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1. INTRODUCTION

Marine Solutions, Inc. conducted a routine inspection of approximately 1,350 linear feet of steel
sheet pile bulkhead and 2,500 feet of adjacent shoreline protection for the Northern Indiana Public
Service Company (NIPSCO) Michigan City Generation Station for Wood PLC (Wood) in Michigan
City, Indiana on June 14" 2018. The purpose of this inspection was to observe and report the
above and below water conditions of the structural components comprising the bulkhead and
adjacent shore protection.

The following paragraphs provide a description of the facility, inspection procedures, and results.
Summarized results of this inspection are documented on the Structure Inspection Forms which
are included in Appendix A. The figures, which illustrates the general configurations and adjacent
depths around the bulkhead documented during the inspection, are included in Appendix B.
Complete results of the ultrasonic thickness measurements for remaining sheet thicknesses are
included in Appendix C.

1.1. Description of the Facility

The generation station is located in Michigan City, Indiana on the southern end of Lake Michigan.
The Michigan City Generation Station is a coal and natural-gas fired power plant operated by
NIPSCO. The waterfront facility consists of a steel sheet pile bulkhead measuring 1,350 linear
feet along the northeast side of the station on Trail Creek and the shoreline protection along Lake
Michigan on the west side of the property. Both facilities were stationed from north to south.

1.2. Inspection Procedures

The inspection was conducted utilizing a three-person inspection team led by a professional
engineer. The inspection included an above and below water visual and tactile examination of the
accessible sheets pile surfaces. The bulkhead and shoreline were stationed from north to south.

The inspected components were observed for signs of distress or deterioration including;
damaged sheet pile interlocks, impact damage, cracks, corrasion, scour, loss of backfill material,
and debris accumulation. Observed conditions, defects and observations were identified by
station location and documented by notes and photographs. Non-destructive testing of sheet piles
was performed using an ultrasonic thickness gauge to determine remaining thicknesses of steel.
Measurements were taken near the water surface, at mid-depth, and near the mudline every 100
feet on submerged sheeting and at selected locations along the shore protection.

The structural elements were categorized by overall conditions ratings and element level severity
ratings. The assigned ratings were based on the American Society of Civil Engineers, Waterfront
Facilities Inspection and Assessment, Manual and Reports on Engineering Practice No. 130, June
2015. The rating criteria considered are presented in Tables 1-1 and 1-2.

Page 1



Table 1-1 Overall Condition Assessment Rating Criteria

(IGDOdII
show very minor deterioration, but no overstressing observed.

Limited Minor to moderate defects or deterioration observed but no
overstressing observed.

All primary structural elements are sound but minor to moderate defects or
deterioration observed. Localized areas of moderate to advanced
deterioration may be present but do not significantly reduce the load-
bearing capacity of the structure.

Advanced deterioration or overstressing observed on widespread portions
of the structure but does not significantly reduce the load-bearing capacity
of the structure.

Advanced deterioration, overstressing, or breakage may have significantly
affected the load-bearing capacity of primary structural components. Local
failures are possible, and loading restrictions may be necessary.

Very advanced deterioration, overstressing, or breakage has resulted in
localized failure(s) of primary structural components. More widespread
failures are possible or likely to occur, and load restrictions should be
implemented as necessary.

“Satisfactory”

"Fair”

“PDOr“

“Serious”

“Critical”

Table 1-2 Defect Assessment Rating Criteria (Steel Structures)

“Severe”
of the member including bending, buckling, breakage, or displacement.

The member has lost critical functionality and load carrying capacity.
Partial loss of section, visible reduction in thickness, or a loss of nominal
thickness between 30 to 50 percent at any location. The member has lost
some functionality and load carrying capacity.

i Over 50 percent of the surface affected by corrosion at any elevation or
section with loss of thickness of 15 to 30 percent at any location. Defect
may affect the function or loading bearing capacity of the member.

Less than 50 percent of the surface affected by corrosion at any elevation
or cross section with loss of thickness up to 15 percent of nominal at any
location. The integrity, function or load bearing capacity of the member is
not affected at this time.

“Major”

“Moderate

“Minor”
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2. INSPECTION RESULTS

The following table summarizes the inspection results, overall condition rating of each structure
and prioritizes recommended actions and repairs. These priorities are based on the facility
operator's perceived needs and should be reviewed against operational concerns and risk
tolerances to determine the ultimate need and/or priority to support facility operations. As a
guideline, recommendations considered high priority should be performed in the immediate or
very near future. Medium priority recommendations should be performed prior to the next
recommended inspection period based on criteria set forth in Section No. 3.3. Low priority
recommendations should be considered for repair as part of a routine maintenance program with
the timeframe decided upon based on need of the facility operator's. For a detailed discussion of
conclusions and recommendations refer to Report Section No. 3. Additional details for each
structure’s configuration and observations are provided in the forms for each structure in Appendix
A.

The repair recommendations each include a rough order of magnitude cost estimate to support
budgetary planning. These estimates were prepared to consider all recommendations and
support long range capital and maintenance budget planning. These estimates are based on
assumed design and construction costs necessary to correct the recommended remedial actions.
Actual costs are considered to be likely within a margin of 10 to 20 percent of these estimates.
Actual labor and equipment rates assumed herein may vary beyond the contingencies considered
depending on the location of the contractor, variations in equipment expenses, and
means/methods of construction. Additional contingencies may be warranted depending on cost
overrun sensitivity of project funding.

Table 2-1 Summary of Waterfront Facility Inspection Results

p— = = = = = — . = — 1

Bulkhead High None

Medium | Replace backfill in areas of washout
Fair

2 Test for microbially induced corrosion (MIC)
Condition

Replace tiebacks in areas where bulkhead is
leaning outward.

Low Remove vegetation growing through weep holes

Continue to monitor damage to the bulkhead as
part of a routine inspection program
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Table 2-1 (Continued) Summary of Waterfront Facility Inspection Results

e ———— e ——

Protection
Medium | None
Satisfactory Low Continue to monitor the shore protection as part of
Condition a routine inspection program.

The above cost estimates consider performance performed concurrently with other repairs and
does not include multiple mobilization costs for the equipment necessary to complete each
individual task.

3. CONCLUSIONS AND RECOMMENDATIONS

The following sections discuss the conclusions, ratings and recommendations of each structure.
Detailed cbservations and photos can be found within the Structure Inspection Forms in Appendix
A

3.1. Bulkhead

The bulkhead is in Fair condition. The sheet pile surfaces above water exhibit minor corrosion
with pitting less than 1/16-inch deep and the surfaces below water typically exhibit minor to
moderate corrosion over 100 percent of the surface area consisting of scaling up to 1/4-inch thick
and pitting up to 1/16-inch deep. Water seepage is evident through the interlocks. Additionally,
isolated areas of Microbial Induced Corrosion (MIC) are present on the sheeting.

Ultrasonic thickness testing on the bulkhead indicate that the sheet piles exhibit varying degrees
of corrosion. Ultrasonic thickness testing indicated that greater than approximately 80 percent of
the existing sheet pile section is remaining. Greater than 25 percent loss of section was measured
at the mudline on the sheet piles between Sta. 7+00 to 8+75.

The bulkhead is leaning outward and/or out of plumb at sta. 3+95, 5+20 to 6+00 and 12+00 to
13+50. This indicates potential issues with the tiebacks and anchoring systems in these areas,
however, this was unable to be confirmed as the anchoring systems are buried in earth behind
the bulkhead. Additionally, the backfill is washed out to varying degrees between sta. 6+10 to
13+50.
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3.2. Shore Protection

The shore protection is in Satisfactory Condition. The steel sheet pile bulkheads exhibited minor
to moderate corrosion with evidence of water seepage between the interlocks on the inner
bulkhead. Above the inner bulkhead, the backfill consists of gravel roads with containment ponds
beyond the roads. The area between the bulkheads consists of sand with light vegetation and
concrete rubble. Additionally, large stone rip rap has been placed along the outside of the outer
bulkhead to provide additional protection from Lake Michigan. Three low areas with minimal scour
protection were noted along the entire length between bulkheads. The shore protection should
continue to be monitored and no repairs are recommended at this time.

3.3. Global Facility Recommendations

The bulkhead and shoreline protection mooring should be periodically inspected as part of a
routine inspection program or following significant events such as severe impacts. Routine
inspections are generally recommended not to exceed 5 years in periodicity for similar structures
in Good Condition per guidelines presented in the American Society of Civil Engineers, Waterfront
Facilities Inspection and Assessment, Manual and Reports on Engineering Practice No. 130, June
2015.

END OF REPORT
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MOORING CELL INSPECTION REPORT FORM PAGE: 1of5
ARI N E PROJECTNO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS SITE: Michigan City LEAD INSPECTOR:
[ CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.

STRUCTURE: | Bulkhead

INSPECTION TYPE:  [1Baseline XRoutine [Special [IDesign
LOCATION: Trail Creek, northeast side of property

WATER SURFACE ELEVATION: 580.7 feet IGLD 1985

CONFIGURATION:

PILE SECTION: PDA32, PDA27

LENGTH: 1350 feet

STATIONING: North to South

TOP OF BULKHEAD ELEV.: 586 feet IGLD 1985

PILE TIP ELEV.: Unknown

CAP: Steel Channel/None DECK: Gravel O to 6+10/Grass 6+10 to 13+50
BACKFILL: Unknown

MOORING FITTINGS: None

GENERAL CONDITIONS:

OGood [ Satisfactory XI Fair [ Poor [ Serious [ Critical | CORROSION:[JSevere [JMajor XIModerate [1Minor CIN/A
SPLIT INTERLOCKS: LlYes/XINo IMPACT DAMAGE: XYes/[INo LOSS OF BACKFILL: XYes/[INo
HOLES: XYes/[INo BROKEN MOORINGS: OYes/XINo LADDER DAMAGE: CYes/XINo

PREVIOUS REPAIRS: None

OBSERVATIONS: SHEET PILE WEB THICKNESS READINGS:
Configuration: NOMINAL: 2 Sections (IN/% Nominal)
1. The bulkhead cap consists of a steel channel from Sta. 0+00 to 9+75. No
cap was observed from Sta. 9+75 to the end at Sta. 13+50. Flange Surface 0.470/97.2%
2. Intake in the bulkhead from Sta. 8+82 to 9+10. St(P%AgS)t Mid-Depth | 0.433/89.5%
.0+ id-De . .
3. Intake/outfall in the bulkhead from Sta. 9+90 to 10+05. @ 7460 ° P i
4. Evidence of tiebacks was observed at 577.5 feet IGLD 1985 from Sta. Bottom 0.447/92.4%
0+00 to 10+05.
5. Wales consisting of two angles at 580.5 feet IGLD 1985 from sta. 10+05 Surf 0.355/94.6%
o 13050 & & Web (PDA32) | >M1o¢® /94.6%
o .
Sta. 0+00to | 14 pepth | 0.328/87.5%
. 7460
Conditions:
1. The channel bottom around the bulkhead consists of sand and silt. Bottom 0.330/88.2%
2. A moderate layer of aquatic growth consisting of zebra/quagga mussels )
typically measuring up to 1 inch thick was noted on submerged | Flange/Web Surface 0.336/89.5%
surfaces. S (PE;AEZ) Mid-Depth | 0.314/83.9%
3. The sheet pile surfaces above water exhibit minor corrosion with pitting ta.13+50 to
+
less than 1/16-inch deep. Bottom 0.317/84.4%

4. The exposed steel surfaces below water typically exhibit minor to
moderate corrosion over 100 percent of the surface area consisting of
scaling up to 1/4-inch thick and pitting up to 1/16-inch deep.




MAR I N E PROJECTNO:  01-18-071
CLIENT: NIPSCO

SOLUTIONS SITE: Michigan City

CREW: J. Guthrie, R. O’Keefe

MOORING CELL INSPECTION REPORT FORM PAGE: 2 of 5

DATE:  06/14/2018

LEAD INSPECTOR:
J. Loftus, P.E.

STRUCTURE: | Bulkhead
ADDITIONAL OBSERVATIONS:

5. The steel sheet piles exhibit isolated areas of microbially induced
corrosion (MIC).

6. The steel sheet piles exhibit minor impact damage of up to 2 inches of
deflection throughout the bulkhead.

7. Evidence of water seepage through the sheet piles at interlocks was
observed throughout.

8. Weep holes in the sheeting from Sta. 1+00 to Sta. 3+00 at 583.5 feet
IGLD 1985 exhibit heavy corrosion with water seepage.

9. Roots growing through weep holes in the sheeting between Sta. 2+70
to Sta. 3+00.

10. Bulkhead leaning outward, up to 6 inches out of plumb, at Sta. 3+95
with a separation in the cap.

11. Area of impact damage 1.5 feet below the top of the cap at Sta. 4+90
measuring 1 foot by 1 foot with 4 inches of penetration.

12. Area of impact damage and a tear in the sheeting 3 feet below the top
of the cap at Sta. 5+00 measuring 1 foot by 4 inches with 4 inches of
penetration.

13. Bulkhead cap deflected upwards up to 5 inches between Sta. 5+20 to
Sta. 6+00.

14. Area of impact damage 1.5 feet below the top of the cap at Sta. 7+00
measuring 2.5 feet by 2 feet with 6 inches of penetration.

15. Area of impact damage 2 feet below the top of the cap at Sta. 7+40
measuring 1 foot by 1 foot with 6 inches of penetration.

16. The wale is detached from the sheeting at Sta. 12+00.

17. Bulkhead leaning outward between Sta. 12+00 to 13+50.

18. The backfill is typically washed out between Sta. 6+10 to 13+50,
measuring 6 inches to 1.5 feet below the top of the bulkhead.

19. The backfill is washed out between Sta. 8+50 to 8+75 measuring up to
2 feet below the top of the bulkhead.

20. The backfill is washed out between Sta. 11+50 to 12+50 measuring up
to 4 feet below the top of the bulkhead.

Typical sheeting below water

Typical sheeting condition below water,
growth removed




MARINE

SOLUTIONS

MOORING CELL INSPECTION REPORT FORM PAGE: 3 of 5
PROJECT NO: 01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO

SITE: Michigan City LEAD INSPECTOR:
CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.

STRUCTURE: Bulkhead

ADDITIONAL PHOTOS:

Root growing in weep hole at Sta. 2+75

Tieback below water Area of MIC on sheeting below water

Corrosion at weep hole at Sta. 1+10




MOORING CELL INSPECTION REPORT FORM PAGE: 40of5
AR I N E PROJECTNO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS SITE: Michigan City LEAD INSPECTOR:
CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.

STRUCTURE: Bulkhead

ADDITIONAL PHOTOS:

Bulkhead leaning outward and separation in the cap at
Sta. 3+95

Area of impact damage at Sta. 4490

hioe &

Cap deflected upward at Sta. 6+00 Area of impact damage at Sta. 7+00




MOORING CELL INSPECTION REPORT FORM PAGE: 50f5
AR I N E PROJECTNO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS siE Michigan City LEAD INSPECTOR:
CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.

STRUCTURE: Bulkhead

ADDITIONAL PHOTOS:

Detached wale at Sta. 12+00 Detached wale at Sta. 12+00

A

Bulkhead leaning outward between Sta. 12+00 to 13+50 ‘ Washed out backfill a Sta. 12+00




MOORING CELL INSPECTION REPORT FORM PAGE: 1 of 4
ARI N E PROJECT NO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS SITE: Michigan City LEAD INSPECTOR:
) I CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.
STRUCTURE: | Shore Protection
INSPECTION TYPE:  [JBaseline Routine [OSpecial [1Design
LOCATION: Lake Michigan west side of property

WATER SURFACE ELEVATION: 580.7 feet IGLD 1985

CONFIGURATION:

PILE SECTION: PDA27, PZ27, PZ38

LENGTH: 2500 feet

STATIONING: North to South

TOP OF BULKHEAD ELEV.: Outer Wall 585 feet IGLD 1984
PILE TIP ELEV.: Unknown

CAP: None

BACKFILL: Sand, Gravel, Concrete Rubble

MOORING FITTINGS: None

GENERAL CONDITIONS:

[OGood X Satisfactory [] Fair [J Poor [ Serious [ Critical
SPLIT INTERLOCKS: LlYes/XINo IMPACT DAMAGE:
HOLES: OYes/XINo BROKEN MOORINGS:

CORROSION:[Severe [(1Major X Moderate C1Minor CIN/A
XYes/[INo LOSS OF BACKFILL: XYes/[INo
OYes/XINo LADDER DAMAGE: CYes/XINo

PREVIOUS REPAIRS: None

OBSERVATIONS: SHEET PILE WEB THICKNESS READINGS:
Configuration: NOMINAL: 3 Sections (IN/% Nominal)
1. The outer bulkhead consists of PDA27 steel sheet piles from Sta. 0+00
to 25+00 driven in the 1930-40’s. PDA27 Outer | Fl2n8e 0.372/99.2%
2. The exterior, lakeside, of the outer bulkhead consists of large rip rap 5
o , ge rip rap Bulkhead 1 \y/qp, 0.383/102%
to 6 feet in diameter along the entire length.
3. The interior, shoreside, outer bulkhead has steel wales and tiebacks | p757 0+00 to Flange 0.364/97.1%
exposed along a majority of the bulkhead, typically at the ground line. 15+00 Inner
4. The inner bulkhead consists of PZ27 steel sheet piles from Sta. 0+00 to Bulkhead Web 0.374/99.7%
15400 and PZ38 steel sheet piles from Sta. 15+00 to 25+00 driven in the
’ Flange (PZ38) | Flange 0.535/107%
1970’s.
15+00 to
Web 0.375/100%
Conditions: 25+00 © / °

1. The outer bulkhead sheet pile surfaces above water exhibit minor
corrosion with no measurable pitting.

2. The outer bulkhead sheet pile surfaces at the waterline typically exhibit
minor to moderate corrosion over 100 percent of the surface area
consisting of scaling up to 1/4-inch thick and pitting up to 1/16-inch
deep.




e e MOORING CELL INSPECTION REPORT FORM PAGE: 2 of4
AR I N E PROJECT NO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS SITE: Michigan City LEAD INSPECTOR:
CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.
STRUCTURE: | Shore Protection
ADDITIONAL OBSERVATIONS:
3. The inner bulkhead sheet pile surfaces typically exhibit minor to

10.

moderate corrosion over 100 percent of the surface area consisting of
pitting 1/32 to 1/16-inch deep.

The outer bulkhead sheet piles upper 6 inches exhibited impact damage
of up to 2 inches of deflection due to driving.

The outer bulkhead tiebacks and wales are broken in several areas. This
is not a structural issue since rip rap has been placed on the exterior of
the bulkhead.

Several section of the upper 4 feet of sheets on the outer bulkhead have
been removed in areas throughout the bulkhead to assist with
drainage.

Evidence of water seepage through the inner bulkhead sheet piles at
the interlocks was observed throughout.

A low area with no significant ground protection was observed between
the bulkheads from Sta. 6+50 to 9+25.

Alow area with no significant ground protection was observed between
the bulkheads from Sta. 10+25 to 12+00.

A low area with no significant ground protection was observed between
the bulkheads from Sta. 16+00 to 21+00.

Overview looking north

ki -
3 ‘,,“,3‘,"‘ L ,;f,; : % Sl
- MJE”‘? > e o %j',”‘. Ay
Overview of the inner bulkhead looking
south

‘TyApic'aI outerlb.ulkhead sheet pile condition
above water




MOORING CELL INSPECTION REPORT FORM PAGE: 3 of 4
AR I N E PROJECTNO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS sE Michigan City LEAD INSPECTOR:
CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.
STRUCTURE: Shore Protection

ADDITIONAL PHOTOS:

Typical impact damage due to driving on the outer bulkhead

P

Removed sheet biles on the outer bulkhead for drainage

Typical condition of tiebacks and wales on heoutr
bulkhead

1
|
|
1
i

Typical inner bulkhead sheet pile condition




MOORING CELL INSPECTION REPORT FORM PAGE: 40f4
ARI N E PROJECTNO:  01-18-071 DATE:  06/14/2018
CLIENT: NIPSCO
SOLUTIONS sE Michigan City LEAD INSPECTOR:
CREW: J. Guthrie, R. O’Keefe J. Loftus, P.E.
STRUCTURE: Shore Protection
ADDITIONAL PHOTOS:

Typical seepage through the sheet piles on the inner

Low area between bulkheads from Sta. 10+25 to 12+00

bulkhead

Low area between bulkheads from Sta. 6+50 to 9+25

Low area between bulkheads from Sta. 16+00 to 21+00
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