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1.0 INTRODUCTION 

As requested by Massport (MPA), Bourne Consulting Engineering, PC (BCE) has performed an 
inspection of the North Jetty Marine Terminal in South Boston, MA.  The inspection included all pier 
elements including: concrete deck, concrete pile caps, concrete pile extensions, steel piles, steel sheet pile 
bulkhead, mooring fixtures, and fenders. This report presents inspection findings, conclusions, load 
assessment, and repair alternatives with recommendations.  
 
2.0 PURPOSE 

The purpose of this inspection was to document the existing conditions at the North Jetty Marine 
Terminal, identify any safety or structural concerns, perform a load assessment of the pier and, develop 
recommended repairs. MPA has identified concerns with the capacity of the mooring bollards located 
inshore of the bulkhead and the live load capacity of the pier relative to current uses.  Inspection findings 
will be used to identify operational constraints, develop and prioritize repairs and prepare repair cost 
estimates.  
 
3.0 EXISTING SITE DESCRIPTION 

The North Jetty Marine Terminal is located on Fid Kennedy Avenue in South Boston and is adjacent to 
and north of Black Falcon Pier.  The pier is approximately 60’ wide by 830’ long, and is steel pile 
supported, with concrete pile caps and concrete deck. The steel H-piles are connected to the concrete pile 
caps by reinforced concrete pile extensions that extend from between EL. -4 MLW and EL. -8 MLW up to 
the pile caps.  

The pier has 636 piles in 69 Bents, numbered from 59 to 93A. Each Bent has an east and west sub-bent of 
piles. The sub-bents are spaced at 6’ O.C. along the entire length of the pier.  There are 4 vertical piles per 
sub-bent and 1 batter pile every other sub-bent. The piles are labeled “A” to “D”, with “A” being the most 
outshore pile and “D” being the most inshore pile. Expansion joints are located between Bents 61A and 
62, 73A and 74, and 84A and 85.  See Exhibits 1A, 1B, and 1C for pier layout information. See Exhibit 2 
for an aerial site photo of the pier. 

The superstructure of the pier is constructed of reinforced concrete with pile caps running east-west for 
the length of the pier, and deck beams running north-south at each numbered Bent. There are additional 
deck beams located directly below the location of former crane rails in the deck that run parallel to the 
pile caps along the entire length of the pier.  

A steel sheet pile bulkhead with a reinforced concrete pile cap runs along the inshore edge of the pier and 
retains fill at the transition to the shore. Lateral support for the bulkhead is provided by the pier deck, and 
in turn by the batter piles located on the outshore face of the pier at 12’ O.C. A riprap slope begins at the 
toe of the bulkhead and extends down to mudline at the outshore face of the pier.  The exposed height of 
the bulkhead is approximately 10 feet above the top of the riprap slope.  

Various types of mooring fixtures including bollards, double bits, padeyes, and cleats are located 
approximately every 48’ along the outshore face of the pier. The bollards are through-bolted to the 
concrete deck. Eight (8) additional mooring bollards with independent concrete foundations are located 
directly inshore of the steel bulkhead.  

The fender system consists of twelve panel fenders located every 60’ along the outshore face of the pier. 
Each fender has two energy absorbing rubber elements, three upper and lower chains, and a steel panel 
with UHMW fender facing. Fenders are outfitted with upper and lower chains to minimize rotation of 
fender elements during vessel berthing. 

Throughout the 1990’s the site was used as a staging area for the Big Dig. The pier is currently used only 
sporadically for berthing naval vessels and other vessels requiring temporary berthing. The pier deck is 
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completely blocked off to public access with a combination of concrete jersey barriers and fencing.  
 
4.0 REVIEW OF EXISTING INFORMATION 

 
4.1 Review of Existing Information 

A summary of existing available drawings and reports is shown in Appendix A. 

A summary of the history of the pier is as follows: 

Early  
1940’s Constructed by Merrit Chapman & Scott Corp. 

1953 Approx. 110 defective pile extensions replaced, primarily on the “A” and “B” lines 

1955 Approx. 55 defective pile extensions replaced, on the “D” pile line 

1979 Storm damage to timber fender system repaired  

1981 West end of the pier from bent 94 to 99 demolished  

1985 Major rehabilitation including repairs to pile extensions, underside of deck, steel 
bulkhead and installation of cathodic protection (sacrificial anodes) on the “A” and “B” 
pile lines  

 
4.2 Review of Existing Drawings 

2005 Survey Plans by Parsons Brinkerhoff Quade & Douglas, Inc.  

Schematic plans and sections of the pier structure used for inspection purposes. Plans show pile 
layout with bent spacing and, mooring bollard and fender locations. 
 

4.3 Review of Previous Reports 
 
Report Excerpt, “Evaluate Wharf for Uniform Live and Truck Loads” by Fay, Spofford, and 
Thorndike, June 2001 

A summary of findings and conclusions from the report are as follows: 
 Pier was analyzed for the dead load of the structure and a live load of 500 PSF or HS20 Truck 

Loading as well as berthing loads 
O Controlling load was 500 PSF uniform live load with horizontal earth pressures from the 

bulkhead and the load of a berthing Handysize vessel 
O Controlling element of the pier was the batter piles at 92% of allowable capacity in as-built 

condition.  
 

Report, “Underwater Inspection & Assessment at Massport Marine Terminal South Boston, 
Massachusetts” by Appledore Marine Engineering, Inc., December 2005 

A summary of findings and conclusions from the report are as follows: 
 Piles 

o H-piles in fair condition with an average uniform section loss of 23% 
o 53 piles exhibited greater than 33% section loss 
o 32 piles exhibited advanced deterioration with severe corrosion found directly below the 

concrete jackets. 
o Minor to moderate pitting was found on all piles 
o Anodes were welded onto “A” and “B” piles 

 Typically 50% to 100% depleted 
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O Voltage potential readings show that the piles are actively corroding  
 Bulkhead 

O Fair condition with an average section loss of 14% at mudline, and moderate  pitting of the 
steel 

O Corrosion holes were concentrated between bents 85 and 93A 
O Voltage potential readings show that the bulkhead are actively corroding  

 
Report, “Massport Marine Terminal North Jetty Inspection and Condition Assessment” by 
Parsons Brinkerhoff Quade & Douglas, Inc., January 3, 2006 

The report titled “Underwater Inspection & Assessment at Massport Marine Terminal South Boston, 
Massachusetts” by Appledore Marine Engineering, Inc., December 2005, was incorporated into this 
report, and all underwater findings are as described above.  

A summary of the above water findings can be seen below as follows:  
 Concrete Pile Extensions and Encasements  

o A large portion of the 645 pile extensions found during inspection were in satisfactory 
condition above MLW with minimal section loss of concrete  

o 27 extensions exhibited approximately 50%  section loss 
o 50 extensions exhibited 100% loss of concrete section with only steel reinforcing remaining, 

typically located at the western end of the pier 
o All concrete section loss was concentrated in the top 3’ of the pile extension 

 Sheet Pile Bulkhead 
o Holes typically found at approximately elevation +2 MLW and were more concentrated at the 

western end of the bulkhead 
o Concrete pile cap at the top of the bulkhead was found to be in fair condition, and has 

experienced settlement between 3 and 6 inches along the length. 
 Settlement was documented in previous inspections and is likely due to overloading 

in the area 
 Superstructure (pile caps, deck beams, and underside of deck) 

o Fair condition with approximately 350 LF of spalling or delamination on the underside of 
beams and 700 SF of spalling on the underside of decking 

o Previous repairs observed include epoxy crack injections and shotcrete concrete repairs 
 Most previous repairs were in fair condition 

o Delaminated and/or spalled concrete was observed on the underside of pile caps, decking, and 
cross beams. 

o Random cracking up to 1/8” wide was found throughout the deck 
o Lateral displacement of approximately 6” was found at the west-most expansion joint 

 Likely due to the advanced deterioration of pile extensions in this area 
o Concrete fascia was in fair condition with spalling on approximately 15% of the surface 

 Deck (Topside) 
o Fair condition with approximately 8,000 SF of delaminated, spalled or abraded concrete 
o Asphalt overlay covered approximately 20% of the deck, and was in satisfactory condition. 
o Approximately 300 LF of spalling and concrete abrasion on outshore curb  
o Minor, random cracking found in most of the pier, typically between 1/16” and 1/8” wide 

 Fender System 
o Satisfactory condition with only minor deficiencies 
o A few weight and shear chains were failed 

 Mooring Fixtures 
o Bollards, double bits, and pad eyes were in satisfactory condition with only minor corrosion 

found 
o Mounting hardware on all fixtures was in fair condition with moderate to heavy corrosion. 
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A summary of findings and conclusions from the report is as follows: 

 Piles and Pile Extensions 
o No significant difference was found between the previous inspection performed in 

2001 by Fay, Spofford & Thorndike 
 Fenders 

o Fair condition with a few locations having missing UHMW paneling or failed chains 
o Recommended that 2 failed fender chains be repaired 

 Bollards 
o All mounting hardware had moderate corrosion with 4 locations having heavy 

corrosion 
o The east most bollard had severely spalled concrete at the base with exposed rebar 
o All bollards except the east-most were in usable condition 

 
5.0 SITE INVESTIGATION 

5.1 Investigation of Pier 

BCE performed an above and below water inspection of the pier deck, superstructure, pile extensions, 
and piles as well as a visual inspection of the fender system and mooring fixtures.  

The investigation included the following: 

 Above water inspection of the pile extensions, pier superstructure, fender system, and 
bulkhead  

 Topside inspection of the concrete pier deck and both pier and landside mooring bollards 
 Underwater inspection H-piles, pile extensions, and steel bulkhead with steel thickness 

readings in the same locations as the previous report. Underwater inspection included the 
following: 

o Cleanings and detailed inspection of approximately 10% of piles 
o Steel thickness measurements at 3 elevations of approximately 5% of piles 
o Steel thickness readings every 100’ along the bulkhead 

The inspection did not include any destructive testing or other opening up of the structure.  A 
photographic record of the existing conditions both above and below water was also made and can be 
seen in Appendix B.  

5.2 Topside of Concrete Deck Condition 

A majority of the existing deck surface was in fair condition with concrete spalling and previous 
repairs that are failing. The majority of concrete repairs, which consisted of a thin grey skim coating 
on the deck, were delaminated from the deck surface or had alligator cracking. A large area of the 
deck was covered in an asphalt overlay that runs along the inshore edge of the pier, and two large 
strips run from the inshore edge to the outshore edge. The majority of the asphalt is in fair to good 
condition with minimal cracking and heaving.  

Many tripping hazards were present in the concrete deck surface including missing drain covers, 
heaved pavement at the expansion joints, and many other deck imperfections. Two of the three pier 
expansion joints found during the inspection were paved over with asphalt that was heaved causing a 
tripping hazard. The one remaining expansion joint was missing all of its compression filler resulting 
in an opening through the pier deck that forms a tripping hazard.  Another common tripping hazard 
was missing or broken deck drain covers that were found sporadically throughout the pier footprint. 

Cracks running perpendicular to the pier face were common at roughly 12’ O.C. Most of these cracks 
appear to have been previously filled with epoxy joint filler; the filler was in fair to poor condition at 
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most locations.   

Concrete curb along the outshore edge of the pier was typically in fair condition, with localized areas 
in poor condition. Spalling was common on the outshore face of the curb throughout the pier. Many 
previous repairs have been made to the curb and repairs were mostly in fair to poor condition with 
some spalling and exposed rebar.  

Conditions found on the topside of deck include the following: 

 approximately 400 LF of cracking in the deck 
 approximately 979 SF of concrete spalling  
 approximately 2,110 SF of concrete scaling  
 approximately 6,130 SF of failed repair 
 approximately 150 LF of concrete curb spalling 
 19 missing or broken deck drain covers 

5.3 Expansion Joint Condition 

Expansion joint condition ranged from good to poor. Spalling of concrete adjacent to the expansion 
joints was common and most filler material was missing from the joints. Two of the three expansion 
joints have been paved over with asphalt paving, making detailed inspection difficult.  Conditions 
found during the inspection include the following: 

 Eastern Expansion Joint (between bents 62 and 61A): 
o Good condition but no joint filler present 
o Galvanized angle on both sides of joint in good condition 
o Joint was evenly open for entire length, ±1 ½” (1” wider than ADA requirement) 

 Middle Expansion Joint (between bents 74 and 73A): 
o Fair to poor condition  
o Joint was completely paved over making detailed inspection difficult 
o Severely deteriorated joint filler material was visible at the outshore end 

 Western Expansion Joint (between bents 85 and 84A): 
o Poor condition 
o Joint was partially paved over making detailed inspection difficult 
o Severely deteriorated joint filler material was visible at the outshore end 
o The west-most section of the pier was outshore of the adjacent pier section by 

approximately 6-3/4” (compared to 6” noted in previous inspection in 2005). 
o Joint has opened unevenly with separation of ±2-1/4” at the outshore side and ±1-

3/8” at the inshore end. 

5.4 Underside of Concrete Deck Condition 

The underside of the pier deck was in good to fair condition with localized areas of advanced 
deterioration. Deterioration was typically concentrated on the inshore most panels, between pile lines 
“C” and “D” and from bents 85 to 91A. Conditions found during the inspection include the following: 

 approximately 35,810 (92%) square feet of the underside of the deck was rated in good 
condition 

o All concrete was sound with spalling smaller than 6” square 
o Many panels had rust staining but no visible corrosion of rebar or spalling  
o Most panels had varying amounts of cracking that runs parallel to the pile bents with 

efflorescence at the crack 
 approximately 3,210 (8%) square feet of the underside of the deck was rated in fair condition 

o Spalled concrete over a significant area of the slab  
o Exposed rebar with minor to moderate corrosion  
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5.5 Concrete Pile Cap Condition 

Most concrete pile caps were in good condition with localized areas of moderate to severe 
deterioration. Pile cap deterioration was concentrated at expansion joints and along the “A” pile line.  
Conditions found during the inspection include: 

 approximately 2,322 LF (93%) of the pile cap was in good condition 
o Minimal rust staining or surface abrasion 
o Concrete was sound with no visible corrosion of rebar 

 approximately 90 LF (4%) of the pile cap was in fair condition 
o Small areas of spalling with minimal rebar corrosion behind 
o Moderate rust staining likely due to corroding rebar  
o Remaining concrete still sound 

 approximately 78 LF (3%) of pile caps were in poor condition 
o Severely corroded rebar with  concrete section loss beyond the rebar 
o Remaining concrete is soft on the surface with more sound concrete behind  

 
5.6 Concrete Deck Beam Condition 

Most concrete deck beams were in fair to good condition and localized areas of moderate to severe 
deterioration. The deterioration was spread out fairly evenly throughout the pier. Conditions found 
during inspection include the following:  

 approximately 988 LF of deck beam (31%) was in good condition 
o Minimal or no exposed rebar 
o Occasional localized spalling on the underside of the beam 

 approximately 1,813 LF of deck beam (58%) was in fair condition 
o Partially exposed rebar on the underside of the beam  
o Occasional spalling on the sides of the beam with rust staining common 

 approximately 339 LF of concrete deck beam (11%) is in poor condition 
o Fully exposed rebar on the bottom of the beam with moderate to severe corrosion 
o Spalling on the sides of the beam with exposed rebar 
o Crumbling concrete on the underside of the beam 

 
5.7 Concrete Track Beam Condition 

Most concrete track beams were in fair to good condition and small localized areas in poor condition. 
Deterioration of the track beams is of minimal structural concern, as the crane rails have been 
removed from the pier deck. The majority of deterioration was located on the track beam between pile 
lines “A” and “B”. Conditions found during inspection include the following:  

 approximately 712 LF of deck beam (43%) was in good condition 
o Minimal or no exposed rebar 
o Occasional localized spalling on the underside of the beam 

 approximately 888 LF of deck beam (53%) was in fair condition 
o Partially exposed rebar on the underside of the beam  
o Occasional spalling on the sides of the beam with rust staining common 

 approximately 60 LF of concrete deck beam (4%) is in poor condition 
o Fully exposed rebar on the bottom of the beam with moderate to severe corrosion 
o Spalling on the sides of the beam with exposed rebar 
o Crumbling concrete on the underside of the beam 

 
5.8 Concrete Pile Extension Condition 

All piles had a concrete pile extension consisting of a reinforced concrete column that connects the 
steel pile to the deck structure.  All of these have been previously repaired.  Most concrete pile 



North Jetty Marine Terminal   July 2015 
Inspection and Condition Assessment 

 

extensions were in good condition, with a small number in fair, poor, or failed condition. Pile 
extensions in fair condition were spread out sporadically throughout the structure however, extensions 
with advanced deterioration were concentrated towards the western end of the pier between bents 89A 
and 93A and along the “A” pile line. Damage was typically concentrated within ±2’ of Mean High 
Water (MHW). Below water, no significant deterioration was found. Conditions found during 
inspection include the following:  

 530 (83%) pile extensions were in fair to good condition with between 5% and 10% section 
loss of concrete and no exposed rebar 

 54 (8%) of pile extensions were in fair condition with 10% to 25% section loss and some 
exposed rebar 

 16 (3%) of pile extensions were in poor condition with 25% to 50% section loss of concrete 
with exposed rebar that is corroded 

 5 (1%) of pile extensions were in serious condition with greater than 50% section loss of 
concrete and heavily corroded exposed rebar. 

 31 (5%) of pile extensions were in failed condition with 100% section loss of concrete and 
heavily corroded or failed rebar remaining. 

 Deterioration was concentrated at the west end of the pier between bents 89A and 93A 
o 23 of the 31 failed pile extensions were located between  bents 89A and 93A 
o All of the 5 pile extensions that were in very poor condition lie between bents 91 and 

93A 
o 14 of the 16 pile extensions in serious condition were located between bents 90A and 

93A  

5.9 Steel Pile Condition 

The steel H-Piles were in overall good condition with a small number in fair or poor condition. Little 
to no remains of the sacrificial anode cathodic protection system were found. All pile extensions had 
approximately 3’ of fabric form, left over from the installation of the pile extensions, hanging down 
around the pile. Deterioration was almost exclusively located under this fabric at the bottom of the 
concrete pile extension. The combination of the abrasive fabric with the constant wave action under 
the pier caused the pile in this area to be rubbed clean of corrosion and has likely accelerated 
deterioration in this part of the pile. Damaged piles were concentrated towards the “A” and “B” pile 
lines between bents 87A and 93A.  Conditions found during the inspection include the following: 

 585 (92%) of steel H-piles were in good condition with limited to no knife edging or flange 
bites 

 46 (7%) of piles were in fair condition with between 10% and 25% section loss due to flange 
bites, knife edging and/or corrosion 

o Large flange bits with 75% of the flange missing 
 3 (Less than 1%) of piles were in very poor condition with greater than 50% section loss 

o No flange remaining due to flange bites 

Steel thickness measurements on a select group of piles indicate the average section loss per pile is 
approximately 40% and the average corrosion rate, since construction, of approximately 1.5 mils per 
year.  However, since the previous measurements were taken in 2005, it appears that the corrosion 
rate has accelerated to approximately 5 mils per year. This dramatic acceleration is likely due to the 
complete absence of protective coatings or cathodic protection on the piles.  

5.10 Steel Bulkhead & Pile Cap Condition 

The steel bulkhead inshore of the pier was in overall fair condition with corrosion holes found 
throughout. Localized areas of severe deterioration were found at the western end with large 
corrosion holes with active fill loss occurring through the bulkhead. Approximately 200 LF of 
bulkhead had corrosion holes located between +2 and +4 MLW and had water actively draining 
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through the holes. Most holes were less than 1’x1’ and typically ranged from 3” square and 9” square. 
No weep holes were found during the inspection. 

The steel bulkhead between the pier and the riprap slope to the north, was in very poor condition with 
large corrosion holes. The bulkhead in this area has corroded out from under the pile cap and the cap 
is supporting its own weight. Just inshore of the remains of the bulkhead is a washout approximately 
6’ deep.  

The pile cap was in fair condition with localized areas in poor or failed condition. Typical conditions 
found during the inspection include spalling with exposed rebar. In the previous report (2006) 
settlement of the pile cap at the western end was estimated to be 3” to 6”. This settlement was not 
visible from the topside.  At the western expansion joint approximately 6’ of the pile cap was failed 
and a sink hole was present behind the opening.  Two other sink holes were found towards the 
western end of the pier, immediately behind the pile cap, and are likely due to localized failure of the 
pile cap. Conditions found during the inspection include the following: 

 Approximately  80 LF of bulkhead had corrosion holes ranging in size from a pin hole up to 
1’x1’ with a visible void present behind most holes 

Steel thickness measurements at select locations on the bulkhead indicate an average section loss of 
average corrosion rate, since construction, of approximately 2 mils per year, which is typical for the 
water conditions in Boston Harbor. Since the previous measurements were taken in 2005, it appears 
that the corrosion rate of the bulkhead has increased significantly from the long-term average to 
approximately 10 mils per year.   

5.11 Fender System Condition 

The fender system was in overall good to fair condition with minimal damage to the fender units. 
Conditions found during the inspection include the following: 

 Upper Fender Chains  
o Overall in good condition with minimal loss of coating.  
o 1 upper chain was broken 
o All remaining upper chains were in good to condition with minimal corrosion 

 Lower Fender Chains  
o Overall in poor condition with moderate to severe corrosion present throughout. 
o 9 lower chains were broken or missing 
o The remaining 27 chains were all in poor condition 

 Hardware 
o All hardware was in good to fair condition with minor to moderate corrosion 
o No missing hardware was found 

 Rubber Units 
o Typically in good condition with only minimal weathering present 
o Most units have pulled away from the pier 1/8” to ¼” at the top  
o 1 rubber unit was cracked   

  Fender facing was in overall fair condition with some gouging and scratching. 
o All fender facing that was still in place appeared to be firmly attached. 
o 5 – 1’x1’ pieces of UHMW fender facing was missing. 

5.12 Mooring System Condition 

The pier mounted mooring fixtures were typically in fair condition while the mounting hardware 
ranged from fair to poor condition. Concrete spalling with exposed rebar at the base of the mooring 
fixture was common throughout the pier, but varied significantly in severity. During an inspection in 
June of 2012, the bollards at each end of the pier were found to be in poor condition and not 
recommended for use. Since 2012 no known repairs have been made to the bollards.  
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The landside mooring bollards ranged from good to failed condition. A total of 8 landside bollards 
were found during the inspection. See Exhibit 2 for bollard locations. The two bollards at the west 
end of the pier were failed, but have been recently replaced with two new bollards installed inshore of 
the old ones.  Conditions found during the inspection include:  

 Pier mounted mooring fixtures: 
o 10 were in fair condition with moderately corroded mounting hardware or exposed 

rebar at the base 
o 3 were in fair condition, but had moderate to severe corrosion of the mounting 

hardware 
o 2 were in poor condition with severely corroded mounting hardware and/or exposed 

and corroded rebar at the base with spalling 
 Landside bollards (Bollard # as shown on Exhibit 2): 

o 4 (#1, 2, 5 and 6) were in good condition with minimal corrosion or loss of coating.  
 No visible deterioration of the concrete at the base was found.   
 Concrete inside the bollard was sound 

o 1 (#3) was in fair condition with approximately 50% coating loss. 
  The bollard was leaning 1”-2”. Asphalt pavement was present at the base of 

the bollard covering the foundation.  
 Concrete inside the bollard was sound 

O 1 (#4) was in poor condition with no coating remaining. 
  The top 1’-2’ of the bollard appeared to be previously broken off. 
  The remaining concrete inside the bollard was sound 

O 2 (#7 and #8) were in failed condition 
 Located directly next to the bulkhead at the west end of the pier 
 No foundation remaining 

 
6.0 LOAD ANALYSIS 

BCE has no details of the reinforced concrete deck structure and, due to the limited information, load 
assessment of the pier was based on the steel pile capacity only. Previous reports by Fay Spofford and 
Thorndike and Parsons Brinkerhoff found the pier deck to be the limiting structural element for load 
capacity.  There appear to be minimal changes in the reinforced concrete deck condition since the 
2006 inspection by Parsons Brinkerhoff and it seems reasonable to assume that the limiting deck 
structure capacity is largely unchanged at 500 PSF.   This assumption should be reviewed and further 
analysis performed for the potential impact of missing piles if no repairs are made. 

6.1 Steel Pile Load Capacity 

In 2006, the piles were estimated to provide a live load capacity of 1,150 PSF in as-built condition, 
and 850 PSF in the 2006 condition. Steel pile analysis assumed that three observed conditions will 
directly impact the pile capacity: 

1. Condition of the concrete extension at the top 

Concrete extensions in critical or failed condition no longer provide any effective support.  
For the purposes of this review, concrete extensions in poor condition were also assumed to 
provide no effective support. 

2. Localized severe section loss (“flange bites”) below the concrete extension 

Piles with localized severe section loss were analyzed and this was not found to be the 
limiting condition 

3. Overall gradual section loss over the length of the pile 

Using an average section loss of 40%, the estimated remaining capacity of the piles provides 
a deck live load capacity of 600 PSF providing effective pile spacing remains at 6 feet O.C. 
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However, in many locations the pile extension has failed (or is in poor condition) and, the 
live load capacity of the deck is reduced to 300 PSF due to the increase in tributary area to the 
remaining piles. See Exhibit 3 for load limited area plan.   

6.2 Overall Load Analysis 

Based on the above review and review of previous analysis of the pier structure, it is estimated that 
the pier deck between bents 59 and 89 has a live load capacity of 500 PSF with limited areas of 300 
PSF.  

Even areas limited to 300 PSF have more than sufficient live load capacities for pedestrian loads and 
for normal use truck loads but the assumptions on deck beam capacity should be verified if these 
areas are to be subjected to truck or other heavy vehicle loading.   

Areas with 500 PSF capacity are suitable for all truck loading.  Special loads, such as cranes, should 
be reviewed on a case by case basis 

Due to the advanced deterioration at the west end of the pier, the deck has no safe live load capacity 
between Bents 89 and 93A. If further analysis is performed, some areas of the west end of the pier 
may have very limited live load capacity. 

 
7.0 SUMMARY OF FINDINGS 

1) General 
a) In its current condition, the pier deck from Bents 59 to 89 has a live load of 300 PSF.  This 

capacity is dictated by localized areas at deteriorated pile extensions. 
b) With limited closure of deteriorated areas, the majority of the pier deck from Bents 59 to 89 

has a live load capacity of 500 PSF 
c) The west end of the pier, from bents 89 to 93A has no effective live load capacity 

2) Topside of Concrete Deck Condition: 
a) The majority of the deck surface is in fair condition. 

i) Areas previously paved with asphalt typically in good condition 
ii) Most previous repairs are delaminating or failed 
iii) Many tripping hazards are present on deck including missing drain covers, heaved 

pavement, and failed deck repairs 

3) Expansion Joint Condition: 
a) Condition ranged from fair to poor  

i) 2 of 3 joints were paved over making detailed inspection difficult 
ii) Joint filler material was either missing or in poor condition where visible 
iii) Significant horizontal differential movement of 6 ¾” between pier sections was found at 

the west most expansion joint but there is no major change since the last inspection in 
2006. 

4) Underside of Concrete Deck Condition: 
a) Mostly in good condition with minimal areas in fair condition 

i) 92% was in good condition had sound concrete with rust staining but no other visible 
deterioration 

ii) 8% was in fair condition with localized spalling and some exposed rebar with minimal 
corrosion  

iii) Deterioration was concentrated between the “C” and “D” pile lines 

5) Concrete Pile Cap Condition: 
a) Mostly in good condition with localized locations in fair or poor condition 

i) 93% was  in good condition with rust staining and sound concrete 
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ii) 4% was  in fair condition with small areas of spalling and minor rebar corrosion visible 
iii) 3% was in poor condition with most bottom rebar exposed with severe corrosion of rebar 
iv) Areas in fair and poor condition were concentrated on the “A” pile line 

6) Concrete Deck Beam Condition: 
a) Mostly in fair condition or good condition with isolated areas in poor condition 
b) Deterioration was spread out fairly evenly throughout the pier  

i) 31% were in good condition with rust staining and sound concrete 
ii) 58% was in fair condition with partially exposed rebar on the underside of the beam 
iii) 11% were in poor condition with fully exposed bottom rebar and spalling concrete 

present throughout  

7) Concrete Track Beam Condition: 
a) Mostly in fair or good condition and isolated areas in fair or poor condition 
b) These beams are not of significant structural concern, as the tracks have been removed from 

the pier deck 
c) Damage was concentrated in the track beam between pile line “A” and “B” 

i) 43% were in good condition with rust staining and sound concrete 
ii) 53% were in fair condition with partially exposed rebar with moderate corrosion and 

spalling 
iii) 4% were in poor condition with fully exposed rebar and severe corrosion 

8) Concrete Pile Extension Condition: 
a) Mostly in fair to good condition but some in fair, poor, or failed condition  
b) Severely deteriorated extensions were concentrated more at the west end of the pier between 

bents 89A and 93A but others exist throughout the pier 
c) The greatest section loss of concrete was almost exclusively located within ±2’ of MHW 

i) 83% were in fair to good condition with minimal section loss of concrete and no expose 
rebar 

ii) 8% were in fair to poor condition with between 5% and 25% section loss and minimal 
exposed rebar 

iii) 3% were in poor to critical condition with between 25% and 50% section loss of concrete 
and exposed rebar that is corroded 

iv) 1% were in critical condition with 50% section loss of concrete and fully exposed rebar 
that is severely corroded 

v) 5% were failed with no concrete remaining and little to no rebar remaining 

9) Steel Pile Condition: 
a) Mostly in good condition with some in fair condition and isolated locations in poor condition 
b) The most significant deterioration was exclusively located within 2’ to 4’ of the underside of 

the concrete pile extension where loose fabric combined with wave action constantly rubs the 
pile clean. 

c) Deterioration was  concentrated on the “A” and “B” pile lines between bents 87A and 93A  
i) 92% were in good condition with little to no knife edging or “flange bites”  
ii) 7% were in fair condition with moderate loss of section due to knife edging or “flange 

bites” 
iii) Less than 1% were in poor condition with little to no flange remaining 
iv) Steel pile thickness data still needs to be gathered so that further analysis of corrosion 

rates and load capacity can be performed 
d) The average section loss has increased from 26% in 2005 to 40% in 2015.  
e) Corrosion rate since construction was approximately 1.5 mils per year, but since the previous 

readings were taken in 2005, the rate has accelerated significantly to approximately 5 mils per 
year.  
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10) Steel Bulkhead Condition: 
a) Mostly in fair condition with small corrosion holes common throughout, and localized areas 

in poor condition. Larger corrosion holes with visible fill loss were found at multiple 
locations in the bulkhead 

b) No weep holes were visible above the riprap 
c) Water was actively draining through the corrosion holes in the bulkhead 
d) Bulkhead pile cap had significant settling noted in the previous report, but no settlement of 

the pile cap was noticeable from the topside due to paving 
i) Multiple sink holes were found directly behind the bulkhead at the western end of the 

pier. 
ii) A small portion of the pile cap was completely failed with fill loss behind 

e) The average section loss has increased from 14% in 2005 to 37% in 2015. 
f) Corrosion rate since construction was approximately 2 mils per year, but since the previous 

readings were taken in 2005, the rate has accelerated significantly to approximately 10 mils 
per year.  

11) Fendering System Condition: 
a) Upper fender chains were typically in good condition minimal loss of coating 
b) Lower fender chains were typically in poor or failed condition with severe corrosion 
c) All mounting hardware was present and in good condition with minimal loss of coating 
d) Rubber mounting units were typically in good condition with minor abrasion and weathering 
e) Fender facing was mostly in good condition with isolated areas either missing or damaged.   

12) Mooring System Condition: 
a) Pier mounted mooring fixtures were typically in fair condition with the mounting hardware in 

poor condition with moderate to severe corrosion. 
i) Two (2) bollards in poor condition with severe corrosion of the mounting hardware and 

exposed rebar beneath the pier as noted in a previous inspection. 
ii) Three (3) bollards were in fair condition but had moderate to severe corrosion of the 

mounting hardware.  
iii) All other bollards were in fair condition with moderate corrosion of mounting hardware 

and minimal exposed rebar.  
b) Landside bollards ranged from good to failed condition 

i) Two (2) failed bollards at west end have been replaced recently with two (2) new bollards 
directly behind the old ones 

ii) All other remaining bollards, except for one in poor condition, are in good or fair 
condition 
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8.0 REPAIR ALTERNATIVES 

The repairs for the North Jetty have been separated into three sections.  Minimal repairs and operational 
constraints are presented as Immediate Recommendations while longer term repairs have been presented 
for two different sections due to the conditions found: 

 Bent 59 to Bent 89 (bulk of pier) 
 Bent 89 to Bent 93A (western end).   

A summary of repair costs is presented in Table 2 at the end of this section. 
 
8.1 IMMEDIATE RECOMMENDATIONS (ENTIRE PIER) 

 
1. Block Access to the West End of the Pier 

Due to the failure of many of the pile extensions at western end of the pier, it is recommended that all 
access to the west end of the pier, from Bent 89 to 93A, be blocked off immediately. This section of 
the pier is not safe to support live loads without further review.  

The severe deterioration impacts the stability of this portion of the pier and it should not be used for 
vessel fendering or mooring loads. 

Consideration should be given to stabilization or demolition of this portion of the pier as a matter of 
urgency. 

2. Load Limit Pier as Required 

Due to the failure of pile extensions in localized areas throughout the pier, live load capacity should 
be limited to 300 PSF unless further review and/or repairs are made.    

Higher load capacities of 500 PSF are possible on most of the pier if the 300 PSF limited areas are 
barricaded to vehicle access. 

3. Vessel Mooring and Fendering 

Large vessels should only utilize the inshore bollards 1, 2, 3, 5, and 6 (See Exhibit 2) for bow and 
stern lines.  Pier edge bollards may be used for spring lines except as follows: 

 Bollards at Bent 93A and 62A should not be used 
 Bollards at 68A, 76A, 81A may be used but may have reduced capacity. These bollards 

should be marked to prevent use until they can be repaired. 

The poor condition of (or missing) lower fender chains will allow greater movement of the fender 
panels but the top chains remain functional.  The fenders can be used for vessel berthing but smaller 
vessels may cause excessive rotation or lateral movement resulting in damage to the fenders and 
possibly the pier edge.  Lower fender chains should be replaced. 

4. Pedestrian Access 

The concrete deck has numerous tripping hazards.  The asphalt paved areas are in fair condition and 
suitable for limited public access for special events.  Due to the poor condition, the pier deck should 
remain closed to general access except for special events.  No public access should be allowed outside 
the asphalt paved areas at any time. Heaved asphalt at the expansion joints should be removed and 
patched as required to remove the tripping hazard. 

The washout area and sink holes at the western end of the bulkhead should be barricaded to limit risk 
to mooring line handlers.  In order to reduce risk, stone fill with geotextile may be possible with 
additional investigation. 
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8.2 PIER BENTS 59 thru 89 

8.2.1 Pier Bents 59 thru 89 - Minimum Repairs  

These repairs are recommended to slowdown the deterioration of the pier, and to prevent further damage 
during use. These repairs will not restore any previous live load capacity. The total estimated cost to 
perform the minimum recommended repairs is $559,000. Recommended repairs include the following:  

1. Replace Broken Fender Chains 

There were ten (10) broken fender chains, typically located on the bottom of the fender.  It is 
recommended that these broken chains be replaced to restore capacity to the fenders and to prevent 
damage to the fenders during loading.  

The estimated cost to remove and replace the chains is $1,500 per chain for a total cost of $15,000 

2. Patch Holes in Bulkhead 

There were many corrosion holes found throughout the steel bulkhead. Corrosion hole locations can 
be seen in Exhibit 1A, 1B and 1C. It is recommended that all corrosion holes be patched to prevent 
further fill loss through the bulkhead.  

This repair should be performed using the following procedure: 
 Size 3/8” steel plate as required to ensure the plate can be welded to sound steel on the 

bulkhead 
 Remove corrosion from the existing bulkhead where the weld is to be installed 
 Weld the patch plate all the way around with a minimum ¼” fillet weld.  

The estimated cost to patch 80 LF of bulkhead at $2,000 per LF is $160,000.  

3. Trim Loose Fabric From Bottom of Pile Extensions  

At the bottom of all pile extensions, there was 2’ to 4’ of loose fabric left over from the forming of 
the existing pile extensions. The fabric, combined with the constant wave action under the pier, has 
abraded the steel directly beneath the concrete and has greatly accelerated deterioration of the steel in 
this area. It is recommended that this extra fabric be removed to slow deterioration of the piles. 

The estimated cost to remove the extra material on each pile extension on the “A”, “B”, and “C” pile 
lines (438 piles) at $300 per pile is $132,000. 

4. Steel Pile Anodes 

Due to the significant increase of the corrosion rates of the piles in the last 10 years, it is 
recommended that sacrificial anodes be installed on the “A” and “B” pile lines to reduce the corrosion 
rates and extend the life of the piles. The sacrificial anodes installed during the previous major 
rehabilitation project now have little to no effective weight remaining. The estimated cost to install 
new anodes is approximately $1000 per anode for a total estimated cost of $252,000. 
 

8.2.2 Pier Bents 59 thru 89 - Structural Repairs 

These repairs will remove the live load limited areas of the pier (300 PSF) and restore the deck live load 
capacity to approximately 500 PSF. These repairs do not address pedestrian safety issues on the pier deck 
or aesthetic issues. The total estimated cost to perform all Structural Repairs is $3,251,000. 

Recommended Repairs include the following:    
 
1. Restore Failed and Severely Deteriorated Pile Extensions 

Eleven (11) pile extensions were failed or almost failed and forty two (42) had significant 
deterioration. Each pile extension that is compromised or failed results in a significant loss of 
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capacity in the immediate area of the failure. It is recommended that any compromised pile 
extensions be repaired to restore live load capacity to the pier.  

The repair should be performed using the following procedure: 
 Remove all unsound concrete and corroded rebar from both the remains of the pile extension 

and the pier.  
 Dowel a new epoxy coated rebar cage into the remaining sound concrete of the pier and the 

pile extension 
 Form and pour a new concrete pile extension between the existing extension and the 

underside of the pier. 
o For a more durable repair, the pile extension should be extended 4’ below the 

existing extension, and the extension should be formed with a fiberglass or steel form 
that will remain in place after construction. 

The estimated cost to repair each pile extension is $12,000 for a total of $636,000. 

2. Repair Concrete Beams 

Approximately 2,150 LF of concrete deck beam and 160 LF of pile cap was in fair or poor condition 
with spalled concrete on the bottom of the beam and exposed rebar that was corroded. It is 
recommended that these areas with exposed rebar on the bottom of the beam be repaired to restore 
capacity to the beams, and to protect the remaining rebar.  

The repair should be performed using the following procedure: 
 Remove all unsound concrete and mechanically clean all rebar to remove corrosion. Any 

locations where rebar is missing, new rebar should be doweled into the existing concrete. 
 Install galvanized wire mesh to the underside of the beam  
 Apply shotcrete to the beam as required with a minimum clear cover of 3”. 

The estimated cost to repair the beams and pile caps is $300/LF for a total of $693,000.   

3. Repair Underside of Concrete Deck 

Approximately 3,210 SF of the underside of the pier deck was in fair condition with spalled concrete 
and exposed rebar that was corroded. It is recommended that these areas be repaired to restore 
capacity to the deck, and to protect the remaining rebar.  

The repair should be performed using the following procedure: 
 Remove all unsound concrete and mechanically clean all rebar to remove corrosion. Any 

locations where rebar is missing, new rebar should be doweled into the existing concrete. 
 Install galvanized wire mesh to the underside of the deck.  
 Apply shotcrete to the beam as required with a minimum clear cover of 3”. 

The estimated cost to repair the underside of the concrete deck at $150 per SF is $481,500. 

4. Replace Mooring Fixtures 

All mooring hardware had moderate to severe corrosion that could compromise the use of the 
mooring fixtures. It is recommended that all mooring hardware be replaced in-kind. No repairs to the 
landside bollards are recommended at the current time. However, it is recommended that the 3 
bollards that were either in failed or poor condition should not be used going forward.  

The estimated cost to remove replace all 15 mooring fixtures with new mounting hardware is $5,000 
each for a total of $75,000.  

5. Repair Failed Pile Cap 

Approximately 6 LF of pile cap was failed and a sink hole behind the failure. It is recommended that 
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this failed area be replaced to add structural stability back to the bulkhead in this area, and to stop any 
further fill loss through the failure. 

The estimated cost to repair the pile cap is $2,000 per LF for a total of 12,000. 

6. Install New Bulkhead 

Due to the significant increase in the corrosion rate of the bulkhead, and the ever growing number of 
corrosion holes, it is recommended that a new steel sheetpile bulkhead and concrete pile cap be 
installed just inshore of the existing bulkhead. The existing bulkhead pile cap would be removed and 
a new pile cap connecting the two bulkheads would be installed forming a structural repair that would 
lock the two bulkheads together. This would remove any load limited areas of the bulkhead, as well 
as provide an increased and uniform surcharge capacity of the bulkhead along the entire length of the 
pier.  The estimated cost to install the bulkhead and pile cap  is approximately $1,850 per linear foot 
for a total estimated cost of $1,353,000. 

8.2.3 Pier Bents 59 thru 89 - Fender Repairs 

These repairs will restore fender capacity to the pier as well as maintain the longevity of the fenders. The 
total estimated cost to perform these repairs is $71,000. These repairs include the following: 

1. Replace All Lower Fender Chains 

All lower fender chains were either failed or in poor condition with heavy corrosion. It is 
recommended that all lower fender chains be replaced to restore capacity to the fenders and prevent 
damage to the fenders during loading.  

The estimated cost to replace all 36 fender chains at $1,500 per chain is $54,000.   

2. Replace Cracked Rubber Fender Block 

On the fender between bents 88 and 88A, the northern rubber block was cracked. It is recommended 
that the compromised rubber block be removed and replace with a new rubber block to restore 
capacity to this fender unit.   

The estimated cost to replace one fender block is $5,000.   

3. Replace UHMW Fender Facing as Required 

Fender facing panels were sporadically missing throughout the pier. Missing fender facing can result 
in gouging of the hull berthing ships or damage to the fender units. It is recommended that the 
missing fender facing be replaced as required.  

An allowance of $1,000 per fender is recommended for a total of $12,000.  
 
8.2.4 Pier Bents 59 thru 89 - Pedestrian Safety Repairs 

These repairs will restore pedestrian safety to the pier deck and remove tripping hazards. The estimated 
cost to perform all Pedestrian Safety Repairs is $3,120,000.  The recommended repairs include the 
following: 

1. Repair Concrete Curb Along Pier Edge  

There were many locations where the concrete edge curb was spalled or missing with exposed and 
corroded rebar. These locations can be found on Appendix 1A, 1B, and 1C.  This repair will restore 
an edge curb to the pier to maintain pedestrian safety.  

The repair should be performed using the following procedure: 
 Remove all unsound concrete back to sound concrete and mechanically clean rebar as 

required to remove corrosion. 
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 Sawcut the edges of all repairs to maintain a minimum concrete thickness of 2” 
 Additional rebar should be installed on an as-needed basis depending on the level of 

corrosion of the existing rebar.  
 Form and pour a new concrete curb with 5000 psi concrete with ¾” aggregate. 

The estimated cost to repair 150 LF of concrete curb at $200 per LF is $30,000. 

2. Repair Concrete Deck Surface  

A large portion of the concrete deck surface had some form of deterioration or a failed previous 
repair. While deterioration of the concrete deck surface does not have an immediate impact on 
structural capacity, it does impact longevity of the pier and pose a tripping safety hazard.  The deck 
surface should either be spot patched as required or completely resurfaced to prevent further 
deterioration and to remove tripping hazards.   

a) Patch repair should be performed using the following procedure: 
 Sawcut the edge of the repair area to the depth of the existing reinforcing steel. 
 Remove all deteriorated concrete from the intended repair area 
 Mechanically clean existing reinforcing steel. If the field engineer deems the existing 

steel inadequate, add galvanized welded wire fabric and secure it to the existing 
reinforcing 

 Remove any loose material from the repair area and fill with concrete where depths 
exceed 2” 

 If the repair is less than 2” deep, fill with saltwater resistant, non-shrink grout. 
The total estimated cost to repair 7,600 SF of concrete deck surface at $75 per SF for a total of 
$570,000. 

b) Complete deck resurfacing should be performed using the following procedure: 
 The surface of the pier should be hydro milled down to 1” below the existing steel deck 

reinforcing 
 Clean the area to remove any loose material 
 At locations with corroded or missing rebar, add additional rebar as required.   
 Pour a 4” thick concrete topping using 5000 PSI concrete with ¾” aggregate 
The estimated cost to hydro mill and resurface the entire pier deck (49,800 SF) is $50 per SF 
for a total of $2,500,000. 

Areas of cracking or failed crack repair were found throughout the deck. It is recommended that 
cracks in the deck surface be repaired to protect rebar from the intrusion of water into the deck slab. 

The estimated cost to repair the 400 LF of cracking is $50 per LF for a total of $20,000.  This repair 
would be in combination with patch repairs and would not be required for complete deck resurfacing. 

3. Repair Expansion Joints 

All expansion joints on the pier were either missing all compression sealant or were covered in failed 
asphalt pavement and were likely missing compression sealant. Both of the above situations result in 
a tripping hazard.  It is recommended that the compression sealant be replaced in all joints to 
eliminate any tripping hazard.   

The estimated cost to repair 180 LF of expansion joint is $100 per foot for a total of $18,000.   

4. Replace Missing or Broken Deck Drain Covers 

Nineteen (19) deck drain covers were either missing or broken leaving a hole through the pier deck 
that forms a tripping hazard. It is recommended that the deck drain covers be replaced as required. 

Estimated cost to replace is 19 deck drain covers is $100 per cover for a total of $1,900.  
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8.3 PIER BENTS 89 THRU 93A 

8.3.1 Option 1: Do Nothing 

This option involves leaving the west end of the pier and bulkhead in its advanced state of 
deterioration. While this option has no cost at the current time, it will likely have the following 
negative impacts on the pier going forward. As the pile extensions continue to deteriorate, the pier 
may pose a risk of collapsing or could damage the adjacent sections of the pier. Also, fill loss will 
continue through the holes in the bulkhead causing additional sinkholes to open up inshore of the 
bulkhead. This option is not recommended.  

8.3.2 Option 2: Demolition 

This option proposes demolition of the western end of the pier from Bents 89 thru 93A to remove a 
potential hazard. Under this option, the pier would be sawcut at Bent 89 and the entire pier from 
Bents 89 to 93A would be removed. 

It is recommended that the steel bulkhead remain to protect the edge and preserve the filled 
boundaries of the site for possible future permitting purposes. To prevent further fill loss from behind 
the bulkhead, the inshore side should be excavated and stone fill installed with a geotextile.  The 
finished grade of the stone fill may not be able to extend up to pier deck elevation due to removal of 
lateral support.  

The estimated cost to demolish the pier from bents 89 to 93A and stabilize the bulkhead is $450,000.  

8.3.3 Option 3: Rehabilitation 

This option includes complete rehabilitation to restore live load capacity. Under this option it is 
recommended all repairs called for in section 8.2.2 and 8.2.4 would be performed on this section of 
the pier as well as patching all holes in the bulkhead. Complete structural rehabilitation of the pier has 
an estimated order of magnitude cost of $1,600,000 to regain use of approximately 6,100 SF of pier 
(roughly $265/SF) and has an estimated life of 20 years. See the summary of repairs and estimated 
construction cost to rehabilitate this section of pier below. 

Repair Unit Unit Price Quantity Total

Pile Extension EA 12,000.00$            54 650,000.00$         

Pile Cap LF 300.00$                  100 30,000.00$           

Deck Beam LF 300.00$                  600 180,000.00$         

Track Beam LF 300.00$                  220 70,000.00$           

Deck Underside SF 150.00$                  2100 320,000.00$         

Deck Topside SF 75.00$                    1700 130,000.00$         

Curb LF 200.00$                  30 10,000.00$           

Patch Bulkhead LF 2,000.00$              75 150,000.00$         

New Mooring Fixtures EA 5,000.00$              1 10,000.00$           

Total 1,600,000.00$     

Table 8.1: Estimated Rehabilitation Cost (Bents 89 to 93A) Summary

 

8.3.4  Option 4: Complete Replacement 

This option includes demolition of the pier and bulkhead up to the west most expansion joint 
(between bents 85 and 84A) and replacement with a new pier. Total area of pier proposed for 
reconstruction is approximately 12,800 sq. ft.  Reconstruction cost is based on a similar configuration 
to the existing which would provide a heavy lift area.  The estimated order of magnitude cost to 
replace the pier from the western expansion joint to the west end is $6,000,000. The estimated life of 
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the new pier would be between 50 and 60 years. 

 

PIER BENTS 59 thru 89 Cost

Minimum Repairs

Replace Broken Fender Chains 15,000.00$           

Patch Holes in Bulkhead 160,000.00$        

Trim Loose Fabric from Bottom of Pile Extensions 132,000.00$        

Sacrificial Anodes 252,000.00$        

Total Minimum Repairs 559,000.00$        

Structural Repairs

Restore Failed and Deteriorated Pile Extensions 636,000.00$        

Repair Concrete Beams 693,000.00$        

Repair Underside of Concrete Deck 481,500.00$        

Replace Mooring Fixture Hardware 75,000.00$           

Bulkhead Pile Cap Repair 12,000.00$           

Install New Bulkhead 1,353,000.00$     

Total Structural Repairs 3,251,000.00$     

Fender Repairs

Replace All Lower Fender Chains 54,000.00$           

Replace Cracked Rubber Fender Block 5,000.00$             

Replace UHMW Fender Facing as Required 12,000.00$           

Total Fender Repairs 71,000.00$          

Pedestrian Safety Repairs

Repair Concrete Curb 30,000.00$           

Repair Concrete Deck Surface 570,000.00$        

Resurface Entire Deck 2,500,000.00$     

Replace Expansion Joints 18,000.00$           

Replace Missing and Broken Deck Drian Covers 1,900.00$             

Total Pedestrian Safety Repairs 3,120,000.00$     

Total Estimate Cost of Repairs Bents 59 thru 89 7,001,000.00$     

PIER BENTS 89 thru 93A (Bent 89A‐93A) Cost

Option 1: Do Nothing ‐$                        

Option 2: Demolition 450,000.00$        

Option 3: Complete Rehabilitation 1,500,000.00$     

Option 4: Replacment 6,000,000.00$     

Table 8.2: Repair Cost Summary
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9.0 SUMMARY OF REPAIRS & RECOMMENDATIONS 

Immediate Recommendations 
 All repairs/actions identified in section 8.1 Immediate Recommendations should be performed as-

soon-as-possible to alleviate any immediate safety hazards. The repairs in this section are only 
temporary, therefore further action and will required to address the long-term concerns of the pier.  
Repairs/actions identified include: 

o Block Access to the West End of the Pier – the severe deterioration impacts the stability 
of this portion of the pier and it should not be used 

o Load Limit Pier as Required – live load capacity should be limited to 300 PSF unless 
further review and/or repairs are made 

o Vessel Mooring and Fendering – large vessels should only utilize the inshore bollards 1, 
2, 3, 5, and 6 (See Exhibit 2) for bow and stern lines.  Pier edge bollards may be used for 
spring lines except at Bent 93A and 62A.  Bollards at, 68A, 76A, 81A may be used but 
may have reduced capacity.  Lower chains on all fenders should be replaced. 

o Pedestrian Access – the concrete deck has numerous tripping hazards.  The asphalt paved 
areas are in fair condition and suitable for limited public access for special events. No 
public access should be allowed outside the asphalt paved areas at any time. 

Steel Bearing Piles 
 Condition  

o The majority of steel bearing piles were in good condition given their age. Piles have 
typically lost between 30% and 50% of their original steel section 

o The most significant deterioration was found directly beneath the concrete pile extension, 
where the remains of the pile extension fabric forms hang down. 

 Recommendations 
o Given the very limited number of piles with severe deterioration and the location of the 

deterioration, no repairs are required at the current time but repairs should be considered 
in conjunction with pile extension repairs outlined below. 

o With the significant acceleration in the pile corrosion rates in the past 10 years, it is 
recommended that sacrificial anodes be installed on all piles in the “A” and “B” pile lines 
to reduce any further corrosion.  

o The remains of the fabric forms of the pile extensions should be removed to prevent any 
further localized deterioration of the piles.   

Pile Extensions 
 Condition 

o A majority of pile extensions are in good condition, with localized areas of severe 
deterioration and failure. 

o Failed extensions were typically concentrated between Bents 89 and 93A, and along the 
“A” pile line 

 Recommendation 
o All deteriorated extensions between Bents 59 and 89 should be repaired to eliminate load 

limited areas. 
o If it is desired to rehabilitate the western end of the pier, all failed or severely deteriorated 

pile extensions should be repaired.  

Concrete Deck Topside 
 Condition 

o Existing topside of concrete deck is in overall fair condition and has many previous 
repairs in poor condition as well as a large portion covered with asphalt overlay. Many 
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tripping hazards are present including missing deck drain covers, spalling with exposed 
rebar, heaved pavement, and deteriorated curbing. 

 Recommendations 
o Areas of spalling in the deck and curbing should be repaired to protect reinforcement and 

prevent further deterioration. 
o Missing deck drain covers and failed expansion joints should be replaced to prevent 

tripping hazards. 
 

Concrete Deck Underside 
 Condition 

o The underside of the existing deck is mostly in good condition with limited areas in fair 
condition and deterioration concentrated on the inshore most panels. 

 Recommendation 
o Areas of spalling on the underside of the deck should be repaired to protect 

reinforcement, prevent further deterioration, and to restore capacity to the deck. 
 

Deck Beam, Track Beam & Pile Cap 
 Conditions 

o Existing concrete pile caps were mostly in good condition with localized areas of 
deterioration. Typical defects include spalling on the bottom with moderately corroded 
rebar.  

o Existing deck beams were mostly in fair condition with some areas in good condition and 
localized areas of advanced deterioration. Typical defects include spalling on the bottom 
and sides with moderate to severe corrosion of rebar.  

o Track beams were typically in fair condition.  
 Recommendation 

o All spalled areas of concrete beams and deck should be repaired to protect reinforcement 
and prevent further deterioration.  

o Given the low structural importance of the track beams, the repairs to these members can 
be assigned a lower priority.  

 
Fenders and Mooring System 

 Condition 
o Existing fender system is in fair condition with all lower chains either failed or in poor 

condition, and 1 rubber unit cracked 
o Existing pier mounted mooring fixtures ranged from good to fair to poor condition, 

however, mooring fixture mounting hardware ranged from fair to serious condition with 2 
locations with 2 locations in serious condition and 3 locations in poor condition.   

o Existing landside bollards ranged from good to failed condition with 5 bollards in good or 
fair condition and 3 bollards in poor or failed condition. 

 Recommendation 
o All fender chains and other damaged fender components should be replaced. 
o Pier edge bollards may be used for spring lines except at Bent 93A and 62A.  Bollards at 

Bents, 68A, 76A, 81A may be used but may have reduced capacity.  Due to the 
significant deterioration of mounting hardware, annual inspection of all pier mounted 
bollards is recommended.  

o Due to the difficulty of removing existing mooring fixtures and significant deterioration 
of all mounting hardware, all mooring fixtures should be replaced with new bollards and 
new hardware.  

o All landside bollards in good or fair condition (1, 2, 3, 5, and 6) can continue to be used 
at full capacity. 
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o All landside bollards in poor or failed condition (4, 7, and 8) should not be used by any 
berthing vessels. 

 
Steel Bulkhead and Pile Cap 

 Condition 
o Corrosion holes were typically found between MLW and El. +2 MLW. Holes were 

located throughout, but more concentrated at the western end. Many holes had a visible 
void behind, indicating fill loss.  

o A small portion of the bulkhead pole cap was failed and with a sinkhole present topside. 
 Recommendation 

o At a minimum, all corrosion holes in the bulkhead should be patched to prevent any 
further fill loss through the bulkhead. 

o The area of the pile cap that is failed should be repaired to prevent any further fill loss 
from behind the pile cap and to stabilize the bulkhead 

o It is recommended that Massport consider installation of a new steel sheetpile bulkhead 
with concrete pile cap, installed just inshore of the existing bulkhead. This would remove 
any load limited areas, as well as provide a uniform and increased surcharge capacity 
along the entire bulkhead. 
  

Long-Term Use Recommendations 

Further review of long term options can be performed depending the proposed use of this facility.  It is 
likely that a combination of rehabilitation and replacement will provide the most cost effective long term 
option but the required use and load capacity needs to be identified prior to making additional 
recommendations.  
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North Jetty Marine Terminal
List of Reviewed Documents

Item Date By
Drawing/File 

No.

Reports on Pier Substructure

Report Excerpt, “Evaluate Wharf for
Uniform Live and Truck Loads” 

June 2001 Fay, Spofford, and Thorndike

Underwater Inspection & Assessment at
Massport Marine Terminal South Boston,
Massachusetts

December 
2005

 Appledore Marine Engineering, 
Inc.

Massport Marine Terminal North Jetty
Inspection and Condition Assessment

January 3, 
2006

Parsons Brinkerhoff Quade & 
Douglas, Inc.

Memo, “North Jerry Above Water Visual
Inspection – USS Kearsarge"

 June 25, 
2012

Bourne Consulting Engineering

Drawings

Area 1 (Bent 93A-W to 85-E) 3-Jan-06 Parsons Brinkerhoff Quade & 
Douglas, Inc.

1 of 4

Area 2 (Bent 84A-W to 74-E) 3-Jan-06 Parsons Brinkerhoff Quade & 
Douglas, Inc.

2 of 4

Area 3 (Bent 73A-W to 62-E) 3-Jan-06 Parsons Brinkerhoff Quade & 
Douglas, Inc.

3 of 4

Area 1 (Bent 61A-W to 59-E) 3-Jan-06 Parsons Brinkerhoff Quade & 
Douglas, Inc.

4 of 4

Inspection Drawings from, "Massport Marine Terminal North Jetty Inspection and Condition Assessment" 
for Marine Terminal Development LLC 
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#1: Failed Fender Chain #2: Typical Failed Curbing

#3: Spalling at Base of Mooring Fixture #4: Missing Deck Drain Cover



#5: Failed Asphalt Deck Repair #6: Failed Concrete Deck Repair

#7: Spalling on Underside of Deck #8: Failed Bulkhead Pilecap



#9: Deck Beam Spalling #10: Bulkhead Corrosion Holes

#11: Deteriorated Pile Extension #12: Failed Pile Extension (Bent 73A-W)



#13: West End of Pier, Failed Pile Extensions #14: Typical Pile No Flange Remaining

#15: Typical Small Flange Bite #16: Typical Pile  Knife Edging



Appendix C – Steel Pile Thickness Readings, Percent Section Loss, and 
Corrosion Rates 

  



Appendix C ‐ Steel Pile Thickness Readings, Percent Section Loss, and Corrosion Rates

Pile Row Zone

Flange Web Outshore Flange Inshore Flange Web Outshore Flange Inshore Flange Web  Outshore Flange Inshore Flange Web Inshore Flange Outshore Flange Web Inshore Flange Outshore Flange Web Inshore Flange Outshore Flange Web

62‐E A ML 0.605 0.610 0.495 0.443 0.515 0.515 0.480 0.475 15% 21% 22% 0.62 0.86 0.92 0.87 1.11 0.65 ‐1.00 ‐1.88 2.00

62‐E A MID 0.605 0.610 0.453 0.455 0.485 0.450 0.390 0.475 26% 36% 22% 1.06 1.47 0.92 1.21 1.03 0.86 0.13 3.25 0.50

62‐E A BC 0.605 0.610 0.188 0.273 0.385 0.480 0.475 0.385 21% 21% 37% 0.86 0.89 1.54 3.31 2.28 1.54 ‐14.63 ‐10.13 0.00

62‐E D ML 0.605 0.610 0.435 ‐ 0.455 0.400 ‐ ‐ 34% ‐ ‐ 1.40 ‐ ‐ 1.35 ‐ 1.06 1.75 ‐ ‐

62‐W C ML 0.615 0.615 0.385 0.433 0.420 0.375 ‐ ‐ 39% ‐ ‐ 1.64 ‐ ‐ 1.83 1.25 1.34 0.50 ‐ ‐

66‐E A ML 0.605 0.610 0.583 0.530 0.480 0.350 0.350 0.375 42% 42% 39% 1.75 1.75 1.61 0.18 0.51 0.89 11.63 9.00 5.25

66‐E A MID 0.605 0.610 0.443 0.527 0.440 0.400 0.445 0.375 34% 26% 39% 1.40 1.10 1.61 1.29 0.54 1.16 2.13 4.08 3.25

66‐E A BC 0.605 0.610 0.418 0.423 0.500 0.440 0.275 0.270 27% 55% 56% 1.13 2.26 2.33 1.49 1.25 0.75 ‐1.13 7.38 11.50

66‐E B ML 0.615 0.615 0.540 0.475 0.415 0.440 0.400 0.375 28% 35% 39% 1.20 1.47 1.64 0.60 0.96 1.37 5.00 3.75 2.00

66‐E C ML 0.615 0.615 0.440 0.495 0.535 0.400 0.435 0.475 35% 29% 23% 1.47 1.23 0.96 1.39 0.82 0.55 2.00 3.00 3.00

66‐E D ML 0.605 0.610 0.358 ‐ ‐ 0.300 0.435 ‐ 50% 28% ‐ 2.09 1.16 ‐ 1.96 ‐ ‐ 2.88 ‐ ‐

70‐E A ML 0.605 0.610 0.593 0.560 0.540 0.590 0.390 0.330 2% 36% 46% 0.10 1.47 1.92 0.10 0.31 0.48 0.13 8.50 10.50

70‐E A MID 0.605 0.610 0.510 0.485 0.540 0.305 0.265 0.340 50% 56% 44% 2.05 2.33 1.85 0.75 0.82 0.48 10.25 11.00 10.00

70‐E A BC 0.605 0.610 0.505 0.470 0.395 0.310 0.250 0.405 49% 59% 34% 2.02 2.43 1.40 0.79 0.92 1.47 9.75 11.00 ‐0.50

70‐E B BC 0.615 0.615 0.508 0.490 0.465 0.340 0.365 0.385 45% 41% 37% 1.88 1.71 1.58 0.85 0.86 1.03 8.38 6.25 4.00

70‐E B ML 0.615 0.615 0.553 0.483 0.390 0.280 0.335 0.320 54% 46% 48% 2.29 1.92 2.02 0.50 0.91 1.54 13.63 7.38 3.50

70‐E C ML 0.615 0.615 0.505 0.433 0.380 0.380 0.385 0.325 38% 37% 47% 1.61 1.58 1.99 0.87 1.25 1.61 6.25 2.38 2.75

70‐E D ML 0.605 0.610 0.428 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1.41 ‐ ‐ ‐ ‐ ‐

74‐E A ML 0.605 0.610 0.590 0.533 0.540 0.255 0.280 0.250 58% 54% 59% 2.40 2.23 2.47 0.12 0.50 0.48 16.75 12.63 14.50

74‐E A MID 0.605 0.610 0.493 0.465 0.420 0.335 0.320 0.355 45% 47% 42% 1.85 1.95 1.75 0.89 0.96 1.30 7.88 7.25 3.25

74‐E A BC 0.605 0.610 0.428 0.395 0.380 0.240 0.235 0.285 60% 61% 53% 2.50 2.53 2.23 1.41 1.44 1.58 9.38 8.00 4.75

74‐E B BC 0.615 0.615 0.498 0.385 0.400 0.250 0.315 0.265 59% 49% 57% 2.50 2.05 2.40 0.93 1.58 1.47 12.38 3.50 6.75

74‐E B ML 0.615 0.615 0.565 0.495 0.455 0.565 0.495 0.495 8% 20% 20% 0.34 0.82 0.82 0.40 0.82 1.10 0.00 0.00 ‐2.00

74‐E C ML 0.615 0.615 0.425 ‐ 0.395 0.335 0.375 0.290 46% 39% 53% 1.92 1.64 2.23 1.51 ‐ 1.51 4.50 ‐ 5.25

74‐E D ML 0.605 0.610 0.505 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 0.79 ‐ ‐ ‐ ‐ ‐

77A‐W D ML 0.605 0.610 0.510 ‐ ‐ 0.495 ‐ ‐ 18% ‐ ‐ 0.75 ‐ ‐ 0.75 ‐ ‐ 0.75 ‐ ‐

78‐E A ML 0.605 0.610 0.533 0.540 0.550 0.265 0.270 0.245 56% 55% 60% 2.33 2.29 2.50 0.58 0.45 0.41 13.38 13.50 15.25

78‐E A MID 0.605 0.610 0.530 0.493 0.505 0.415 0.445 0.440 31% 26% 28% 1.30 1.10 1.16 0.60 0.77 0.72 5.75 2.38 3.25

78‐E A BC 0.605 0.610 0.403 0.443 0.430 0.260 0.315 0.240 57% 48% 61% 2.36 1.99 2.53 1.61 1.11 1.23 7.13 6.38 9.50

78‐E B ML 0.615 0.615 0.485 0.405 0.365 0.210 0.215 0.265 66% 65% 57% 2.77 2.74 2.40 1.03 1.44 1.71 13.75 9.50 5.00

78‐E B BC 0.615 0.615 0.280 0.400 0.375 0.295 0.400 0.355 52% 35% 42% 2.19 1.47 1.78 2.66 1.47 1.64 ‐0.75 0.00 1.00

78‐E C ML 0.615 0.615 0.270 0.368 0.345 0.265 0.350 0.360 57% 43% 41% 2.40 1.82 1.75 2.74 1.70 1.85 0.25 0.88 ‐0.75

82‐E A ML 0.605 0.610 0.548 0.500 0.505 0.275 0.315 0.285 55% 48% 53% 2.26 1.99 2.23 0.46 0.72 0.72 13.63 9.25 11.00

82‐E A MID 0.605 0.610 0.418 0.465 0.435 0.365 0.320 0.280 40% 47% 54% 1.64 1.95 2.26 1.49 0.96 1.20 2.63 7.25 7.75

82‐E A BC 0.605 0.610 0.455 0.495 0.465 0.450 0.450 0.425 26% 26% 30% 1.06 1.06 1.27 1.19 0.75 0.99 0.25 2.25 2.00

82‐E B ML 0.615 0.615 0.585 0.580 0.590 0.255 0.305 0.305 59% 50% 50% 2.47 2.12 2.12 0.24 0.24 0.17 16.50 13.75 14.25

82‐E B MID 0.615 0.615 0.470 0.513 0.515 0.215 0.240 0.240 65% 61% 61% 2.74 2.57 2.57 1.15 0.70 0.68 12.75 13.63 13.75

82‐E B BC 0.615 0.615 0.488 0.495 0.560 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ 1.01 0.82 0.38 ‐ ‐ ‐

82‐E C ML 0.615 0.615 0.425 0.420 0.235 0.375 0.305 0.320 39% 50% 48% 1.64 2.12 2.02 1.51 1.34 2.60 2.50 5.75 ‐4.25

82‐W D‐BAT ML 0.605 0.610 0.515 ‐ ‐ 0.365 0.310 ‐ 40% 49% ‐ 1.64 2.02 ‐ 0.71 ‐ ‐ 7.50 ‐ ‐

86A‐E C ML 0.615 0.615 0.410 ‐ ‐ 0.400 ‐ ‐ 35% ‐ ‐ 1.47 ‐ ‐ 1.63 ‐ ‐ 0.50 ‐ ‐

86A‐E D ML 0.605 0.610 0.370 ‐ ‐ 0.365 ‐ ‐ 40% ‐ ‐ 1.64 ‐ ‐ 1.87 ‐ ‐ 0.25 ‐ ‐

86‐E A ML 0.605 0.610 0.490 0.543 0.550 0.335 0.425 0.375 45% 30% 39% 1.85 1.23 1.61 0.91 0.43 0.41 7.75 5.88 8.75

86‐E A MID 0.605 0.610 0.510 0.568 0.485 0.325 0.415 0.375 46% 31% 39% 1.92 1.30 1.61 0.75 0.26 0.86 9.25 7.63 5.50

86‐E A BC 0.605 0.610 0.453 0.358 0.460 0.375 0.240 0.250 38% 60% 59% 1.58 2.50 2.47 1.21 1.70 1.03 3.88 5.88 10.50

86‐E B ML 0.615 0.615 0.548 0.465 0.460 0.500 0.465 0.440 19% 24% 28% 0.79 1.03 1.20 0.54 1.03 1.06 2.38 0.00 1.00

86‐E B MID 0.615 0.615 0.490 0.450 0.360 0.480 0.425 0.330 22% 31% 46% 0.92 1.30 1.95 0.99 1.13 1.75 0.50 1.25 1.50

86‐E B BC 0.615 0.615 0.503 0.478 0.485 0.495 0.460 0.465 20% 25% 24% 0.82 1.06 1.03 0.89 0.94 0.89 0.37 0.87 1.00

90‐E A ML 0.605 0.610 0.528 0.563 0.530 0.465 0.210 0.265 23% 65% 57% 0.96 2.71 2.36 0.62 0.29 0.55 3.13 17.63 13.25

90‐E A MID 0.605 0.610 0.530 0.495 0.530 0.300 0.170 0.500 50% 72% 18% 2.09 2.98 0.75 0.60 0.75 0.55 11.50 16.25 1.50

90‐E A BC 0.605 0.610 0.448 0.428 0.395 0.250 0.320 0.270 59% 47% 56% 2.43 1.95 2.33 1.25 1.22 1.47 9.88 5.38 6.25

90‐E B ML 0.615 0.615 0.558 0.478 0.405 0.300 0.170 0.215 51% 72% 65% 2.16 3.05 2.74 0.46 0.94 1.44 12.88 15.38 9.50

90‐E B MID 0.615 0.615 0.430 0.485 0.400 0.435 0.255 0.355 29% 59% 42% 1.23 2.47 1.78 1.47 0.89 1.47 ‐0.25 11.50 2.25

90‐E B BC 0.615 0.615 0.455 0.465 0.440 0.435 0.255 0.355 29% 59% 42% 1.23 2.47 1.78 1.27 1.03 1.20 1.00 10.50 4.25

90‐E D ML 0.605 0.610 0.445 ‐ ‐ 0.400 ‐ ‐ 34% ‐ ‐ 1.40 ‐ ‐ 1.27 ‐ ‐ 2.25 ‐ ‐

90‐W C ML 0.615 0.615 0.363 ‐ ‐ 0.255 0.245 0.290 59% 60% 53% 2.47 2.53 2.23 2.00 ‐ ‐ 5.38 ‐ ‐

93A‐W A ML 0.605 0.610 0.565 0.563 0.540 0.490 0.500 0.500 19% 17% 18% 0.79 0.72 0.75 0.32 0.29 0.48 3.75 3.13 2.00

93A‐W A MID 0.605 0.610 0.498 0.575 0.505 0.410 0.500 0.495 32% 17% 19% 1.34 0.72 0.79 0.85 0.21 0.72 4.38 3.75 0.50

93A‐W A BC 0.605 0.610 0.420 0.425 0.430 0.395 0.400 0.410 35% 34% 33% 1.44 1.40 1.37 1.47 1.23 1.23 1.25 1.25 1.00

93A‐W B ML 0.615 0.615 0.533 0.518 0.455 0.500 0.490 0.405 19% 20% 34% 0.79 0.86 1.44 0.65 0.67 1.10 1.63 1.38 2.50

93A‐W B MID 0.615 0.615 0.495 0.480 0.400 0.450 0.400 0.400 27% 35% 35% 1.13 1.47 1.47 0.95 0.92 1.47 2.25 4.00 0.00

93A‐W B BC 0.615 0.615 0.610 0.603 0.600 0.590 0.600 0.545 4% 2% 11% 0.17 0.10 0.48 0.04 0.09 0.10 1.00 0.13 2.75

93‐W C ML 0.615 0.615 0.348 0.355 0.485 0.340 0.355 0.375 45% 42% 39% 1.88 1.78 1.64 2.12 1.78 0.89 0.38 0.00 5.50

Average 38% 42% 42% 1.60 1.74 1.74 1.09 0.93 1.06 4.8292 5.8515 4.8529

Total Average 

ML

MID

BC Below Concrete Pile Extension

Mid‐Pile

Mudline

Legend

1.69 5.181.0340.49%

Thickness (2005) Total % Section Loss Current ThicknessOriginal Thickness Corrosion Rate 1942 to Current  (mil/yr) Corrosion Rate  1942 to 2005 (mil/yr) Corrosion Rate  2005 to Current (mil/yr)
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Appendix D ‐ Steel Bulkhead Thickness Readings, Percent Section Loss, and Corrosion Rates

Location

Web Flange Web Flange Web Flange Web Flange Web Flange Web Flange Web Flange

62‐E 0.375 0.500 0.220 0.350 0.360 0.460 4.00% 8.00% 2.46 2.38 0.21 0.55 ‐14.00 ‐11.00

66‐E 0.375 0.500 0.285 0.440 0.230 0.395 38.67% 21.00% 1.43 0.95 1.99 1.44 5.50 4.50

70‐E 0.375 0.500 0.300 0.460 0.165 0.345 56.00% 31.00% 1.19 0.63 2.88 2.12 13.50 11.50

74‐E 0.375 0.500 0.275 0.500 0.165 0.245 56.00% 51.00% 1.59 0.00 2.88 3.49 11.00 25.50

79‐E 0.375 0.500 0.275 0.460 0.225 0.395 40.00% 21.00% 1.59 0.63 2.05 1.44 5.00 6.50

82‐E 0.375 0.500 0.325 0.400 0.220 0.350 41.33% 30.00% 0.79 1.59 2.12 2.05 10.50 5.00

86‐E 0.375 0.500 0.330 0.475 0.220 0.380 41.33% 24.00% 0.71 0.40 2.12 1.64 11.00 9.50

89‐W 0.375 0.500 0.375 0.520 0.245 0.245 34.67% 51.00% 0.00 ‐0.32 1.78 3.49 13.00 27.50

93A‐W 0.375 0.500 0.370 0.540 0.200 0.165 46.67% 67.00% 0.08 ‐0.63 2.40 4.59 17.00 37.50

Average 0.375 0.500 0.306 0.461 0.226 0.331 39.85% 33.78% 1.09 0.63 2.05 2.31 8.06 12.94

Total Average  2.18 10.5036.81%

Corrosion Rate 1942 to 2005 (mil/yr)

0.86

Current Thickness Total % Section Loss Corrosion Rate1942 to Current (mil/yr)rosion Rate Since 2005 to Current (mil/Thickness (2005)Original Thickness
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