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PND Engineers, Inc. 
9360 Glacier Highway, Suite 100 
Juneau, Alaska   99801 
 
ATTN:  Mr. Dick Somerville, P.E. 

Vice President 
 
 
RE:  Inspection  and  Assessment  of  Lutak  Dock, 

Haines,  Alaska 
 
 
 
Dear Mr. Somerville: 

This letter is submitted to document the findings of our recent inspection of the City owned 
portion of the Lutak Dock, located on Lutak Inlet, Haines, Alaska.  The project was carried 
out in support of your ongoing evaluation and rehabilitation project for the structure and 
specifically to focus on any conditions that might cause or contribute to sink holes and loss 
of backfill that is recurring along the deck. 

BACKGROUND 

The portion of the Lutak dock owned by the Borough of Haines was previously inspected by 
Echelon Engineering, Inc. in 2002.  In 2003 repairs to the heavily damaged Closure Arcs 
which included modification of the concrete deck and installation of new supporting H-piles 
were carried out.  Additionally as part of that work, a galvanic cathodic protection system was 
installed on Main Cells Nos. 1 – 11.  The repairs to the Closure Arcs included removal of the 
upper portion of the circular Closer Arc piles and the associated fill above ~El. +2 - 3 ft.  A 
new straight sheet pile closure wall was driven into the closure arc backfill between the Main 
Cells to fill the gap left by the partial closure arc removal.  New H-piles were installed to 
support the modified concrete deck above.  These piles were also driven through the backfill 
near the outer radius of the Closure Arcs.  Sacrificial anodes were installed on upper repair 
section of the closure arcs.  No anodes were installed on the H piles. 
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A re-inspection of the structure was carried out in 2010.  Since then sink holes have 
developed periodically along the length of the structure.  The current investigation was carried 
out to investigate the cause of the settlement and to evaluate the overall condition of the 
structure. 

SCOPE OF INVESTIGATION 

This inspection covered the portion of the Lutak dock owned by the Borough of Haines.  
The steel sheet piling within the eleven Main Cells and the 10 Closure Arcs were 
subjected to Level I, II and III inspection techniques.  Level I visual inspection was carried 
out from the top of the piles to the mudline to identify gross defects such as: visible 
corrosive section loss resulting in perforations; separation of the interlocks between the 
individual sheet piles; any mechanical impact or other damage that may have caused 
breeches in the wall, as well as any accumulation of fill material on the mudline that may 
have been hydraulically transported from behind the wall resulting in void spaces or sink 
holes. 

Additionally, several locations were selected for Level II cleaning, detailed investigation 
and Level III thickness readings.  These piles were selected as representative of the 
submerged conditions of the main cells and closure arcs.  For comparative purposes one 
of the test site locations was included in the previous 2002 inspection.  The other two sites 
were selected after consulting with the PND representative(s) and were based on a review 
of the Level I findings.  Level III ultrasonic thickness testing was conducted at 
representative elevations both above and below water at each site.  The UT readings were 
taken in the upper splash zone, the intertidal zone, at the mudline and at a location in 
between within the submerged zone. 

The inspection also included evaluation of the cathodic protection system which consists 
of sacrificial anodes.  The anodes were evaluated relative to the percentage of their 
volume remaining.  Additionally, a corrosion potential survey was conducted on each of 
the Main Cells and Closure Arcs to measure the level of cathodic protection afforded each 
structure.  The survey was conducted during periods of higher tides so as to evaluate the 
level of protection along the entire length of the pile from the intertidal zone to the 
mudline. 

Representative above water and underwater photographs were also taken to document 
deficiencies and/or typical conditions found. 
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INSPECTION  METHODOLOGY 

Level I visual inspection of the structure was carried out during a period of predicted low tide.  
These lower tides provided above water access for the inspection personnel to view the 
structure close at hand from an inspection skiff.  The underwater portion of the structure was 
also inspected, including the submerged portion of the Main Cells and Closure Arcs from 
~El. 0 ft (MLLW) to the mudline.  Deficiencies identified during the low tide inspection of the 
intertidal and upper portion of the structures were photo documented.  Underwater photos of 
some of the deficiencies and typical conditions associated with the submerged portion of the 
structure were also obtained. 

Due to the dense marine growth (primarily blue muscles and sea urchins) and the silty 
glacial sediments that were contained within the marine fouling, Level II cleaning of the piling 
was carried out prior to the actual inspection.  During the cleaning operations, the 
underwater visibility reduced to near 0 ft. as the glacial sediments contained within the 
animals and/or their attachment matrix was released into the surrounding water.  As shown 
by the accompanying photographs, cleaning prior to inspection allowed for much greater 
visibility of the cleaned piling. 

The surface condition at each of the test sites selected for Level III testing varied.  Some 
locations were smooth enough after scrapping and wire brushing to achieve coupling of the 
ultrasonic transducer.  However, on the majority of the test sites extensive scale and pitting 
was found that required further surface preparation in order to obtain surfaces smooth 
enough to facilitate ultrasonic readings.  This preparation was accomplished using a 
pneumatic grinder to remove surface irregularities such that consistent and repeatable 
thickness measurements could be obtained both above and below water.  Thickness 
readings were obtained using a Cygnus Ultrasonic Thickness gauge.  In addition to the steel 
thickness measurements, localized pit depth measurements at several sites were also 
obtained utilizing a Thorpe Pit Depth Gauge. 

The corrosion potential survey was carried out using a Copper Copper Sulphate reference 
cell specifically maintained for sea water.  The inspection skiff was maneuvered into the 
connection node between the main cell and the original circular closure arc such that the 8 
o’clock position on the main cell and the 4 o’clock position of the closure arc were 
accessible for measurement.  Electrical contact was made with the Main Cell and the Cu2SO4 
reference cell was lowered to the mudline.  Potential readings were taken at five foot intervals 
from the water surface to the mudline. 
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QUALIFICATIONS  OF  INSPECTORS 

The investigation was conducted by a crew composed of professional and technical 
personnel capable and experienced in both the underwater and topside inspection and 
assessment of structural members.  The personnel utilized on this project included the 
following Echelon Engineering staff: 

S.D. Sommerfeld, P.E. Project Manager/Engineer - Diver 
Licensed Professional Engineer - WA, Guam 
29 Years Experience in Marine Structures Inspection and Design 

E.B. Vegsund, B.Sc. Marine Specialist/Biologist - Diver 
B.Sc. in Marine Biology - Emphasis on Marine Biological Studies 
39 Years Experience in Marine Structures Inspection 

S.A. Vegsund Inspection Technician 
14 Years Experience in Marine Structures Inspection 

R.C. Jenson Inspection Technician - Diver 
3 Years Experience in Marine Structures Inspection 

 

OBSERVED  CONDITIONS 

The field investigation was carried out during the interval of April 28 – May 2, 2014.  Weather 
during this period was fair with minimal wind.  Tidal elevations during the daylight inspection 
periods ranged from a low of –3.1 feet (MLLW) to a high of +17.3 feet. (MLLW).  Underwater 
visibility ranged from near 0 ft. during the cleaning and site preparation work to approximately 
10 ft. during inspection activities. 

To facilitate the identification of the test site locations, the Main Cells have been numbered 
consecutively 1–11 from the west end.  Refer to Photo No. 1.  Test site locations have been 
referenced to the Cell number and to the elevation at which the readings were taken. 

Representative photographs depicting typical conditions encountered are presented in 
Appendix A.  A drawing presenting the identification system is presented in Appendix B.  Pile 
thickness measurements as obtained using an Ultrasonic Thickness Gauge, are presented in 
Appendix C, Table 1.  Table 2 of Appendix C presents the data obtained during the corrosion 
potential survey. 
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The findings of the inspection are as follows: 

Main  Cells 

1. The overall condition of the Main Cells No. 1 -11, is fair.  No evidence of perforation of 
the piling was noted and all of the closure knuckles connecting the individual sheets 
were observed to be intact with no evidence of separation. 

2. A variable covering of marine fouling organisms which consisted primarily of blue 
muscles and small sea urchins was found to be typical on the exposed face of the piling.  
In some areas the fouling was so dense as to preclude visual assessment of the wall 
integrity.  In other areas the amount of marine fouling was minimal exposing the steel 
piling and allowing for visual inspection of the member. 

3. Throughout the inspected length of the wharf from Main Cell No. 1 – 11, generalized 
surface scale was evident from the intertidal zone to the mudline.  Inspection did not 
identify any areas of accelerated, active corrosion, typically evident by a bright orange 
color. 

4. Level II spot cleaning found the base metal to be irregular with areas of striation and 
pitting.  Loss of section was evident and based on visual observation the loss of 
thickness was estimated at 1/32 – 1/8 inch.  Refer to Photo No. 7. 

5. A number of drilled construction holes ~3-4 inches in diameter were noted on various 
piles.  These holes were found at various elevations along the length of the piles. 

6. Inspection of the main cells found that each has been outfitted with five sets of sacrificial 
anodes spaced evenly around the curve of the cell and attached to the sheet piles with 
welded connections.  Each set of anodes consists of a vertical channel with five (5) 
anodes spaced evenly from the intertidal zone to near the mudline.  Based on the 
reference drawings provided, the anodes are 250 lb. stand-off anodes.  Refer to Photo 
No’s 3 and 5. 

7. Inspection of the anodes found them to be in overall good condition with an estimated 
75-90% of their volume remaining.  Refer to Photo No. 3. 

8. Level III ultrasonic thickness testing was conducted on three (3) main cells.  Level II 
cleaning and site preparation was carried out using a combination chipping hammer, 
wire brushing and grinding.  Areas at and near the mudline were found to have a very 
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dense and hard layer of scale that was very difficult to remove with hand tools.  This 
layer has incorporated rock and other material that has become bonded into the scale. 

9. All of the selected test sites were found to be in fair condition based on visual inspection.  
Thickness readings were obtained, with difficulty, at several sites without grinding.  
However, the majority of the test sites required grinding of the base metal in order to 
obtain a site smooth enough to obtain readings.  Additionally, due to the uneven surface 
and possible on-going corrosion on the back side of the pile(s), the thickness of the 
members was noted to change considerably over a small area, (i.e. adjacent readings – 
refer to Table 1, Cell 10 readings at -20’). 

10. Thickness readings obtained on the sample piling ranged from a maximum thickness of 
0.400 in. to a minimum of 0.175 inches.  Analysis shows the mean of the readings to be 
0.316 in. with a standard deviation of 0.075 inches.  When compared to the original 
thickness of the piles (i.e. 0.500 in.) this indicates an average loss of ~37%. 

11. Heavy pitting was found at virtually all test sites.  Pit depth measurements were found to 
range from 0.06 in. to 0.20 inches. 

Closure  Arcs  -  Upper  Repaired  Section 

1. The overall condition of the steel sheet piling which comprise the upper repaired portion, 
(i.e. straight portion) of the closure arcs No. 1.5 – 10.5, is good.  The protective 
galvanized coating on these piles was found to be primarily intact in the intertidal zone 
with no evidence of any surface corrosion or scale noted.  Evidence of failed coating, 
and minor surface corrosion was visible in the splash zone of these piles.  And in several 
cases moderate to heavy scale was visible at the tops of these piling. 

2. A variable covering of marine fouling organisms which consisted primarily of blue 
muscles was found to be typical of the exposed lower portions of the piling locate in the 
intertidal zone. 

3. Inspection of these sections of the closure arcs found them to have been outfitted with 
two sacrificial anodes spaced evenly along the wall and attached to the sheet piles with 
welded connections.  Based on the reference drawings provided, the anodes are 250 lb. 
stand-off anodes and are located in the lower intertidal zone. 

4. Inspection of the anodes found them to be in overall good condition with an estimated 
75-90% of their volume remaining. 
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5. Investigation of these upper repaired portions noted that they are not all sealed against 
the main cells.  At five locations there is a visible gap between the end of the wall and the 
Main Cell.  The gaps range from ~2 – 8 inches in width.  Inspection of the gaps identified 
remnants of geotextile fabric in some areas, but no areas of intact fabric.  Additionally, 
the backfill material that was visible consisted of large diameter rock with no evidence of 
any fines.  The gap locations are as follows; 

• Closure Arc 4.5, East End Refer to Photo No. 32 
• Closure Arc 6.5, West End Refer to Photo No. 33 
• Closure Arc 8.5, East End Refer to Photo No’s 31 & 34 
• Closure Arc 9.5, East End Refer to Photo No. 35 
• Closure Arc 10.5, West End Refer to Photo No. 36 

6. Inspection of the toe along these straight portions of wall did not identify any areas of 
apparent migration of backfill.  No mounds or voids were identified along the length of 
any of the repaired sections of the closure arcs that might indicate loss or migration of 
backfill. 

Closure  Arcs  -  Lower  Original  Section 

1. The overall condition of the lower original circular closure arcs is poor.  Numerous 
perforations of the piling were identified in the lower intertidal zone from the current top 
of these structures (~El. +2/3’) to the submerged zone at ~El. -5’.  All of the perforations 
were found along the web of the piles.  No damage or separation of the closure knuckles 
connecting the individual sheets was observed. 

2. As was found on the Main Cells, a variable covering of marine fouling organisms which 
consisted primarily of blue muscles and small sea urchins was found to be typical on the 
exposed face of the piling.  In some areas the fouling was so dense as to preclude visual 
assessment of the wall integrity.  In other areas the amount of marine fouling was 
minimal exposing the steel piling and allowing for visual inspection of the member.  
Refer to Photo No’s 8 and 9. 

3. Throughout the inspected length of the wharf from Closure Arcs No. 1.5 – 10.5, 
generalized surface scale was visible from the intertidal zone to the mudline.  Inspection 
did not identify any areas of accelerated, active corrosion, typically evident by a bright 
orange color. 

4. Inspection of Closure Arc No. 7.5 found that it has failed with at least one of the sheet 
piles noted to have ripped from the top, full length to the mudline.  Investigation of the 
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edges of the perforation noted evidence of both corrosive section loss, as well as plastic 
deformation prior to tensile failure.  Refer to Photo No’s 21 and 22.  A number of 
additional perforations were noted around the perimeter of this closure arc and there is a 
visible lowering of the backfill immediately behind this structure.  Refer to Photo No’s 20, 
23 and 24. 

5. The Level I visual inspection also identified two closure arcs that have been punctured 
during the installation and driving of the newer Steel H-piling that support the renewed 
concrete cap / deck above.  Inspection within the submerged zone found that one flange 
end of the H-pile cross section has perforated the eastern side of Closure Arc No. 8.5 and 
the western side of Closure Arc No. 10.5.  Refer to Photo No. 26.  Additionally, the pattern 
and location of the sheet pile perforations may indicate that the driving of these H-piles 
generated increased pressure behind the wall, increasing the stress on the sheet piles 
resulting in acceleration of the perforation and failure.  Refer to Photo No’s 27, 29 and 30. 

Further investigation of Closure Arc No. 8.5 noted partial failure and apparent lowering of 
the backfill, however the level of the backfill after completion of the repair work 
conducted in 2008 is unknown.  Refer to Photo No. 27. 

6. Level I inspection of the backfill behind the remaining closure arcs noted that the level of 
backfill was at or near the top of the piles.  Additionally, inspection of the mudline found 
no indication of any mounds of material indicating migration of the backfill from behind 
the closure arcs. 

7. Level II spot cleaning found the base metal to be highly irregular with areas of striation 
and pitting.  Loss of section was evident and based on visual observation the loss of 
thickness was estimated at 1/32 – 1/4 inch. 

8. Inspection of the closure arcs did not find any evidence of sacrificial anodes. 

9. Level III ultrasonic thickness testing was conducted on three (3) closure arcs.  Level II 
cleaning and site preparation was carried out using a combination chipping hammer, 
wire brushing and grinding.  Areas at and near the mudline were found to have a very 
dense and hard layer of scale that was very difficult to remove with hand tools.  This layer 
has incorporated rock and other material that has become bonded into the scale. 

10. Based on visual observation, all of the selected test sites were in fair to poor condition 
with very rough, pitted and irregular surfaces.  Thickness readings were obtained, with 
difficulty, at several sites in the intertidal zone without grinding.  However, the majority of 
the test sites required grinding of the base metal in order to obtain a site smooth enough 
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to obtain readings.  Additionally, due to the uneven surface and possible on-going 
corrosion on the back side of the pile(s), the thickness of the members was noted to 
change considerably over a small area, (i.e. adjacent readings – refer to Table 1, Closure 
Arc 9.5 readings at +3’).  Refer to Photo No’s 6 and 8. 

11. Thickness readings obtained on the sample piling ranged from a maximum thickness of 
0.370 in. to a minimum of 0.115 inches.  Analysis shows the mean of the readings to be 
0.231 in. with a standard deviation of 0.071 inches.  When compared to the original 
thickness of the piles (i.e. 0.375 in.) this indicates an average loss of ~38%. 

12. Heavy pitting was found at virtually all test sites.  Pit depth measurements were found to 
range from 0.10 in. to 0.19 inches. 

Continuity  &  Cathodic  Protection  Surveys 

1. A Level III continuity check was conducted at three locations along the structure to check 
continuity between the Main Cells and the Closure Arcs.  The results of the survey indicate 
electrical continuity between the structures.  This continuity indicates that the sacrificial 
anodes attached to the Main Cells are providing protection for the steel piling in the lower 
circular closure arcs. 

2. A Level III corrosion potential survey was also conducted at each Main Cell No. 1-11 and 
at each Lower Closure Arc No. 1.5 – 10.5.  Data obtained shows protective potential 
values relative to a Cu/CuSO4 half cell that are near the -0.850 V criteria for steel in 
seawater. 

Potential values for the Main Cells were found to range from a high of -1.028 V to a low of  
-0.858 V with an overall average of -0.912 V indicating protection of the steel members.   

Potential values for the Lower Closure Arcs were found to range from a high of -0.901 V to 
a low of -0.825 V with an overall average or 0.857 V indicating marginal protection of the 
steel members.  The survey identified three specific lower closure arcs that have readings 
below the -0.850 V criteria.  They are Closure Arc No. 5.5, 7.5 and 10.5.  These cathodic 
protection levels <-0.850 V may not be adequate for full protection in crevice areas.  
Additionally, Calcium carbonate deposits are indicative of full cathodic protection in 
seawater and no deposits were found during this investigation. 

General  Observations 

1. The bottom along the length of Main Cells 1 – 11 was found to slope gradually 
downward from ~El. –13 ft. to ~El. –22 ft.  Glacial sediments were noted predominantly 
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from Cell No. 1 to Cell No. 9, where the composition then changed to primarily small 
rock (~2-4 inch diameter). 

2. Cursory observation of the original steel H-piling (now derelict) located along the berth 
noted areas of severe corrosion and deterioration from the lower intertidal zone to the 
mudline.  These piles were noted to have failed or to be near failure in the heavily 
oxygenated zone of accelerated corrosion from ~El +2 to El. -5’. 

SUMMARY 

In summary, this sample inspection found the overall condition of the Main Cells that 
comprise the Lutak Dock to be fair.  The Cells are covered by dense marine fouling, but no 
perforations of the sheet piles were observed.  Level II cleaning of representative areas to 
remove the fouling and expose the cells to close inspection found no perforations.  General 
surface corrosion and thinning of the individual sheet piles has occurred.  In the Level II 
cleaned sites generalized corrosion has occurred and the surface of the steel is very irregular.  
Level III ultrasonic thickness testing found the thickness to vary significantly from location to 
location.  Thickness readings obtained on the sampled piling ranged from a maximum 
thickness of 0.400 inches to a minimum of 0.175 inches.  Analysis shows the mean of the 
readings to be 0.316 in. with a standard deviation of 0.075 inches.  When compared to the 
original thickness of the piles (i.e. 0.500 in.) this indicates an average loss of ~37%. 

The Main Cells have had a galvanic cathodic protection system added since the previous 
inspection of 2002.  Investigation of the attached CP system found it to be in fair to good 
condition.  The sacrificial anodes retain an estimated 75-90% of their original volume and the 
continuity and corrosion potential surveys confirm that these anodes are providing greater 
than nominal protection of the steel.  The average corrosion potential measurement of the 
Main Cells No. 1 - 11 was found to be -0.912 V. 

The condition of the Closure Arcs was found to be poor.  The sheet piles in the upper 
repaired portions, installed as part of the 2003 construction, were found to be in generally 
good condition.  The galvanized coating on these members was found to be generally intact 
in the intertidal zone.  However, coating deterioration, surface corrosion and heavy scale was 
noted at the top of a number of piles in the area where the CP system is ineffective.  The 
intertidal zone of these piles are protected by two sacrificial anodes which were found to be 
in generally good condition with an estimated 75 -90% of their volume remaining.  Five of 
these upper repaired sections were found to have voids at the end of the new vertical wall 
where they terminate against the main cells.  Voids ranging from 2 – 8 inches were observed.  
Investigation of the material behind the wall identified remnants, but no intact geotextile 
fabric along with large rock.  No evidence of fines within the backfill was evident.  It is 
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assumed that these gaps are most likely responsible for the re-occurring sink holes that 
develop along the dock structure. 

The overall condition of the lower circular Closure Arcs was found to be poor.  Numerous 
perforations of the piling were identified in the lower intertidal zone from the current top of 
these structures (~El. +2/3’) to the submerged zone at ~El. -5’.  All of the perforations were 
found along the web of the piles.  The inspection also identified failure of the No. 7.5 Closure 
Arc, as well as two locations, at Closure Arc 8.5 on the east side and at Closure Arc 10.5 on 
the west side, where the newer H-piling have been driven through the original closure arc 
piling.  The heavy marine fouling present on the structure may have provided cover 
preventing detection of additional damaged areas.  As with the Main Cell piles, Level II 
cleaning of the steel found it to be very irregular and Level III testing found that the pile 
thickness may vary significantly from location to location.  Thickness readings obtained on 
the sample piling ranged from a maximum thickness of 0.370 in. to a minimum of 0.115 
inches.  Analysis shows the mean of the readings to be 0.231 in. with a standard deviation of 
0.071 inches.  When compared to the original thickness of the piles (i.e. 0.375 in.) this 
indicates an average loss of ~38%. 

There are no cathodic protection anodes attached to the lower closure arcs, however, 
continuity and corrosion potential surveys found that these piling are receiving nominal 
cathodic protection against corrosive section loss.  Seven of the Closure Arcs have 
potentials in excess of the -0.850 V criteria for protection.  Three specific Closure Arcs, No. 
5.5, 7.5 and 10.5, were found to have potential readings slightly lower than the -0.850 V 
criteria for steel in seawater relative to a Cu/CuSO4 half cell. 

We sincerely appreciate the opportunity to assist you with this project.  Should you have any 
questions regarding this report, or if we can be of further assistance, please do not hesitate 
to contact our office. 

 
 
Yours Truly, 
Echelon Engineering, Inc. 
 
 
 
Shelley D. Sommerfeld, P.E. 

SDS: jds President 
Enclosures 
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PHOTO  No. 1:

PHOTO  No. 2:

Echelon
Engineering

Lutak Dock, Looking Southwest - Note the arrow indicating the 
division between the western end owned by the Borough of 
Lutak and the eastern portion owned by the State.  Cell 1 is 
located in the distance at the west end of the structure.

Main Cell No. 1, Looking East - Inspection noted that this portion 
of the cell has not been outfitted with any sacrificial anodes.  
The inspection did note on-going surface corrosion in this area. 
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PHOTO  No. 3:

PHOTO  No. 4:
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Main Cell No. 9 - Note the two elevations of sacrificial anodes 
visible above water.  Also note the lower original circular 
closure arcs and the straight repair sections of the closure arcs 
on each side of the main cell.  The arrow indicates a derelict H-
pile that has been made redundant by the maintenance repair 
work.

Closure Arc No. 1.5 Repair - Note the good condition of the 
new steel and the sacrificial anodes that have been estimated 
to retain ~75% of their original volume.
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PHOTO  No. 5:

  PHOTO  No. 6:
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Main Cell No. 4, Anode -
Inspection of the 
submerged anodes found 
them to retain an 
estimated 75-90% of their 
original volume.

Closure Arc No. 
6.5, Test Site -
This Level II and 
Level III Test site is 
located at ~El. +3' 
on the center of 
the cell (i.e. 6 
o'clock position).  
Note the uneven 
surface of the 
steel in the 
cleaned area.



14-2449, Lutak
Page A-4

PHOTO  No. 7:

  PHOTO  No. 8:
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Main Cell No. 6, Test Site -
Note the surface corrosion 
that is visible along the 
edges of the cleaned area 
at this El. 0' test site .  The 
scale at this location is 
typical of the intertidal 
zone and was 
approximately 1/16 to 1/8 
inch thick.   Also note the 
uneven surface of the 
underlying cleaned steel.

Closure Arc 9.5, 
Test Site - This 
location within 
the submerged 
zone, near the 
mudline was 
found to be 
generally clear of 
significant scale 
and smooth 
making Level III 
readings easier to 
obtain.  This 
condition was not 
typical of the 
conditions 
encountered.
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   PHOTO  No. 9:

PHOTO  No. 10:
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Closure Arc No. 
1.5, West Side -
Note the sheet
piles which have 
been cleaned 
showing areas of 
perforation.

Closure Arc No. 1.5, East 
Side - Note the aluminum 
rod inserted into a 
perforation in the sheet 
pile.  Also note the typical 
moderate to heavy coating 
of mussels that is present 
in the intertidal and 
submerged zones which 
hinders visible observation 
of defects.
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PHOTO  No. 11:

PHOTO  No. 12:
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Closure Arc No. 1.5, Looking West - Note the elevation of the 
backfill present behind the original closure arc cell.  
Investigation did not find any evidence indicating loss of fill at 
this location.

Closure Arc No. 2.5, Looking West - Investigation of this closure 
arc found three perforations of the sheet piling but no visible 
loss of backfill.
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PHOTO  No. 13:

PHOTO  No. 14:

Echelon
Engineering

Closure Arc No. 3.5, Looking West - No evidence of perforation 
of the sheet piling or loss of backfill was found associated with 
this circular closure arc.

Closure Arc No. 4.5, Looking West - No evidence of perforation 
of the sheet piling or loss of backfill was found associated with 
this circular closure arc.
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PHOTO  No. 15:

PHOTO  No. 16:

Echelon
Engineering

Closure Arc No. 5.5, West Side - Note the Level II cleaned area 
revealing perforation of the sheet pile.

Closure Arc No. 5.5, East Side - No evidence of perforation was 
identified on the east side of this closure arc.  Note the level of 
the back fill and the overall good condition of the anodes.
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PHOTO  No. 17:

  PHOTO  No. 18:

Echelon
Engineering

Closure Arc No. 6.5, West 
Side - Note the rip along 
the right sheet pile and the 
multiple construction / 
weep holes in the sheet 
pile on the left which have 
both been subjected to 
Level II cleaning.

Closure Arc No. 
6.5, East Side -
Inspection also 
found these two 
sheet piles which 
have also failed 
due to corrosive 
section loss.
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PHOTO  No. 19:

PHOTO  No. 20:

Echelon
Engineering

Closure Arc No. 6.5, Looking West - Note the backfill is level 
with the top of the circular closure arc.  Investigation did not 
identify any evidence of loss of backfill at this closure arc.

Closure Arc No. 7.5, West Side - Investigation found that this
closure arc has failed due to corrosive section loss.  Also note 
the loss of fill at this location.  Investigation of the fill against 
the straight closure arc repair found no evidence of migration 
of the backfill from under the sheet piling.
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PHOTO  No. 21:

PHOTO  No. 22:

Echelon
Engineering

Closure Arc No. 7.5, Failed 
Sheet Pile - Note the knife
edge thinning of the failed 
sheet piling located on the 
east edge of the failure.

Closure Arc No. 7.5, Failed 
Sheet Pile - Note the, thin 
and uneven edge of the 
steel resulting from the 
plastic deformation and 
ultimate tensile failure of 
the pile's web.  Visible 
corrosion and thinning 
were evident on the piles.  
Investigation of the failed 
piles found the tear to 
extend to the mudline.
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PHOTO  No. 23:

PHOTO  No. 24:

Echelon
Engineering

Closure Arc No. 7.5, East Side - Piles with additional perforation 
and failure were also identified on this side of the closure arc.

Closure Arc No. 7.5, Looking West - Note the loss of backfill 
from behind the circular closure arc and the overall good 
condition of the anodes attached to the straight, repair portion 
of the closure arc.
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   PHOTO  No. 25:

PHOTO  No. 26:

Echelon
Engineering

Closure Arc No. 
8.5, East Side -
Note the Level II 
cleaned area in 
front of the H-
pile exposing the 
perforation of 
the sheet pile.  
Also note the 
failure of the 
sheet pile to the 
right indicated by 
the arrow.

Closure Arc No. 8.5, East 
Side - Inspection found 
that the H-pile that 
supports the concrete 
deck, and was installed as 
part of the repair work, has 
been driven through the 
original circular closure arc 
in the submerged zone.  
Note the flange of the H-
pile which is visible outside 
of the sheet piling at this 
location.
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PHOTO  No. 27:

PHOTO  No. 28:

Echelon
Engineering

Closure Arc No. 8.5, Looking West - Note the level of the backfill 
behind the circular closure arc.  No evidence of any loss of fill 
was found associated with this closure arc.

Closure Arc No. 9.5, Looking West - Inspection did not identify 
any perforation or significant loss of fill associated with this 
closure arc.  Note the overall good condition of the anode 
attached to the straight repair portion of the closure.
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PHOTO  No. 29:

  PHOTO  No. 30:

Echelon
Engineering

Closure Arc No. 10.5, West 
Side - Note the perforation 
damage to the three sheet 
piles which have received
Level II cleaning.  
Inspection below water 
found that this western H-
pile has also been driven 
through the sheet piling in 
the submerged zone.

Closure Arc No. 
10.5, East Side -
Investigation of 
the east side of 
this closure arc 
also identified 
damage and 
failure of the 
sheet piling.  
Investigation of 
the back fill did 
note it to be 
slightly lower, but 
no visible 
evidence of loss 
was apparent.
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PHOTO  No. 31:

Echelon
Engineering

Closure Arc No. 8.5 Repair, 
East End - Note the 
repaired section of the 8.5 
closure arc to the right of 
the stadia rod and the 
Main Cell No. 9 on the left.  
The arrows indicate the 
gap between the main cell 
and the east end of the 
repair section.  Note a 
cleaned portion of the 
steel H-pile shown on 
Reference Drawing S-3, 
Detail 8, can be seen just 
above the lower right 
arrow.  The upper right 
arrow indicates a large (~2' 
dia.) rock in the backfill.  
No evidence of any fines or 
intact geotextile fabric was 
visible through this gap.  
Remnants of the geotextile 
fabric was found at the 
bottom of the gap.  This 
condition is typical of the 
locations shown in the 
following series of Photos 
No. 32-36.
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PHOTO  No. 32:

Echelon
Engineering

Closure Arc No. 4.5 Repair, 
East End - Note the gap 
between the steel H-pile, 
designed to terminate and 
seal the end of the closure 
repair, and the main cell.  
No evidence of any intact 
geotextile fabric or any 
fines was visible through 
the gap.
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PHOTO  No. 33:

Echelon
Engineering

Closure Arc No. 6.5 Repair, 
West End - Note the gap 
between the steel H-pile, 
designed to terminate and 
seal the end of the closure 
repair, and the main cell.  
No evidence of any intact 
geotextile fabric or any 
fines was visible through 
the gap.
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PHOTO  No. 34:

Echelon
Engineering

Closure Arc No. 8.5 Repair, 
East End - Note the gap 
between the steel H-pile / 
end sheet pile and the 
main cell.  No evidence of 
any intact geotextile fabric 
or any fines was visible 
through the gap.  (Also 
shown in Photo No. 31).
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PHOTO  No. 35:

Echelon
Engineering

Closure Arc No. 9.5 Repair, 
East End - Note the gap 
between the steel H-pile, 
designed to terminate and 
seal the end of the closure 
repair, and the main cell.  
No evidence of any intact 
geotextile fabric or any 
fines was visible through 
the gap.



14-2449, Lutak
Page A-21

PHOTO  No. 36:

Echelon
Engineering

Closure Arc No. 10.5 
Repair, West End - Note 
the gap between the last 
steel pile and the main cell.  
No evidence of any intact 
geotextile fabric or any 
fines was visible through 
the gap.
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\2449-TBL.xlsx,  UT Readings ECHELON  ENGINEERING,  INC.

TABLE   1

STEEL  THICKNESS  DATA

ID No. Location Elev. Reading 1 Reading 2 Reading 3 Reading 4 Average

2
6 o'clock 
Position

+8' 0.340 0.340 0.340 0.340

4
4 o'clock 
Position

+3' 0.225 0.225 0.225 0.225

-12' 0.390 0.390 0.395 0.392

6
6 o'clock 
Position

0' 0.375 0.380 0.370 0.375

10
6 o'clock 
Position

+8' 0.400 0.395 0.400 0.398

+4' 0.360 0.375 0.365 0.367

0' 0.205 0.210 0.210 0.208

-12' 0.295 0.315 0.285 0.298

-20' 0.175 0.190 0.183

-20' 0.305 0.355 0.340 0.333

3.5
8 o'clock 
Position

+3' 0.245 0.250 0.250 0.250 0.249

+8' 0.295 0.245 0.240 0.245 0.256

-21' MDL 0.235 0.235 0.210 0.227

6.5
6 o'clock 
Position

+3' 0.150 0.280 0.125 0.185

-3' 0.220 0.220 0.225 0.222

-24.5' 0.360 0.360 0.370 0.363

8 o'clock 
Position

+2' 0.115 0.115 0.120 0.188 0.135

9.5
8 o'clock 
Position

+3' 0.150 0.150 0.150 0.150 0.150

+3' 0.185 0.215 0.220 0.250 0.218

-7' 0.245 0.250 0.185 0.245 0.231

-21' 0.235 0.350 0.350 0.355 0.323

CLOSURE  ARCS

MAIN  CELL or ULTRASONIC  THICKNESS  READINGS, (inches)

CLOSURE  ARC Elevation of Reading

MAIN  CELLS
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\2449-TBL.xlsx,  CP Survey ECHELON  ENGINEERING,  INC.

TABLE  2

CORROSION  PROFILE  DATA

Surface -5' -10' -15' -20' -25'

8 o'clock 
Position

0.978 0.948 0.928 0.905 0.893 0.898 / MDL

4 o'clock 
Postion

0.869 0.869 0.866 0.857 0.855 .850 / MDL

8 o'clock 
Position

1.028 0.990 0.980 0.965 0.945 .968 / MDL

4 o'clock 
Postion

0.897 0.897 0.901 0.893 0.890 0.848 / MDL

8 o'clock 
Position

0.941 0.909 0.909 0.902 0.911 .939 / MDL

4 o'clock 
Postion

0.860 0.860 0.860 0.859 .858 / MDL

8 o'clock 
Position

0.941 0.938 0.926 0.920 0.905 .905 / MDL

4 o'clock 
Postion

0.868 0.868 0.869 0.870 .863 / MDL

8 o'clock 
Position

0.918 0.895 0.871 0.863 0.858 .859 / MDL

4 o'clock 
Postion

0.850 0.847 0.846 0.835 0.835 .838 / MDL

8 o'clock 
Position

0.888 0.913 0.912 0.953 0.946 .912 / MDL

4 o'clock 
Postion

0.854 0.858 0.865 0.870 0.867 .870 / MDL

CLOSURE  ARC  2.5

CELL 3

CLOSURE  ARC  3.5

CELL 4

CLOSURE  ARC  4.5

CELL 5

CLOSURE  ARC  5.5

CELL 6

CLOSURE  ARC  6.5

POTENTIAL  READINGS, (V)  *All readings are to Cu/CuSO4

Reading Elevation (ft)

CELL 1

CELL 2

READING   
LOCATION

CLOSURE  ARC  1.5
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\2449-TBL.xlsx,  CP Survey ECHELON  ENGINEERING,  INC.

TABLE  2

CORROSION  PROFILE  DATA

Surface -5' -10' -15' -20' -25'

POTENTIAL  READINGS, (V)  *All readings are to Cu/CuSO4

Reading Elevation (ft)

 

READING   
LOCATION

8 o'clock 
Position

0.893 0.881 0.883 0.894 0.900 .910 / MDL

4 o'clock 
Postion

0.832 0.830 0.838 0.836 .845 / MDL

8 o'clock 
Position

0.923 0.912 0.926 0.900 0.901 .912 / MDL

4 o'clock 
Postion

0.882 0.864 0.861 0.859 0.859 .860 / MDL

8 o'clock 
Position

0.910 0.921 0.918 0.924 .911 / MDL

4 o'clock 
Postion

0.855 0.860 0.865 0.857 .857 / MDL

8 o'clock 
Position

0.880 0.884 0.887 0.895 0.890 .887 / MDL

4 o'clock 
Postion

0.830 0.827 0.825 0.837 0.829 .828 / MDL

8 o'clock 
Position

0.880 0.905 0.883 0.887 0.875 .869 / MDL

CELL 11

CELL 8

CLOSURE  ARC  8.5

CELL 9

CLOSURE  ARC  9.5

CELL 10

CLOSURE  ARC  10.5

CLOSURE  ARC  7.5

CELL 7
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