?




