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1.0 PURPOSE 
Current plans for the former Charleston Navy Complex call for development of a new container 
ship port facility.  The construction will require performing significant intrusive activities in 
areas where two munitions incidents reportedly occurred in 1943.  Each of these incidents 
involved the loss of two depth bombs.  The purpose of this report is to determine the current risk 
associated with the construction activities and identify potential mitigation techniques which 
would reduce residual risk. 
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2.0 
2.1 

2.2 

BACKGROUND 
Incidents 

The Navy Archives have been thoroughly searched during past examinations of the two events 
and were again reviewed for this analysis.  These searches continue to provide extremely limited 
information on the events surrounding the two ordnance incidents in the area where a future 
container terminal and port facility is planned.  Brief notations of the events as quoted below 
from the official Naval Base Charleston map dated 30 June 1945 provide the earliest historical 
evidence on the dates and general locations of the munitions incidents, as well as a description of 
the types of munitions involved: 

“Two AN Mark 47 Torpex bombs loaded depth bombs dropped in this area 20 November 1943,” 
(see Map at Appendix A).  During environmental assessments, this area was designated as Area 
of Concern (AOC) 501. Description of the ordnance suspected in the area is provided in 
Appendix B. 

“Two Mark 17 Depth Bombs jettisoned 8 October 1943,” (see Map at Appendix A).  During 
environmental assessments this area was designated as AOC 503.  Description of the ordnance 
suspected in the area is again provided in Appendix B. 

Site Descriptions And Assumptions  
AOC 501 is shown on the earliest available map as a site where two AN Mk-47 (Torpex-loaded) 
depth bombs were presumably dropped into the Cooper River.  This location is identified on 
Charleston Naval Air Station (NAS) Map PWD H-606-68 (June 30, 1945) at coordinates F-16 
and F-17.  AOC 501 consists of a rectangular area approximately 400 feet by 1,200 feet (480,000 
square feet) in the Cooper River east of the former Charleston Naval Air Station.  The area is 
located 1,200 feet to 2,000 feet from the mapped (1945) shoreline of the Cooper River between 
Piers X and V, west of the inner channel line in Zone J (which includes the entire waterfront area 
for the former Charleston Naval Complex). The water depth in AOC 501 varies from 20 to 35 
feet.  The area is bordered by the Groin Break Wall, the Naval Degaussing Station (Pier Y), the 
main channel of the Cooper River, and the shoreline.  The eastern perimeter of AOC 501 is 
coincident with the Cooper River Inner Channel Line, and the area is known to have swift 
currents and poor visibility.  A copy of the 1945 NAS Charleston facility map is included in 
Appendix A.  Information provided by the U.S. Army Corps of Engineers (USACE)-Charleston 
District indicates that portions of AOC 501 have been dredged since late 1943 as part of the 
program of routine dredging to maintain the navigational channel on the Cooper River.  A map 
presenting the USACE program of planned dredging during 2002 for the segment of the Cooper 
River near AOC 501 is included in Appendix A. 

AOC 503 like AOC 501 was first identified as a single point map location indicating two Mk-17 
Depth Bombs (AOC 503) were jettisoned from a seaplane on 8 October 1943 (see Appendix A).  
This convention of identifying the incident on the station map was continued from 1945 until the 
1990s.  Subsequent to the October 1943 depth bomb jettisoning incident, according to the 
Corrective Measures Report for Section H, AOC 503 approximately six to eight feet of dredge 
spoils from the adjacent Shipyard Creek were deposited in this marshy area as part of standard 
and periodic dredging efforts.   AOC 503 consists of 9.85 acres located at the southern boundary 

 2-1 
 



Final UXO Risk Assessment and Mitigation Measures Report June 2007 
For Sites 501 and 503, Former Charleston Naval Complex Contract # N62467-06-0125 
 
of Zone H. The size of the area was developed from an analysis conducted by the Naval EOD 
Technology Division (NAVEODTECHDIV), Indian Head, Maryland to encompass an area 
which would include possible points where the jettisoned bombs would have landed given the 
possible inaccuracies of the map coordinates. This site is a wooded marshy area bounded on the 
south by Shipyard Creek and on the north by Buildings 655, the former base commissary, and 
665, the former base package store.  

2.3 Previous Investigations 
As part of Navy’s due diligence effort to affect the mandated closure of the Charleston Naval 
Base under the 1993 Base Realignment and Closure (BRAC) decision, the two munitions event 
sites were investigated as part of the Interim Measures.  A synopsis of the completed Interim 
Measures Reports and the efforts to locate and recover potential munitions at each site is 
provided in Appendix C. 
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3.0 

3.1 

3.1.1 

3.2 

3.2.1 

ANTICIPATED INTRUSIVE ACTIVITIES DURING PORT FACILITY 
CONSTRUCTION 

 
Intrusive Activities in AOC 501 

Area of Concern 501 is an offshore location in the Cooper River adjacent to the dredged 
navigation channel.  Port construction will require extensive dredging and movement of 
sediment within AOC 501.  These activities will have the potential to disturb Munitions and 
Explosives of Concern (MEC) items lying on or below the floor of the Cooper River and need to 
be addressed in this Risk Assessment.   

Dredging Protocol 
A considerable dredging operation will take place at the proposed port facility in order to raise 
and lower underwater sediment levels to their final design-required grade.  It is estimated that 6.4 
million cubic yards of sediment will be dredged to achieve these grades.  Current dredging plans 
call for sediment removal to a depth of -49 feet Mean Low Water (MLW) which coincides with 
the Federal Channel over-dredge and advanced maintenance depth.  These depths will require the 
dredge heads to cut in the Cooper Marl formation which consists of a more consolidated material 
than overlying sediments and will require a larger cutter section dredge.  The cutter head on a 
dredge literally cuts up sediment, breaking it into pieces that the suction pipe behind the cutter 
head is then able to transport through the smaller pipeline and discharge to the approved location.   

Dredgers generally have a cutter head on the end of a “ladder” that is lowered and swung in an 
arc.  The material is broken loose and sucked into the suction pipe.  The material can then be 
placed on a barge for transport or directly piped to an onshore location.  If the sediment is 
delivered via pipeline onshore, the Daniel Island Confined Disposal Facility will be used.  This 
site is on the southern end of Daniel Island between the Cooper and Wando Rivers.  This is the 
anticipated method of transporting dredged material at this site. 

Intrusive Activities in AOC 503 
Construction of the proposed port facility will require the following surface intrusive activities 
which will elevate any potential risk in the construction of the port facility. 

Installation of Wick Drains 
Areas of the construction footprint will be raised with fill to elevations of 14 to 16 ft. above 
Charleston Low Water (CLW).  To limit post construction, primary settlement of fill material, 
vertical drains or “wick drains” will be installed within the footprint of the proposed port on 5-ft 
centers.  These wick drains will be installed to nominal depths of 45 to 80 ft and are planned on 
5-ft centers throughout most of the site footprint.  Installation of the wick drains is performed by 
either a crane mounted or crawler mounted piece of equipment.  The drains are inserted into the 
subsurface using a “push” method where insertion velocities may reach up to 2.5 feet per second.  
The downward dynamic force of the wick drain rig may reach up to 20 tons during installation.  
If existing subsurface soils are relatively dense, pre-drilling may be initiated to loosen the 
material enough for the installation of the wick drain.  It is possible that vibratory equipment 
may be used to aid the installation of the wick drains but pre-drilling or vibration is not expected 
to be required on the proposed port facility. 
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3.2.2 

3.2.3 

Installation of Pilings  
Pile supported structures will be built at various locations within the proposed port footprint.  
Buildings requiring deep foundations or retaining walls will make use of driven piles.  Piles 
could consist of timber, steel pipe and HP-section piles, steel sheet piles or square pre-stressed 
concrete (PSC) piles. Methods employed to install each of these foundation types vary but one of 
the more common methods is the use of an impact hammer.  This method will install the piles to 
approximate depths ranging from 40 to 80 ft. and will reach into the Cooper Marl.  Forces at the 
head of the pile may be as high as 500 kips.  Installation of square PSC piles require a hammer 
with rated energy of 40 to 100 ft-kips.  Steel pipe pile installation requires a force as high as 
1700 kips near the pile top.  That energy dissipates somewhat as it moves down the pile.   

Vibratory drivers/extractors will likely be used during construction of the proposed port facility.  
These units have a possible driving force of up to 100 tons but it is anticipated these units will be 
used to extract temporary piles or existing piles which may obstruct progress.  

Installation of Site Utilities, Storm Drain System, and Retention Pond Excavation 
The proposed port facility will have standard subsurface utilities and a storm sewer system.  
These utilities will be approximately 3 to 5 ft below finished grade.  Installation of these utilities 
will be handled by mid-size equipment such as backhoes and trenching machines.  Storm water 
drains will consist of pipe up to 108 inches in diameter and will run to the proposed retention 
pond on the west end of the site foot print.  It is estimated the maximum trench depth will be -3 ft 
CLW.  The bottom of the retention pond will be approximately -5 ft CLW.  Mitigation measures 
for site utilities and retention pond construction are given in Section 7.0. 
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4.0 

4.1 

4.2 

4.3 

DATA REVIEW AND EVALUATION OF EVENT AND INVESTIGATION 
 

Armed/Unarmed and Explosive Sensitivity 
In the case of both munition loss events, the ordnance has been incorrectly categorized as UXO.  
This appellation is reserved for ordnance dropped or fired as intended, but subsequently failing 
to function as designed.  This leaves the munition potentially in the most hazardous condition 
due to the possibility that the primary explosive in the fuse detonator, which is by design the 
most sensitive explosive in a munition, is aligned with the main charge.  This is not a likely case 
in either event, as the potential for the two munitions or explosives of concern (MEC) to have 
armed is improbable.    

At AOC 501, the two AN Mk-47 depth bombs likely fell from a Navy vessel and would not have 
the fuses installed precluding the potential for arming.   Similarly, there is a low probability that 
the two AN Mk-17 depth bombs supposedly jettisoned from a Navy aircraft into AOC 503 
would be armed, although probably fuzed, since the standard operating procedure for a pilot 
undergoing a jettison event is to release his ordnance in such a manner that the arming wires are 
retained in the fuse which maintains the munition in a relatively safe, unarmed, and less sensitive 
condition.  Therefore, any detonation of these four depth bombs would only occur if the main 
charge explosives were to function as a result of sufficient shock or high heat.  The main charge 
explosive in the Mk-47 was Torpex and in the Mk-17 the main charge explosive was TNT.  Both 
of these bomb fillers were by design to be relatively insensitive in order to safely withstand the 
rough handling of military operations.  

Ordnance Preservation in Charleston Area Sediments (AOC 501) 
The recovery of the Confederate Submarine H.L. Hunley in 2000 is a testament to the 
preservation qualities of the sediments in the Charleston Harbor. Similar preservation effects 
may have occurred with the depth bombs in AOC 501.  

 If still present, the depth bombs dropped within AOC 501 have been submerged in the bottom 
sediments of the Cooper River for over 63 years.  This time interval is less than half the total 
time the H.L. Hunley had been submerged in the waters off of Charleston Harbor. However, the 
depth bomb casings were much thinner than the boiler plate hull of the H.L. Hunley.  The depth 
bomb casings were only 0.06-inches thick and it is reasonable to conclude that even with some 
preserving effect from the sediment the strong currents and storms would have periodically 
provided exposure sufficient to either penetrate the bombs or greatly reduce their already thin 
cases.  

Ordnance Preservation in Pluff Mud (AOC 503) 
As presented in a database of locally-relevant terminology in the Charleston, South Carolina area 
(http://www.charlestonwiki.org), Pluff Mud is a low-country term used to describe the dark soft 
soil in the area marshes.  Pluff mud typically has a distinct odor resulting from a unique 
combination of bacteria, water content and climate.  This anaerobic mud could have a 
preservative effect on munitions which became entrapped. 
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The standard casings for the Mk-17 depth bombs were 0.06-inches thick (Appendix B).  While 
the potential preservation of these depth bombs in Pluff Mud within AOC 503 is a factor to be 
considered, it is also probable that the extremely thin bomb casing may have corroded. 

4.4 Sediment Transport at Ordnance Locations 
There have been multiple major storm events in South Carolina and Charleston during the past 
63 years and it is probable that during large storms and periods of increased river flow the river 
bottom sediments from the lower Cooper River (including AOC 501) and the lower Ashley River 
may be scoured and re-deposited downstream in Charleston Harbor. 

Information presented in the Comprehensive Hurricane Data Preparedness Study Web Site 
http://chps.sam.usace.army.mil/USHESdata/SC/SCmainreportpage.htm (maintained/updated  by 
the Federal Emergency Management Agency [FEMA] and the U.S. Army Corps of Engineers 
[USACE]), indicates that between 1900 and 1999, a total of 14 tropical cyclones of hurricane 
intensity directly impacted the shoreline and coastal plains along the South Carolina coastline.  
Four of these 14 storms were classified as major storms (category 3 and 4 on the Saffir/Simpson 
scale).   

Two category 4 storms also impacted the South Carolina Coast and were named Hurricane Hazel 
(October 1954) and Hurricane Hugo (September 1989).  Hurricane Hazel made landfall near 
Little River, South Carolina (near the South Carolina/North Carolina border) with 106 mph 
winds and tides up to 16.9 feet.  Hurricane Hugo struck Charleston, South Carolina on 
September 21, 1989 as a Category 4 storm.  Hurricane Hugo ranked as the eleventh most intense 
hurricane at the time of landfall to strike the United States.  The storm surge from hurricane 
Hugo was the highest ever recorded on the East Coast.  

Storms of these intensities are likely to erode, re-entrain, and redeposit riverbed sediments (and 
dropped ordnance items) from the lower reaches of the Cooper River downstream to Charleston 
Harbor.  The torrential hurricane-produced rainfalls (with consequent increases in river discharge 
levels) and storm surges during the past 63 years may have worked to relocate the Mk-47 depth 
bombs to areas beyond the established AOC 501 boundary.  Regardless of location (whether 
inside or outside the AOC 501 boundary), it is DoD policy to respond to requests for assistance 
from proper civilian authorities when any military munitions are encountered.  

4.5 Probability of Striking Ordnance 

Examination of the Charleston Site Office Excavation Permit for the CNC Container Terminal 
dated 13 October 2006 indicates that utility line trenches will not likely impact AOC 501 or 503.  
Due to the maximum proposed depth of storm water utilities, a possibility exists that 
construction of these drains could contact one of the Mk Series bombs.  This possibility, 
however, would be remote.    

Ninety percent of AOC 501 will be dredged during the construction of the proposed container 
port.  If the bombs are still in AOC 501 when dredging activity occurs, the Mk-47 depth bombs 
will likely come in contact with the dredge cutter head.  As addressed previously, this occurrence 
would be unlikely due to sediment transport over the past 63 years.  If the MEC items do come in 
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contact with the dredge cutterhead, there is a low level of probability that the MEC item will 
detonate.  This is due to factors such as if the item is armed or unarmed and the condition of the 
item after 63 years in subsurface conditions. 

There is an 11 to 39 percent, probability, depending on orientation of striking one of the two Mk-
17 depth bombs during wick drain installation.  This cumulative probability was derived from 
the Visual Sampling Plan program whose tailored report is provided in Appendix D.  This 
computer simulation was also employed for generating the chances of striking a bomb during 
installation of the building piles and the pile clusters for the light poles and found to add only a 1 
percent increase in probability.    
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5.0 RISK ASSESSMENT METHODOLOGY 
 

The Navy utilizes methodologies derived from Military Standard 882, Standard Practice for 
System Safety for managing risk and delineates the requirements and procedures in 
OPNAVINST 3500.39B, Operational Risk Management.  This Navy Instruction requires a 
systematic approach to examining risk attendant with any pending operation.  It has been used in 
Appendix E to assess risk associated with MEC encounters when intrusive operations are 
undertaken at AOCs 501 and 503 during construction activities in developing the proposed 
container-ship terminal facility at the former Charleston Naval Base.  This methodology 
necessitates identifying and assessing the hazards and making a subjective risk decision based on 
the possibility of occurrence and the severity of the potential incident.  From this input Risk 
Assessment Codes are developed.  Finally, means are developed to mitigate unacceptable levels 
of risk.  In this particular case, the lack of detailed incident documentation prevents the use of a 
more statistical approach to the risk assessment, except in the case of assessing the probability of 
striking a bomb discussed in Section 4.5. 
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6.0 ANALYSIS/RISK ASSESSMENT 
 

This MEC hazard assessment report has focused on two specific munitions events and locations 
in and around the property of the former Charleston Naval Complex.  As with other DoD 
facilities, especially those active during major wars and conflicts when munitions may have been 
routinely loaded, transported, or used at an installation, there is always a potential to encounter 
MEC in the form of UXO, lost/misplaced munitions, or intentionally discarded munitions.  There 
is the potential to encounter MEC from historical facility operations at the former Charleston 
Naval Complex, especially during intrusive activities.  Contact with the depth bombs believed to 
be in AOC 501 and AOC 503, as well as other potential MEC should be anticipated and 
mitigated to the extent possible during the performance of intrusive operations such as wick 
drain installation, piling placement, retention pond excavation, or river dredging.  MEC from 
historical operations at the former Charleston Naval Complex are most likely not visible at the 
surface, and may have become obscured over time in subsurface soils or river sediments.  If DoD 
MEC are encountered at the former CNC, it is the DOD’s responsibility to respond to proper 
civilian authorities request for assistance. 

Appendix E provides the Risk Assessment Codes derived from employing the methodology cited 
above for determining the probability of explosive hazards at AOC 501 and AOC 503 during 
known potential intrusive activities.  

In summary, the potential for striking a depth bomb, if one is present, is greatest during wick 
drain installation and dredging operations.  However, factoring in previous investigations, 
potential for causing a detonation due to contact, and the potential for other activities to have 
caused bomb removal or movement, the risk is substantially reduced. In AOC 503 the potential 
is greatest for hitting one of the two depth bombs during wick drain installation, therefore, 
additional mitigation techniques should be considered.   In AOC 501, if the sequence of low 
probabilities were to occur and caused a detonation of a depth bomb, significant protection from 
blast and fragmentation would be afforded by the water column although damage would occur to 
dredging equipment and perhaps the barge.  A similar combination of low probability events 
would need to occur in AOC 503 to cause a detonation and again significant damping of blast 
and fragmentation would be afforded by the overlying 12 feet or more of water entrained soil.    
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7.0 RISK MITIGATION MEASURES 

Most risk mitigation measures and rough orders of magnitude (ROM) costs are provided in 
Appendix D for each of the potential intrusive activities. It is evident that installation of the wick 
drains will be the activity with the greatest risk and mitigation should be strongly considered, 
including the indicated utilization of remote activation of the direct push portion of the process. 

Construction of site utilities and the port’s retention pond may reach potential depths of -3 feet 
CLW and -5 feet CLW, respectively.  The current proposed location for the retention pond 
intersects the southeastern edge of AOC 503.  Initial mitigation measures included the possible 
reconfiguration or realignment of the pond to eliminate overlap into AOC 503; however, current 
construction design constraints will not accommodate such a change.  Therefore, a recommended 
mitigation measure (Hazard Mitigation for Intrusive Activity No. 4) was developed to address 
those areas of the retention pond that extend into the AOC area.   

When areas of the retention pond inside AOC 503 must be excavated to depths below the dredge 
spoil thickness (approximately six feet below current ground surface), then Hazard Mitigation 
for Intrusive Activity No. 4 applies.  In this hazard mitigation measure, two Unexploded 
Ordnance Technicians using handheld magnetometers will survey the excavation area once an 
initial six-foot excavation depth has been achieved.  This UXO screening team will continue to 
investigate for anomalies using phased approach as excavation is deepened in two-foot depth 
increments.  This screening process will be continued until the required excavation depth has 
been achieved. 

As necessary, a similar approach could be applied to excavations for site utilities.  As long as the 
utilities were confined to placement within the surficial six feet of dredge spoils, no mitigation 
measures should be required.  Final utility routings and installations might be slightly rearranged 
to avoid extension into the deeper excavated areas (e.g., the retention pond in AOC 503) or 
routed to avoid the need for deeper excavated installations.  However, if an underground utility is 
to be emplaced at deeper (such as -3 feet CLW) depths below the dredge spoils (within the 
perimeter of AOC 503), then phased UXO magnetometer survey should be performed to identify 
potential metallic anomalies and to reduce the potential for excavation machinery encountering 
potential UXO when installing deeper utilities in the subsurface beneath AOC 503. 
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Charleston Naval Base Maps (Historical)

 



 

Document Source: 
RDA Plan Room, former Charleston Naval Complex 
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Appendix B 
 

Description of AN-Mk-17 Depth Bomb 
and 

AN-Mk-47 Depth Bomb 
 

Excerpt from 
OP1664, U.S. Explosive Ordnance 

28 May 1947 
With Change 1 Date 15 Jan 1969 
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Fuzing 
ATHWARTSHil'-Because of numerous in

stances in water e!"ash landings whero deptn 
bombs fuzed with Athwartship Fuze:s AN-Mk 
224 or AN-Mk 231 exploded, these -two fuzes 
have been sus)li!nded from use. As a const>
quenC1}, the Depth Bombs Mk 17 Type, AN-Mk 
41 and AN-:Mk ·1<1 may be used onl;· il a nose 
impact fuu is installed. 

NOSE-Nose Mechanical Impact f"uze AN
},fk 219 will not arm if dropped !rom below 
2.500 feet when used on a bomb with the flat
nose attachment or a Hat no3e. It requires an 
auxiliary booster and the Adapter Ring Mk 
219. It gives instantaneous action. Nose M~ 
chanie.'ll Impact ruus Mk 221 and Mk 239 with 
delay of 0.01 second wi li not ann on a flat nose 
if dropped from below 2.500 !eet. Nose Me
chanie.'ll lmpact Fuzes AN-MlOS and AN-
11!I03AI (In~tantaneous only) have been de
sig-ned with special vanes for flat-nose bomb$. 

Body construction 
AN- Mk 17 Mod 2 and AN-Mk 44--Thesc 

depth bombs are made with round noses welded 
to a c)•lindrical steel tube. There is a 4tremrth
ening disc around the nose and a 11.teel 10trip 
alon~t the 3uspe!lllion lug!!. to reinforoo tht> body. 
The transver~J.e fuze p~ket is 11.9 indies abaft 
the nose. To prevenL ricochet and impJ:'ove un· 
derwater t rajec.to:ry, a. flat-nose attachment is 
made for these bombs, the attachment being 
in the shape of a bucket which tita down over 
the nose and is filled with pl33ter of paris, in· 
creasing the weig-ht of the bomb by 44 pounds. 
The bomb case is extreme!)' thin. 

AN-Mk 41 .md AN-Mk 47-These bomb! 
are cons tmcted with a flat nose, ther-e being a 
sl!g-ht. taper from the walls to the nose. The 
body is in three pieees. The s.ides are tubular 
with a transverst fuze pocket tube welded in 
place 15 inches abaft the nose. 

Suspension: Suspension of these bombs is br 
the usual dual or $in~tle lu:I!'S, tbe lugs being 
welded to the bomb. The l;ingle lug is actually 
somewhat different than is usually found, being 
in the form of a bracket rather than a lug. 

Trunnions on a band are for displacement l!:e.ar 
in dive bombing. 

Tall tonstruetian.: ln~Jtead of employing the 
box-type tail, thse bombs use a drum taiL As 
~en from the after end, it [s circular and has 
four fliill extending at right anl{les to ea<:h other. 
The fins are spot-w~lded to a cilne which fits 
ov~r the after end of th4l bomb. Th~ fins a1·~ 
also spot-weld.ed to the drum shroud. The tail 
is bolted onto the bMe of the bomb. 

Markings : TNT-loaded bombs have weiR'ht 
and Mark number stendlled in. yellow; Torpex
loaded bombs have the.!ie items stencilled in blue. 

Remarks: The S2.'J.pound Depth Bomb Mk 
17 is TNT-loaded but has a light tail IIIJsembly ; 
the Mk 17 Mod 1 is the same, except that a 
sturdier tail assembly is u!Jed. The AN- Mk 17 
Mod 2 is similar to the Mod I , but baa a larger 
filling hole. 

The Mk 17 is obsolete; the Mk 17 Mod l , 
AN-Mk 17 Mod 2, AN-Mk 4<1, AN- Mk 47, and 
AN-},tk 41 are obs-olescent. 

325-, 350-pound D&pth AN-M. 53 Mod I 
(TNT), AN-Mk 5-4 Mod I (HBX), Mk 53 
(TNT) , o11nd Mlr 54 (TorpeJC) 

Over-all length, inches.- . . -. , , . , . - .... 52.5 
Body length, inches .. . . .. . . --.-- . . . .. 33.2.0 
Body diameter, inehes . . _ . ___ . _ . • ____ _ .13.8 
Wall thickness, inch ............ _ .. . _ . 0.06 
Tail length, inches .. - ....... . .. . ... .. . 24.5 
Tail width, inches-- - . - .. - - .... ....... 13.9 

AN-Mk$3 
Modl 
Mk$3 

Fillin g .... ... ... . TNT 
Wt. of fllllng .. ___ . 225#' 
Total weig-ht .. . .. . 330# 
C-hg./Yi't. ratio . ... 68%-

F.Wog 

MU-4 
Torpex 
2.')0# 
354# 
70.6% 

AN~Mk ~4 
Mod I. 

HBX 
250# 
354# 
70% 

NosE- AN -MIOS, AN -MlOSAl (must 
have modified arminJ!' vane.s for use with nat
nose bomb) . AN-Mk 219 (with an adapter ring) 
may be used in the n.os~ if the AN-Ml03 with 
the moditied vanes is not a~'ailable. The AN-Mk 
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Appendix C 
 

Previous Investigation of AOC 501 and AOC 503 
 

 



Summary of Previous Investigations of AOC 501 and AOC 503 
 

C.1 Previous Investigations in AOC 501  
During the interval between the development of RCRA Facility Investigation (RFI) Reports for 
Naval Base Charleston by Ensafe/Allen & Hoshall during 1996, and the subsequent completion 
of Corrective Measures Study (CMS) Reports for Naval Base Charleston by Ensafe during 1999 
and 2000, it was decided by Southern Division Naval Facilities Engineering Command 
(SOUTHDIV) that an Interim Measure (IM) would be completed for AOC 501.  The IM would 
be performed by the Supervisor of Shipbuilding, Conversion and Repair. Portsmouth Va., 
Environmental Detachment Charleston (SPORTENVDETCHASN), and the IM objective was to 
locate, excavate, and remove identified anomalies, UXOs, and any associated contaminated soil. 
If the UXOs were not detected and recovered, the secondary IM objective was to perform a due 
diligence search and verify via a geophysical survey that the ordnance was either previously 
removed or was located several feet below the river bottom to allow for unrestricted release of 
the property.  

Decision to Perform Interim Measures  
In preparation for closure of the Charleston Naval Base, in 1995 a RCRA Facility Investigation 
(RFI) was performed.  During the RFI, a waterborne site labeled Area of Concern 501 was 
identified for further investigation to evaluate the existence of two Mk-47 Torpex-loaded depth 
bombs believed to have been dropped in the area.  During the interval between the 1995 RFI and 
the eventual completion of the Corrective Measures Study in 1998, it was decided by Southern 
Division Naval Facilities Engineering Command (SOUTHIDIV) that an Interim Measure would 
be performed by Supervisor of Shipbuilding, Conversion and Repair. Portsmouth Va., 
Environmental Detachment Charleston (SPORTENVDETCHASN). The objective of this IM 
was to locate, excavate, and remove identified anomalies, UXOs and any associated 
contaminated soil.  If the UXOs were not found, the secondary objective was to perform a due 
diligent search and verify via a geophysical survey that the ordnance was either previously 
removed or was located several feet below the river bottom to allow for unrestricted release of 
the property.  

Reactives Management Corporation Investigation 
Reactives Management Corporation (RMC) was contracted in April 1998 to perform the search 
and diving operations in the AOC 501 area.  The instrumentation selected to support the survey 
included a Datasonics CHIRP II acoustic sub-bottom profiler which bounces frequency 
modulated (FM) acoustic signals from two channels (2 to 8 Hz and 8 to 23 Hz), a Hydrographic 
Survey Products Digital Marine Gradiometer Model 50 (DMG-50) solid-state magnetometer and 
a White’s Electronics, Inc., Surfmaster Pulse Induction (PI) Plus underwater metal detector.  A 
Global Positioning System (GPS) beacon was mounted vertically on the stern of the boat to 
record the anomaly locations for future reference. 

The Explosive Safety Submission forwarded and approved by the Department of Defense 
Explosive Safety Board indicated that if UXO was encountered in the search EOD Mobile Unit 
Two Detachment Charleston would be responsible for removal using EOD Standard Operating 
Procedures. 
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Electronic searches of AOC 501 were performed during July 27-28, 1998 and the diving 
operations were completed between July 30 and August 13, 1998.  The AOC 501 area was 
thoroughly searched by remote techniques.  Seven anomalies were detected; however the follow 
up diving and investigation indicated that none of these anomalies were ordnance or ordnance 
related.  Diving at the anomaly target GPS coordinates confirmed these were caused by a badly-
corroded oxygen breathing apparatus canister; chain shackles or links; beer can, metal nails in 
wood and rusted pliers; a clump of angle iron; discarded metal cable; a variety of pipe debris; 
and numerous small magnetic pieces.       

1998 Interim Measure Completion Report for AOC 501 
Subsequent to performing the interim measures, The AOC 501 IM Report was submitted by the 
Navy (SPORTENVDETCHAN) to the South Carolina Department of Health and Environmental 
Control (SCDHEC) on 20 October 1998.  The transmittal letter indicated the AOC 501 IM report 
was submitted to fulfill the requirements of Permit Condition IV.D.6 for Permit SC0170022560 
(This report is still a draft report and was not approved by SCDHEC). 

C.2 Previous Investigations in AOC 503  
The Final RCRA Facility Investigation (RFI) Report for Zone H—Naval Base Charleston was 
completed by Ensafe/Allen & Hoshall in July 1996.  During later studies to locate these UXO 
items, NAVEODTECHDIV revised the search area based on the original 1945 map location 
(Appendix A) and the configuration of the old seaplane runway present at the time of the 
munitions incident.  Based on that analysis, AOC 503 was expanded to include approximately 
9.85 acres south of the former seaplane runway at the facility.  As described in the Interim 
Measure Completion Report prepared for this area completed during 1999, AOC 503 is a 
wooded, marshy area bounded on the south by Shipyard Creek, and on the north by Buildings 
665 and 655.    

1996 EODMU 6 
In a memo (Recommendations regarding ordnance remediation on Charleston Naval Base) from 
the Commanding Officer NAVEODTECHDIV to the Commanding Officer NAVBASE 
Charleston dated 17 October 1996, there is mention of an unsuccessful search for the two 
jettisoned Mk-17 depth bombs.  This referenced ordnance search was described as performed by 
EOD Mobile Unit Six using Mk-26 Gradiometer instrumentation.  The same 17 October 1996 
memo also indicates that the after action report for the effort was not available to describe the 
actual areas searched during that effort.   

1997 Interim Measure Completion Report for AOC 503 

In 1997 an Interim Measure (IM) was performed AOC 503 as part of the Installation Restoration 
Program (IRP) for the Charleston Naval Base Complex.  The IM was performed by the 
Supervisor of Shipbuilding, Conversion and Repair, Portsmouth, VA, Environmental 
Detachment, Charleston (SPORTENVDETCHASN).  The objective of the IM was to locate, 
excavate, and remove identified anomalies/UXOs and any associated contaminated soil.  The 
primary UXO items believed to be in the area were the two jettisoned Mk-17 depth bombs from 
1943.  This summary report (Interim Measure Completion Report for AOC 503) was released on 
9 October 1997.  (This report is still a draft report and was not approved by SCDHEC). 
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NAVEODTECHDIV from Indian Head, MD was utilized to perform the geophysics survey at 
AOC 503 for the jettisoned depth bombs with the Automated Ferrous Ordnance Locator (AFOL) 
which uses an Ultrasonic Ranging and Data (USRAD) positioning system coupled with a G-822 
L magnetometer.  AFOL was a prototype system developed by NAVEODTECHDIV that 
supported operation without degradation in wooded areas and areas of dense foliage where 
global positioning systems (GPS) often failed to operate.  

A draft operating procedure for this analysis (dated 15 July 1996) describes the Mk-17 Depth 
Bomb search targets and search process for the Automated Ferrous Ordnance Locator (AFOL) 
prepared by NAVEODTECHDIV.  The operating procedure indicated that the original impact 
depth in the marsh was less than six feet.  The marshy area of AOC 503 had received 
approximately eight feet of dredged materials from adjacent portions of Shipyard Creek.  Based 
on suspected depth bomb trajectories and the subsequent emplacement of the dredged river 
bottom materials, it was believed that the depth bombs would most likely be located within 14 
feet of the ground surface.  The operating procedure also indicated that at the maximum potential 
depth (14 feet), the magnetic signature of an Mk-17 depth bomb would be very close to the 
background noise signal of the instrumentation, making deeply buried UXO items very difficult 
to detect.   

During the IM effort, AOC 503 was expanded to include approximately 9.85 acres south of the 
former runway at the facility, based on the mapped jettison location and the configuration of the 
old seaplane runway, as previously described in Section C.2 of this appendix.  The AOC 503 
area was cleared of underbrush to permit the access and use of the survey equipment.  The 
survey began in January 1997 and was performed in sixteen marked subsections.  A total of 18 
anomalies were initially identified and ten of these locations were eliminated from further 
consideration as they were the result of surface metallic debris, and an additional anomaly that 
had been masked by another nearly anomaly was added during the data re-evaluation, leaving a 
total of nine anomalies for excavation. 

Excavations of the remaining nine anomalies were accomplished using an Automated Ordnance 
Excavator, a Caterpillar 325L long-reach excavator (developed by Wright Laboratory, Air Base 
Technology Branch, Tyndall AFB) with a tele-operated remote control system.  The detected and 
excavated anomalies consisted of various pieces of sheet metal, metallic fragments, lengths of 
metal pipe, a corroded metal handle, and other metallic debris.  Excavations were planned to be 
advanced until the anomaly could be identified.  However, in several instances the anomalies 
could not be visualized.  Due to the porous/sandy makeup of the soils, intrusion of shallow 
groundwater into excavations, and the risk of potential cave-ins excavations were not advanced 
beyond 18 feet below ground surface. 

An independent third party, UXB International, Inc (UXB), was directed by 
SPORTENVDETCHASN to evaluate the geophysical data and verify that all potential UXO 
targets had been removed.  UXB recommended performance of another geophysical survey 
using an EM-61 metal detector to produce better depth calculations that the data generated from 
the magnetic data alone.  The limited EM-61 survey data was completed by 
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NAVEODTECHDIV and the new data eliminated two identified anomalies from further 
consideration as potential Mk-17 depth bomb locations. 

Following the completion of all site work and data review on June 18, 1997, 
SPORTENVDETCHASN had investigated all potential UXO targets and proved through 
geophysical surveys that no other potential UXO existed within 15 feet from the surface at AOC 
503.  The Interim Measure Completion Report for AOC 503 concluded that 
SPORTENVDETCHASN had met the intent of performing a due diligent search and verifying 
via geophysical survey that the ordnance was either previously removed or located at a safe 
distance below the ground surface of the property. 

1999 Draft Zone H—AOC 503 Corrective Measures Study Report  
A Corrective Measures Study (CMS) was prepared by EnSafe/Allen & Hoshall for NAVFAC 
Southern Division under the Navy CLEAN contract in 1999 to identify, screen, develop, 
evaluate, and compare remedial action alternatives to mitigate hazards and threats to human 
health and the environment in AOC 503.  As established in the previous IM report, AOC 503 
was described as 9.85 acres of woody marsh bordered on the south by shipyard Creek, and on the 
north by Building 655 (the former base commissary and Building 665 (the former base package 
store).  Because of the potential for to encounter UXO during intrusive activities, no samples 
were collected in support of a RCRA Facility Investigation (RFI) program or a Corrective 
Measures Investigation (CMI) program for AOC 503.   

However, an existing pair of facility grid groundwater wells (GDH-011 and GDH-11D) was 
located within the 9.85 acres of AOC 503 on the west side of an unpaved extension of Ozark 
Avenue that intersects Tidewater Road along the bank of Shipyard Creek.  The CMS report 
indicated that no detectable concentrations of 14 pyrotechnic constituents evaluated by Method 
8330 were recorded during two rounds of groundwater sampling at these well locations. 

That report also indicated that the potential physical hazard of uncontrolled UXO detonation can 
be life threatening and posed the most significant threat at AOC 503.  Although no physical 
evidence of UXO was identified by the Navy EOD Team, the safety risks the site personnel 
completing soil borings an/or constructing groundwater monitoring wells at AOC 503 far 
outweighed any benefits that might be obtained by samples and analyzing the soil and/or 
groundwater for chemical constituents. 

For this reason the remedial goal options (RGOs) for AOC 503 were focused on corrective 
measures that would further reduce the risk of physical hazard due to an uncontrolled detonation.  
The technology screening retained two alternatives which included: (1) no further remedial 
action, and (2) institutional controls.  Under Alternative 1, the UXO would remain in place and 
there is no additional protection of human health or the environment because no institutional 
controls were included.  Although Alternative 1 was technically feasible and easily implemented 
with no associated costs, human exposure to the UXO remained possible and the long-term 
reliability and effectiveness were minimal.  The other retained alternative (Alterative 2) involved 
the use of institutional controls (perimeter fencing and locked gates, land-use restrictions via 
deed notifications, and entry and excavation warning signs on the perimeters fencing. 
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The report recommended Alternative 2 (Institutional Controls) be selected for implementation 
because it increased protection of human health and the environment by restricting access to an 
area in which UXO materials may be located over the no action alternative.  It was presumed that 
under Alternative 2 that AOC 503 would remain undeveloped and would be used for wildlife 
habitat enhancement of the surround ecosystem.  (The 1999 CMS Report is still a draft report 
and was not approved by SCDHEC). 
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Appendix D 
Risk Assessment and Potential Mitigation Methods with Cost 

Estimates  
 

  



Reference: OPNAVINST 3500.39B 

1. Intrusive Activity: Inserting Wick Drains every 5 feet on center in AOC 503.  

Potential Explosive Hazard:  Contacting buried Mk-17 depth bomb and initiating main charge 
Hazard Categories Mishap Probability Mishap Probability Definition 
  

Hazard 
Category A B C D A-Likely 

I- May cause death I 1 1 2 3 B-Probably in time 
II- May cause severe injury II 1 2 3 4 C-May Occur in Time 
III- May cause minor injury  III 2 3 4 5 D-Unlikely to Occur 
IV-Minimal threat  IV  3 4 5 5   
      RAC = 3 based on analysis 

    RAC 
Definitions       

    1- Critical        
    2- Serious        
    3- Moderate       
    4- Minor        
    5- Negligible       
Rationale:

A. The Navy conducted an extensive search for the two missing bombs as part of due diligence prior to 
releasing the property from Navy Control.  Therefore it is likely that the ordnance was previously removed 
or the event did not occur.  

B.  If the bombs are present, there is an 11 to 39 percent probability (depending on bomb orientation) that a 
wick drain installation pipe will contact a bomb which cumulatively elevates the risk.  

C.  If a bomb is contacted the jarring action would be unlikely to cause a detonation before the operator 
recognized refusal and withdrew the direct push insertion pipe.  

D.  The previous investigation revealed no MEC to a depth of 10-12 feet in AOC 503, thus providing a 
protective layer of soil which would provide significant shielding and reduce the fragmentation if a 
detonation were to occur.   

E.  The operator will be afforded some protection from fragmentation by the machinery. 
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Hazard Mitigation for Intrusive Activity No. 1:

Action Rough Order of Magnitude Cost

1. Limit the number of field personnel to those essential during 
intrusive activities associated with driving piles. 

Modified work plan only - no cost. 

2. Train equipment operators on explosive hazards. One day, UXO contractor-provided 
Explosive Ordnance Hazards 
Course.  $1000 inclusive of 
manhours, travel, per diem.   

3. Provide enhanced protection to the equipment cab to protect 
the operator. 

Add 3-inch Plexiglas windshield or 
thickness determined by Buried 
Explosive Model (BEM) for potential 
ejecta from soil. 

4. Use a less intrusive method to install piles, e.g. drill with 
downhole magnetometry verification. 

Double current estimated cost for 
wick drain installation. 

5.  Automate operational controls in wick drain installation 
equipment during push operation.  

$15 - $20K per machine in 
accordance with Robotics Research 
Group, Air Force Research Lab plus 
some loss of productivity.  See Note 
below. 

6.  Conduct a precursor geophysical survey of AOC 503 with 
electromagnetometry after brush and debris has been cleared to 
two feet below current ground surface and investigate 
anomalies.  

$ 200K 

7.  Modify distance between wick drains. Doubling distance between drains 
(10-ft on-center) reduces probability 
of encountering a bomb to 2.5 to 11 
percent probability and would 
reduce cost of installation, but may 
increase the required drain time to 
an unacceptably long period. 

8.  If refusal occurs installing wick drain, withdraw the equipment 
from the boring and relocate the boring 5 ft. away. 

Modified work procedure only - no 
cost. 

 
Note: 
Point of Contact for Robotics Research Group, Air Force Research Lab: 
Walter Waltz 
Robotics Research and Development Group 
USAF Research Lab, Tyndall AFB 
(http://www.ml.afrl.af.mil/mlq/g-robotics.html) 
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2.  Intrusive Activity: Using Pile Drivers to install piles for buildings, piers, and utility poles in AOC 503. 

Potential Explosive Hazard:  Contacting buried Mk-17 depth bomb and initiating main charge. 
Hazard Categories Mishap Probability Mishap Probability Definition 

  
Hazard 

Category A B C D A-Likely 
I- May cause death I 1 1 2 3 B-Probably in time 
II- May cause severe injury II 1 2 3 4 C-May Occur in Time 
III- May cause minor injury  III 2 3 4 5 D-Unlikely to Occur 
IV-Minimal threat  IV  3 4 5 5   
      RAC = 4 based on analysis 
    RAC 

Definitions       

    1- Critical        
    2- Serious        
    3- Moderate       
    4- Minor        
    5- Negligible       

Rationale:

A. The Navy conducted an extensive search for the two missing bombs as part of due diligence prior to 
releasing the property from Navy Control. 

B. The number of piles will be substantially less than the number of Wick drains with a probability of 
contacting a bomb during pile driving activity at between 2 percent and 3 percent. 

C.  If a bomb is contacted the jarring action would be unlikely to split the case then cause a detonation and 
additional benefit is derived from the lubricating nature of the water entrained mud. 

D.  The previous investigation revealed no MEC to a depth of 10-12 feet in AOC 503, thus providing a 
protective layer of soil which would provide shielding effect and reduce the fragmentation arc.   

E. The operator will be afforded some protection from fragmentation by the machinery. 
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Hazard Mitigation for Intrusive Activity No. 2:

Action Rough Order of Magnitude Cost

1. Limit the number of field personnel to those essential during 
intrusive activities associated with driving piles. 

Modified work plan only - no cost. 

2. Train equipment operators on explosive hazards. One day, UXO contractor-provided 
Explosive Ordnance Hazards 
Course.  $1000 inclusive of 
Manhours, travel, per diem.   

3. Provide enhanced protection to the equipment cab to protect 
the operator. 

Add 3-inch Plexiglas windshield or 
thickness determined by Buried 
Explosive Model (BEM) for potential 
ejecta from soil. 

4. Use a less intrusive method to install piles, e.g. drill with 
downhole magnetometry verification. 

Double current estimated cost for 
pile driving. 

5.  Automate operational controls in Pile driving equipment.   $15 - 20 K per machine in 
accordance with Robotics Research 
Group, Air Force Research Lab, plus 
some loss of productivity.  See Note 
below. 

6. Eliminate pile driving in AOC 503. Unknown cost to modify plans for 
building and light fixtures.  

 
 

Note: 
Point of Contact for Robotics Research Group, Air Force Research Lab: 
Walter Waltz 
Robotics Research and Development Group 
USAF Research Lab, Tyndall AFB 
(http://www.ml.afrl.af.mil/mlq/g-robotics.html) 
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3.  Intrusive Activity: Conducting dredging operations in AOC 501. 

Potential Explosive Hazard:  Using Dredge and contacting buried Mk-47 depth bomb and initiating main 
charge. 

Hazard Categories Mishap Probability Mishap Probability Definition 
  

Hazard 
Category A B C D A-Likely 

I- May cause death  I 1 1 3 3 B-Probably in time 
II- May cause severe injury II 1 2 4 4 C-May Occur in Time 
III- May cause minor injury  III 2 3 4 5 D-Unlikely to Occur 
IV-Minimal threat  IV  3 4 5 5   
      RAC =  4 based on analysis 
    RAC 

Definitions 
  

    
    1- Critical        
    2- Serious        
    3- Moderate       
    4- Minor       
    5- Negligible       

Rationale:

A. The Navy conducted an extensive search for the two missing bombs as part of due diligence prior to 
releasing the property from Navy Control. 

B. There is a high probability that the two depth bombs may have migrated downstream with the movement 
of sediment during hurricanes and heavy storms. 

C.  If a bomb is contacted the cutter of the dredge will most likely will chew the remains of the bomb to 
pieces and suck the residue into the dredge spoils without causing a detonation. The thin skin of the bombs 
and the length of time potentially sitting in salt water will have most likely allowed penetration of the case. 
The cooling and lubricating effect of the water will aide in any probability of detonation if contacted. 

D.  There is a protective layer of 20 - 35 feet of water in the AOC 501 which will substantially reduce any 
overpressure or fragmentation effect if a detonation were to occur. 

E. The dredge barge will provide some protection from any potential detonation that might occur. 
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Hazard Mitigation for Intrusive Activity No. 3:

Action Rough Order of Magnitude Cost

1. Limit the number of personnel on the barge to those 
essential during dredging and ensure only the operator is on 
the dredge side of the barge. 

Modified work plan only - no cost. 

2. Train equipment operators on explosive hazards. One day, UXO contractor-provided 
Explosive Ordnance Hazards 
Course.  $1000 inclusive of 
manhours, travel, per diem.   

3. Provide enhanced protection to the equipment cab to protect 
the operator. 

Add 3-inch Plexiglas windshield or 
thickness determined by the DOD 
Buried Explosive Model (BEM) for 
potential ejecta from soil. 

4. Operate dredge in manner keeping cutting head at maximum 
distance from Barge. 

Increased cost may result from 
reduced production.  

5.  Operate dredge in AOC 501 during periods when water 
depth is greatest.  

Increased cost may result from 
reduced production.  

6. Perform a pre-dredging electromagnetic survey within AOC 
501 to confirm and verify the absence of potential metallic 
objects inside the areas of the Cooper River to be dredged.   

$100K 
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4.  Intrusive Activity: Using Excavators/Bulldozers to install retention pond within the area of AOC 503. 

Potential Explosive Hazard:  Contacting buried Mk-17 depth bomb and initiating main charge. 
Hazard Categories Mishap Probability Mishap Probability Definition 

  
Hazard 

Category A B C D A-Likely 
I- May cause death I 1 1 2 3 B-Probably in time 
II- May cause severe injury II 1 2 3 4 C-May Occur in Time 
III- May cause minor injury  III 2 3 4 5 D-Unlikely to Occur 
IV-Minimal threat  IV  3 4 5 5   
      RAC = 4 based on analysis 
    RAC 

Definitions       

    1- Critical        
    2- Serious        
    3- Moderate       
    4- Minor        
    5- Negligible       

Rationale:

A. The Navy conducted an extensive search for the two missing bombs as part of due diligence prior to 
releasing the property from Navy Control. 

B. The portion of the retention pond inside the footprint of AOC 503 is relatively small (approximately 0.75 
acres).  An even smaller area of the retention pond inside AOC 503 will require excavation to a depth 
greater than six feet (the minimum thickness of dredge spoils reportedly placed on the surface after the loss 
of the depth bombs in 1943).  The use of trained UXO Technicians to magnetically screen exposed 
subsurface soils prior to excavation will aid in detecting subsurface metallic objects.  A phased approach to 
performing deeper excavations (greater than six feet deep) in two-foot increments (within AOC 503) will 
facilitate the electromagnetic screening of the materials to be excavated by the UXO Team and reduce the 
potential for disturbing buried depth bombs during retention pond excavation and installation. 

C. Should a depth bomb be encountered during excavation inside AOC 503, then the UXO Technicians will 
be onsite to assess the situation.  The size and mass of the missing depth bombs will benefit the UXO 
Technicians in identifying potential bomb items with handheld magnetometers.  Screening of subsurface 
soils prior to deeper depth excavations within AOC 503 should minimize the potential for accidental contact 
between excavation equipment and the missing depth bombs.  As a result of the magnetometer screening 
and the incremental excavation in two-foot layers, it is unlikely that an excavator or bulldozer could split a 
bomb case and/or possibly initiate a detonation. 

D. The previous investigation revealed no MEC to a depth of 10-12 feet in AOC 503, thus providing a 
protective layer of soil which would provide shielding effect and reduce the fragmentation arc.   

E. The operator will be afforded some protection from fragmentation by the machinery. 

 D-7 



 

 
Hazard Mitigation for Intrusive Activity No. 4:

Action Rough Order of Magnitude Cost

1. Limit the number of field personnel to those essential during 
intrusive activities associated with retention pond excavation. 

Modified work plan only - no cost. 

2. Train equipment operators on explosive hazards. One day, UXO contractor-provided 
Explosive Ordnance Hazards 
Course.  $1000 inclusive of 
manhours, travel, per diem.   

3. Excavate through the first six feet of dredge spoils.  Certified 
UXO Technicians will perform magnetometer field-screening in 
those areas of the retention pond (and any utility trenching) 
within the footprint of AOC 503 that require excavation to 
depths greater than six feet below ground surface.  Initiate 
phased approach to excavation using two foot increments.  
UXO Technicians will continue to handheld magnetometers to 
identify potential subsurface UXO before each successive two-
foot excavation. 

The area of the planned retention 
pond inside AOC 503 perimeter is 
less than one acre (~ 0.75 acres). 
Only a portion of the pond will 
require excavation to a depth greater 
than six feet below ground surface.  
Costs include a two-man UXO Team 
for the duration of phased excavation 
within AOC 503 (assumed to be less 
than four days). 

4.  Automate operational controls in the equipment used for 
deeper Retention Pond excavation within AOC 503.   

$15 - 20 K per machine in 
accordance with Robotics Research 
Group, Air Force Research Lab, plus 
some loss of productivity.  See Note 
below. 

5. Eliminate the need for the retention pond in AOC 503 
(establish an alternate configuration to avoid deeper 
excavations in the footprint of AOC 503). 

Unknown cost to modify plans for 
building and light fixtures.  

 
 

Note: 
Point of Contact for Robotics Research Group, Air Force Research Lab: 
Walter Waltz 
Robotics Research and Development Group 
USAF Research Lab, Tyndall AFB 
(http://www.ml.afrl.af.mil/mlq/g-robotics.html) 
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Appendix E 
 

Determination of Probability to Encounter Mk-17  
Depth Bombs During  

Wick Drain, and Pile Installation 

 



 

Probability of Encountering a Bomb in Site AOC 503 Charleston Naval Complex 
 
The following table summarizes the parameters involved in encountering a bomb in site 
AOC 503 at the Charleston Naval Complex.  A figure that shows AOC 503 in the field is 
also provided below. 
 

SUMMARY OF SAMPLING DESIGN 

Primary Objective  Determine the probability of hitting an AN-Mk-17 
bomb during wick drain installation. 

Type of Sampling Design Hot spot 
Sample Placement (Location) 
in the Field 

Systematic (Hot Spot) 
with a random start location 

Formula for calculating 
number of sampling locations Singer and Wickman algorithm (1969) 

Calculated total number of samples 16,735 
Type of samples Point Samples 
Number of wick drains on map a  16,736 
Number of areas b  1 
Specified area c  418,363.55 ft2

Grid pattern Square 
Size of grid / Area of grid d  5 feet / 25 ft2
e   
 
a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples,  
 or 3) selecting or unselecting sample areas. 
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
 contain the locations where samples are collected. 
c The sampling area is the total surface area of the selected colored sample areas on the map of the site. 
d Size of grid / Area of grid gives the linear and square dimensions of the grid spacing used to systematically place 
 samples. 
e Including measurement analyses and fixed overhead costs.  See the Cost of Sampling section for an explanation of 
 the costs presented here. 
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Primary Sampling Objective 
The primary purpose of sampling at this site is to determine the probability, 1-β, of 
encountering one of two AN Mk-17 depth bombs while installing wick drains in Site AOC 
503. 
 
 
Selected Approach 
Installation of wick drains requires systematic grid penetration of the 9.85 acres every 5 
feet creating a 5-foot by 5-foot grid.   
 
 
Number of Total Samples:  Calculation Equation and Inputs 
The algorithm used to calculate the grid size (and hence, the number of samples) is 
based on work by Singer for locating geologic deposits [see Singer (1972, 1975) and 
PNNL-13450 for details].  Inputs to the algorithm include the size, shape, and 
orientation of the bombs, an acceptable probability of not finding a bomb, and the 
desired type of grid.  For this design, the probability of detection was calculated based 
on a given grid size and other parameters.  
 
The inputs to the algorithm that result in the probability of detection grid size and 
probability of detection are: 
 
 
 

PARAMETER DESCRIPTION VALUE 
Inputs   
Grid Type Grid pattern (Square, Triangular or Rectangular) Square 
Grid Size Spacing between samples 5 feet 
Grid Area Area represented by one grid 25 ft2

Sample Type Point samples or square cells Points 
Hot Spot Shape Hot spot height to width ratio 0.24375 
Hot Spot Size Length of hot spot semi-major axis 32 inches 
Hot Spot Area a Area of hot spot (Length2 * Shape * π) 5.44543 ft2

Angle Angle of orientation between hot spot and grid Random 
Sampling Area Total area to sample 418,363.55 ft2

Outputs   
1-β Probability of hitting one bomb 22 percent 
 Probability of hitting either bomb 1-((1-21.75)^2) 39 percent 

 

a Length of semi-major axis is used by algorithm.  Hot spot area is provided for informational purposes. 
 
 
 
 
The following graph shows the relationship between number of samples and the 
probability of finding the hot spot.   
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The dashed blue line shows the actual number of samples for this design (which may 
differ from the optimum number of samples because of edge effects). 
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Statistical Assumptions 
The assumptions associated with the sample spacing algorithm are that: 
 

1. The target bombs (its projection onto the coordinate plane) are elliptical, 
2. Installation of wicks is accomplished in a square grid, 
3. A very small proportion of the area will be penetrated (the wick mandrill is 

much smaller than the bomb), 
4. The presence or absence of the bomb is easily defined, and 
5. There are no misclassification errors (a bomb is not mistakenly overlooked or 

non-MEC items are not mistakenly identified as a bomb). 
 

These assumptions cannot be validated through data collection.  The size and shape of 
the bombs is well defined prior to determining the number of wick drains.  
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Sensitivity Analysis 
The sensitivity of the calculation of number of samples was explored by varying the 
effective bomb shape (Shp), effective bomb size (Size) and the bomb orientation angle 
(Ang) and examining the resulting changes in the number of samples.  The following 
table (below) shows the results of this analysis. 
 
 

Number of Samples 
 Ang=0 Ang=22.5 Ang=45 

Shp=0.2 Size=16 90,418 81,463 81,463 
  Size=32 22,605 20,366 20,366 
  Size=48 10,047 9,052 9,052 
Shp=0.3 Size=16 54,307 54,307 54,307 
  Size=32 13,577 13,577 13,577 
  Size=48 6,035 6,035 6,035 
Shp=0.4 Size=16 40,732 40,732 40,732 
  Size=32 10,183 10,183 10,183 
  Size=48 4,526 4,526 4,526 

 
Shp = Bomb Shape (Height to Width Ratio) 
Size = Bomb Size (Length of Semi-major Axis) 
Ang = Angle of Orientation (between bomb and wick drain grid) 

 

Visual Sample Plan (VSP) software version 4.6d. 

Software and documentation available at http://dqo.pnl.gov/vsp  

Software copyright (c) 2007 Battelle Memorial Institute.  All rights reserved. 
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South Carolina State PORTS AUTHORITY 

October 16, 2006 

Mr. Gene Knisley, Operations Director 
Charleston Naval Complex Redevelopment Authority 
) 360 Tm1<:ton A venue, Suite 300 
North Charleston, 29405-2005 

Dear Mr. Knisley: 

Subject: Charleston Caretaker Site Office Excavation Permit 
Charleston Naval Base Container Terminal 
Soils Investigation 

I'.<). j;o.x 2 !l~7 

The South Carolina State Ports Authority is proceeding with the development of the 
construction of a container terminal at the south end of the former Charleston Naval 
Complex. To complete design of the test embankment and containment structure additional 
geotechnical data is required. Please find attached a Charleston Caretaker Site Office 
Excavation Permit application for the associated work. Attached to the application you will 
find a description of the work provided by S&ME. 

If you have any questions or require any additional information, please do not hesitate to 
contact me at (843) 356-7049. 

Sincerely, 

David N. Smith, P.E. 
Senior Project Engineer 

cc (via email): Joe Bryant, Philip La\Wence - SCSPA 
Dudley Patrick, David Criswell, Steve Beverly - U.S. Navy 
David Scaturo, Jerry Stamps, Stacy French - SCDHEC 
Tonuny Lavender, Joan Hartley- Nexsen Pruet 
Chuck Black. Andrew Wertz, Aaron Goldberg- S&ME 



I CHARLESTON CARETAKER SITE OFFICE EXCAVATION PERMIT ! 
' !Reqvester: Fill out lop portion. Sign and date 

Location: Contractor: 'Date of Reauest; 

I Former Charleston Naval Complex S&ME October 16, 2006 

IHas the proposed work been staked out? _jYes l:LJNo 
IFacitityl Work involved (Please check below) 

ExcavationB Drainage Ditches= Railroad TracksCJ 
Pavements Other: 

Overhead Lines . Utilities Communicalions§ -Underground lines Utilities Communications 
~ 

[[]other: Method of Excavation: Hand Power Shovel soils inv&Sllgetion -Ditcher Auger -
Scope Of Work; (Deplh, width, length. locatioo & sketch as applicable, road closure, service interuption. etc.) 

See attached scope of work and location. 

jExcavator(s) must establish locations and depths or utilities in work area prior to digging. Locations of utililies as shown 
on drawing{s), are apprOJCimate and mus! be field verified by hand digging, cable/pipe locators 0< olhe< apprO'v'ed methods 

Date Pennit Required: Termination Date of Permit: 

November 1, 2006 November 30, 2006 

Sign~~ Date: Phone Number: 

October16,2006 {843) 884-5114 --
Caretaker Site Office Review 

Points of Contact: 1. Who is the current Land Owner/ Leasee? 

CPW : Robert Sagasser 2. Is the Area inside the CIA? Yes No ,......___ I-

(work) 529·0653 3. Are any SWMU(s) impacted? If yes, list. Yes No < \ 
~ ~ 

(page} 570-0390 4. Are any AOC(s) impacted? If yes, list. Yes No l ) - ,......__ 
5. Has OHEC been notified? Yes No - -SCE&G: R.W. Smith 6. Will soil need to be temporarily stockpiled? Yes No - -(work) 745-6381 7. What constituents will soil be tested for? 

8. Soil Test results above residential background? aves BNo 
9. Soil Test results above industrial background? Yes No 

10. Area where soil is to be stockpiled? rnee Attached Mag.} 

RDA: Gene Kniesley 11. What is the serial# of forwarding letter to ROA? - -
Sevver POC: 

(work) 747-0010 
Permit Approved? r-lYes rlNo 

CSO Authorizing Signature: Date out: 

CH2MHILUJ.A. Jones Signature: 

BEC Signature: Serial Number: 

CSO Officer Signature: 



October 16, 2006 

Mr. David N. Smith, P.E. 
South Carolina State Ports Authority 
P.O. Box 22287 
Charleston, SC 29413-2287 

Reference: Scope and Schedule of Field Exploration 
Proposed Charleston Naval Base Container Terminal 
Test Embankment and Fill Containment Structure 
North Charleston, South Carolina 
S&ME Project No. 1131-06-850 

Dear Mr. Smith: 

This letter presents our scope of field exploration and testing for the test embankment and fill 

containment structure at the proposed Charleston Naval Base Container Terminal. 

Scope of Services 

We propose to explore for the two referenced project elements by performing twenty-eight CPT1 

soundings or soil test borings at the locations shown on the attached Proposed Test Location 

Plan -Dig Permit. The eighteen borings/soundings around the east perimeter of the site will be 

terminated in the Cooper Marl Formation at a depth of about 80 ft to 100 ft. For the remaining 

10 test locations clustered in the center portion of the site borings/soundings will be about 10-ft 

to 15-ft deep and ±10-ft deep test pits will also be excavated in this area; these exploration depths 

are confined to soils within the dredge fill at the surface. 

Within the CPT soundings, an electronically instrumented cone penetrometer will be hydraulically pushed through 
the soil to measure point stress, pore-water pressure and sleeve friction. The CPT data will then be used to 
determine soil stratigraphy and to estimate soil parameters such as effective stress, friction angle and undrained 
shear strength. The CPT sounding provides a nearly continuous subsurface profile, obtaining measurements at 
approximately 2 to 5 cm intervals. 

S&ME. INC 620 Wanda Park Boulevard/ Mt. Pleasant, SC :?9464 1 p 843.884.0005 f 843.881.6149; www.smeinc.com 



Scope of Field Exploration 
Proposed Charleston Naval Base Container Terminal 
North Charleston, South Carolina 

S&ME Project No. 1131-06-850 
October 16, 2005 

All boring locations will be established in the field using GPS units accurate to within 3-ft. Little 

site clearing will be required, and we do not anticipate the necessity of any formal 

decontamination procedures for our equipment. A few of the soundings may fall within paved 

areas, which we will patch upon completion of our work. A local surveyor will be subcontracted 

to establish the vertical elevation of all the soundings and test pits. 

Schedule 

Once you provide authorization to proceed with our services, we will mobilize to the site within 

about two weeks for the exploration on land; this exploration should be completed with about 3 

days in the field. For the over-water exploration, we plan to mobilize our crews to the site the 

week of November 6, 2006. Approximately two weeks will be required to complete the over

water exploration. 

Closure 

We look forward to continuing our work with the Ports Authority and Moffatt & Nichol on this 

important project. Please call if you have any questions about this letter. 

Sincerely, 

S&ME, Inc. 

/- f 

··. ( l l--~~e_·~- -, 
- ----"·,-2} 
A;on D. Goldberg, P.E. / 
Project Manager L 

ADG/adg 

cc: Jim Girouard (Moffatt & Nichol) 

2 



LEGEND 

• PROPOSED BORING AND SOUNDING LOCATIONS 

-+- EXISTING BORING, SOUNDING AND WELL LOCATIONS 

1. This drawing is based on a December 8, 1997 topographical drawing provided by Davis a: Floyd, Inc. 
Spot elevation& depicted on thia drawing rvference the Chorleaton Naval Baae Wean LD111 Water (CNB 
lolLW) datum, which ia based on tidal record& collected locally at the Charleston Naval Base. 0 .26 ft 
CNB lolLW = 0.00 ft CLW = -2.64 ft NGVD-29 

2. Thie dro1rlng Is for llluetrotlve purposes only and should not be used fer datermlnatlon of distances or 
quantities or be used for design or construction. 

3. The depicted test locations for this project were eatablished with a sub-mater accurate global 
positioning satellite (GPS) system. The depicted historical test locations were eatablished by scaling 
distances off associated lest location plans and should be considered approximate. 

4. Areas dllfined oe Solid Waste Management Units (SWMU) end Areoa of Concern (AOC) ore thoae made 
known to So!li:lolE oa of June 2003 and ore· ahown for general reference only. 
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PROPOSED TEST LOCATION PLAN • DIG PERMIT 
CHARLESTON NAVAL BASE CONTAINER TERMINAL 

SOUTH CAROLINA STATE PORTS AUTHORITY 
NORTH CHARLESTON, SOUTH CAROLINA 

SCALE: AS SHOWN DRAWN BY: LAJ APPROVED BY: 

DATE: 
10-13-06 

FIGURE NO. 



S()Uth Carolina State POllTI AUTHORlff 

October 13, 2006 

Mr. Gene Knisley, Operations Director 
Charleston Naval Complex Redevelopment Authority 
1360 Truxton Avenue, Suite 300 
North Charleston, 29405·2005 

Dear Mr. Knisley: 

Subject: Charleston Caretaker Site Office Excavation Permit 
Charleston Naval Base Container Terminal 

P.(l. !lox u~87 

(X.H! S1 1i·70.1~ 

F11~: !8.;31.,5..;·'ot.7 

The South Carolina State Ports Authority is proceeding with the construction of a container 
terminal at the south end of the former Charleston Naval Complex. Please find attached a 
Charleston Caretaker Site Office Excavation Permit application for the associated work. 
Attachments to the application include a detailed project description; drawings of the 
conceptual layout and construction details; and infonnation regarding the pile and vertical 
wick materials and installation equipment. 

Given the history of the site and the nature of the construction, there are expected to be areas 
that will require additional evaluation before a permit can be granted. Therefore, we request 
a partial permit be issued for those areas where there are no outstanding issues or concerns. 
This will serve to identify the outstanding problem areas and focus efforts towards 
addressing any construction limitations and/or land use restrictions. 

We are continuing with permitting and design of the tenninal, therefore, we appreciate your 
efforts in facilitating the approval process. If you have any questions or require any 
additional information. please do not hesitate to contact me at (843) 856-7049. 

DavidN Smith, P.E. 
Senior Project Engineer 

cc (via email): Joe Bryant, Philip Lawrence - SCSPA 
Dudley Patrick, David Criswell, Steve Beverly - U.S. Navy 
David Scaturo, Jerry Stamps, Stacy French · SCDHEC 
Tommy Lavender, Joan Hartley - Nexsen Pruet 
Chuck Black, Andrew Wertz - S&ME 



i CHARLESTON CARETAKER SITE OFFICE EXCAVATION PERMIT 
I 

!Requester: Fill out top portion. Sign and date. 

I Location: Contractor: J Date of Reau est: 

I Former Charleston Naval Complex Owner: SCSPA I Contractor: TBD October13.2006 

!Has the proposed work been staked out? _JYes LLJNo 
Facility/ Work involved (Please check below) 

ExcavationtE Drainage Ditches X Railroad Tracks0 
Pavements X Other: see a!ladled X 

Overhead lines : Utilities x Communications; 
Underground Lines . Utilities x Communications X . 
Method of Excavation: Hand x Powe.r Shovel X mother: see attadle<I 

Ditcher x Auger X -
Scope Of Work: (Depth. width, length. location & sketch as applicable, road closure. seNice interuption, etc.) 

The scope of work includes the complete construction of a marine container terminal as described in the attached documents. 

Excavator(s) must establish location$ and depth$ of utilities in INO(k area prior to diggrng. Locations°' utilihes as shown 
on drawing(s), are approximate and must be field verified by hand digging, cable/pipe locators or other approved methods 

Date Permit Required: Termination Date of Permit: 

November 30, 2006 NA 

Signa;u~~/rl::h Date: Phone Number: 

October 13, 2006 (843) 884-5114 --1 - \...1 - I 

Caretaker Site Office Review 

Points of Contact: 1. Who is the current land Own.er/ Leasee? 

CPW : Robert Sagasser 2. Is the Area inside the CIA? Yes No - -(work) 529-0653 3. Are any SWMU(s) impacted? If yes. I isl. Yes No ( ) - -
(page) 570-0390 4. Are any AOC(s) impacted? If yes, list. Yes No ( ) - -

5. Has DHEC been notified? Yes No 
~ -

SCE&G: R.W. Smith 6. Will soil need to be temporarily stockpiled? Yes No - -
(work) 745-6381 7. What constituents will soil be tested for? -- -

8. Soil Test results above residential background? BYes 8No 
9. Soil Test results above industrial background? Yes No 

10. Area where soil is to be stockpiled? {~ee Attached Ma.Q} 

RDA: Gene Kniesley 11. What is the serial# of forwarding letter to RDA? - - -
Sewer POC: 

(work) 747-00tO 
Pennit Approved? r-1Yes rlNo 

CSO Authorizing Signature: Date out: 

CH2MHILL/J.A. Jones Signature: 

BEC Signature: Serial Number: 

CSO Officer Signature: 



 
 
SOUTH CAROLINA STATE PORTS AUTHORITY 
CHARLESTON NAVAL BASE CONTAINER TERMINAL 
DIG PERMIT PROJECT DESCRIPTION 

DIG PERMIT PROJECT DESCRIPTION 

1.0   PROJECT OVERVIEW AND LOCATION 

The South Carolina State Ports Authority (SCSPA) proposes to construct and operate a new 
marine container terminal in North Charleston, South Carolina. The proposed site for building 
the terminal is the former Charleston Naval Complex (CNC) South site, along Shipyard Creek 
and the west bank of the Cooper River. The project site is bordered by Tidewater Road on the 
south, Bainbridge Avenue on the north, Holland Street to the west and the existing shoreline on 
the east (see attached Figures 1 and 2). The CNC-South site is mostly undeveloped. There are 
some existing buildings, roads and facilities within the site which are part of the existing Federal 
Law Enforcement Training Center. Current access to the site is from Bainbridge Avenue. 

The neighboring properties can be seen in Figure 1. Approximately 206 acres of the existing site 
are uplands and approximately 15 acres are wetlands. Filling open waters (or tidelands) and 
constructing a 3,510-ft long wharf structure will create the remaining area. 

A portion of the uplands area is an inactive dredge material disposal basin with elevations 
varying from about 21 ft Charleston Low Water (CLW) at the northern end of the basin to 12 ft 
CLW near the southern end of the basin. The southern part of the dredge spoil basin is 
surrounded by a dike that has crest elevations varying from about 15 ft CLW to 18 ft CLW. The 
dike is wooded with small to medium sized trees, and the central portion of the spoil basin is 
covered by thick brush. The northern portion of the site is developed and generally covered by 
buildings, pavement, and grass fields. The elevations across the developed portions of the site 
range from about 8 ft CLW to 16 ft CLW. 

2.0   EXCAVATIONS AND UNDERGROUND ITEM DESCRIPTIONS 

Figure 1 shows the conceptual container terminal layout and the various terminal features with 
the areas of concern (AOC) overlaid on the layout. Figure 2 shows the project site with the 
AOC’s and the areas where there will be pile installations, wick drain installations, utility and 
storm drain system installations, and site excavations. Figure 3 shows a typical cross section of 
the container terminal with the items described in Figure 2 shown in the section along with some 
wick drain and surcharge details. Figure 4 shows a detail of the proposed wharf and fill 
containment structures and the associated piling and excavation. Figure 5 shows a detail of the 
side fill containment structure and piling. 

2.1 PILE SUPPORTED STRUCTURES 

Pile supported structures could be located any where on the proposed terminal footprint. Based 
on similar projects in the area and the preliminary designs, the deep foundations and retaining 
walls anticipated on this project will consist of steel pipe and HP-section piles, steel sheet piles, 
and square pre-stressed concrete (PSC) piles.  Sheet pile retaining walls are typically 
constructed with “Z” sections.  However, for this project, some walls may include “king” piles to 
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SOUTH CAROLINA STATE PORTS AUTHORITY 
CHARLESTON NAVAL BASE CONTAINER TERMINAL 
DIG PERMIT PROJECT DESCRIPTION 

resist both axial and lateral loads.  Depending on the size of the PSC pile, HP-section “stingers” 
may be spliced to the bottoms.  Timber piles are also an option for small building applications.  
Specifications for various pile types are included. 

Lightly loaded landside structures may be supported on 7-in. (minimum) tip diameter timber 
piles, while more moderately loaded structures will require 10 to 14-in. square PSC or HP10 to 
HP12 section steel piles.  Axial compressive structural loads transmitted to the piles are typically 
up to 30 tons for timber piles and up to 100 tons for the concrete or steel piles.   These piles are 
installed into the underlying Cooper Marl bearing strata with impact hammers having maximum 
rated energies in the range of 15 to 40 ft-kips.  The marl depth varies across the site from about 
40 to 80 ft.  Dynamic forces at the pile head from pile driving may reach as high as 500 kips.  
This impact force travels down the pile and dissipates within the soil as skin friction and end 
bearing components are developed.  Track mounted crawler cranes capable of lifting 35 to 65 
tons are typically used for pile installation.  Attached are specifications for a typical air 
(Conmaco 65), hydraulic (ICE 75), and diesel (APE/Delmag D19-42) hammers used for this 
application.  Cranes are typically required to carry 35 to 65 ton loads.  Specifications for a 50-
ton Link Belt crane are also included. 

The wharf and crane rails are typically supported on 20-in. to 30-in. square PSC piles, which 
extend from the Cooper Marl bearing strata to the structural connection at the pile top.  Steel HP 
sections are spliced to the PSC sections and penetrate into the Cooper Marl to obtain the axial 
capacity.  These piles are designed to support axial compressive loads of about 100 to 250 tons 
and hammers having rated energies in the range of about 40 to 100 ft-kips are required to install 
the piles and mobilize the required capacity.  Steel pipe piles (30-in. diameter) may also be used 
to support the crane rail as well as act as “king piles” in the retaining wall which will contain the 
upland fill from the berthing area.  Dynamic impact forces generated by pile driving may reach 
as high as 1700 kips near the pile top.  However, these forces dissipate within the soil as the 
wave travels down the pile.  The cranes used in these applications are typically in the range of 
100 to 200 tons.  Sample specifications for 150- and 200-ton Link Belt cranes are attached, as 
are specifications for an APE D36-32 and a Berminghammer B-5505 diesel hammer (also 
please refer to the Conmaco 200E5 hammer specification as a potential air hammer for this 
application). 

It is anticipated that vibratory driver/extractors will also be used during construction.  Typically, 
these pieces of equipment are used to install steel HP, pipe, or sheet sections, which may be 
incorporated into permanent structures or used for temporary templates, guides, or shoring 
applications.  These vibratory driver/extractors are also useful in removing temporary piles, or 
existing piles which may hinder new construction.  Specifications of several vibratory 
driver/extractors are included. 

Pile and Equipment Specification Attachments: 

Spiral Weld Steel Pipe Pile Specifications 

Rolled & Welded Steel Pipe Pile Specifications 
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Steel HP-section Pile Specifications 

AASHTO/PCI Standard Pile Products and Specifications 

AZ Hot Rolled Steel Sheet Piling Specifications 

Pipe / AZ (PA) Combined Wall System Specifications 

Southern Pine Foundation Piling Specifications 

Conmaco Air Hammer Specifications 

ICE Model 75 Hydraulic Hammer Specifications 

APE/Delmag D19-42 Diesel Hammer Specifications 

Link-Belt 50, 150, and 200-ton Lattice Boom Crawler Crane Specifications 

APE/Delmag D36-32 Diesel Hammer Specifications 

Berminghammer B-5505 Diesel Hammer Specifications 

MKT V-20B/HP-325B Vibratory Driver/Extractor Specifications 

HPSI Vibratory Hammer Specifications 

ICE Model 216 and 44-30 Hydraulic Vibratory Driver/Extractor Specifications 

2.2 WICK DRAIN INSTALLATION AND SITE CONSOLIDATION 

In order to develop the existing site into the proposed container terminal, portions of the site will 
be raised with fill to final subgrade elevations of about 14 ft to 16 ft Charleston Low Water 
(CLW).  Much of the upland portion of the site is filled marshland and existing ground surface 
elevations range from about 8 to 20 ft CLW.  In general, the existing subsurface conditions 
consist of a cohesive “crust” or sand underlain by soft soil deposits.  The soft soil varies in 
thickness from approximately 30 to 75 feet and is underlain by relatively incompressible sands, 
clays, and marl. In addition to the weight of the new fill, surface pressures from pavements, 
containers, and equipment are expected to be 500 to 850 psf.  To limit post construction 
settlement to < 6 in. of primary settlement, a surcharge program with wick drains has been 
proposed. 

As part of the site consolidation program, prefabricated vertical drains, commonly called wick 
drains, are planned for the entire footprint of the container terminal, except in the area of the 
storm water management pond and the wharf.  The following paragraphs discuss the spacing 
and layout of the wick drains, the drain materials, and the construction equipment and 
installation methods. 

Wick Drain Spacing and Layout 

Wick drains are planned at 5-ft center to center spacing across the site. See Figure 2 and 3 for 
details.  Wick drains will be installed to depths of approximately 45 ft to 80 ft to fully penetrate 
the soft soils near the surface and terminate in stiff incompressible soil deposits. 
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Materials 

Wick drains consist of the prefabricated drain material and an anchor.  The drain material is a 
stiff plastic core wrapped with a filter fabric, and is designed to allow water infiltration to the 
drain and then flow along the drain.  A photograph of a typical wick drain is attached.  The 
anchor is generally a thin steel plate or a small steel bar. 

Construction Equipment and Methods 

Wick drains are installed by specialized installation rigs.  A schematic of a typical wick drain rig 
is attached.  Installation rigs are typically crawler-mounted or crane mounted and photographs 
of each type are attached.  Considering the depths of the wick drains, crawler-mounted rigs will 
likely be used.  Ground pressures of 5 to 10 psi are typical for the tracks on a wick drain rig.  
Wick drains are then threaded into a steel mandrel and installed by pressing the mandrel into 
the ground.  The steel mandrel is rhombic-shaped and typically has a cross-sectional area of 
about 10 square inches or less.  Installation proceeds rapidly with the mandrel being inserted 
into the ground at velocities of up to about 2½ feet per second.  Anchors are secured to the 
bottom of a wick prior to installation to help prevent soil from entering the mandrel and to 
provide an anchor to hold the wick drain in place while the mandrel is withdrawn.  Wick drain 
rigs typically can produce a downward force of up to 20 tons to press the mandrel into the 
ground.  When the existing surface soils are relatively dense, loosening by pre-drilling may be 
necessary.  Alternatively, vibratory attachments are available to aid in penetration of the 
mandrel.  The use of pre-drilling and vibration is generally not expected to be necessary for this 
project. 

Surcharge and Site Settlement 

The surcharge will be required over the majority of the proposed terminal area, except in the 
area of the storm water management pond and the wharf.  The surcharge heights are proposed 
to range from 20 ft CLW to 30 ft CLW. The anticipated settlement of the existing ground in the 
project site ranges from 1 ft to 10 ft. 

Wick drain and Equipment Specification Attachments: 

Schematic of Wick Drain Installation 

Photograph of Typical Wick Drain 

Photograph of Excavator-Mounted Wick Drain Rig 

Photograph of Crane-Mounted Wick Drain Rig 

2.3 UNDERGROUND SITE UTILITIES AND STORM DRAIN SYSTEM 

After the project site soil consolidation program is complete, the construction of the proposed 
terminal infrastructure will begin. (See Figures 1, 2 and 3) Underground utilities for the terminal 
shall include electrical conduits and distribution systems, data and communication systems and 
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conduits, water lines, gas lines and sanitary sewer lines. These types of utilities would be 
installed approximately 3 ft to 10 ft below finished grades through out the terminal. These 
utilities would be installed by conventional methods such as a trenching with a back hoe or 
trenching machine. 

The storm water drainage system is proposed to consist of 24” to 108” diameter reinforced 
concrete pipe and manholes. The maximum trench depth for the storm drain pipe is anticipated 
to be approximately -3 ft CLW. The storm drain pipes will outfall into the storm water 
management detention pond located on the project site. The maximum depth anticipated for the 
detention pond is -5 CLW. 

 5 



AREAS: 

SWM POND 

NEW TIDEWATER ROAD 

WHARF AREA 

GATE/BUILDINGS AREA 

CONTAINER YARD 

TOTAL AREA 

25.0ACRES 

4.0ACRES 

18.0ACRES 

45.0ACRES 

194.0ACRES 

286.0ACRES 

IMPORTANT NOTE: 
THIS CONCEPTUAL TERMINAL LAYOUT IS PROVIDED AT THE 

REQUEST OF THE U.S. ARMY CORPS OF ENGINEERS TO 
ILLUSTRATE THE TYPES OF FACILITIES THAT MAY BE EXPECTED 

AT THE PROPOSED CONTAINER TERMINAL. THE ACTUAL 
TERMINAL LAYOUT WILL BE BASED ON SPECIFIC OPERATING AND 

CLIENT REQUIREMENTS AND MAY CHANGE OVER THE LIFE OF 
THE FACILITY. IT IS NOT INTENDED THAT THIS LAYOUT WILL BE 

USED TO LIMIT THE EFFICIENT USE OF THE FACILITY. 

~ 

~ 

~ 

• ~ 

+ + 

~ 

+ + 

+ 
+ + 

+ + 

+ 

,,._,,.., -

... - .. .. ,. 

\ 

\ 

DREDGE LIMITS 

DREDGE LIMITS 

\ 

\ 

COOPER 
RIVER 

1111o...-1111o.• MOFFATT&NICHOL 
•••"lllllllE N G I N E E R S 

_,,, AJ 

\ 

\ 

\ 

( 
...J w z 

~ 
(.) 

~ w c w u. b 
C) 2 z 
i= 
Cl) 

~ 

LEGEND 

c:=i STORM WATER MANAGEMENT POND - NEW BUILDINGS 

r=l R.M.G. STORAGE 

~ EMPTY STORAGE 

\ []]] WHEELED STORAGE 

REEFER STORAGE 

I 
KEYNOTES: 

0 
;:; 

CD ADMINISTRATION BUILDING 

® M & R BUILDING I CRANE MAINTENANCE 

) ® DRIVER RESOLUTION BUILDING 

© REEFER WASH 
/ ® MARINE BUILDING I LONGSHORE FACILITIES 

b 
fq 

® CRANE POWER 

0 RECEIVING GATE 

® DELIVERY GATE 

® O.C.R. PORTAL 

@ R.P.M. PORTAL 

@ SECURITY 

@ POV PARKING 

@ ILAPARKING 

@ EQUIPMENT PARKING 

@ TROUBLE PARKING 

@ ROADABILITY FACILITY 

@ MAIN ELECTRICAL SUBSTATION 
UTILITY HOOKUPS 

@) GEN-SET OPERATION 

Graphic Scale In Feet 

300 0 JOO eoo 

SOUTH CAROLINA STATE PORTS AUTHORITY --=-~-.... 

CHARLESTON NAVAL BASE CONTAINER TERMINAL 1: ..... ~-5_6_40_---1 
CONCEPTUAL TERMINAL LAYOUT 

SOUTH GATE ALTERNATIVE FlGURE 1 



IMPORTANT NOTE: 
THIS CONCEPTUAL TERMINAL LAYOUT IS PROVIDED AT THE 

REQUEST OF THE U.S. ARMY CORPS OF ENGINEERS TO 
ILLUSTRATE THE TYPES OF FACILITIES THAT MAY BE EXPECTED 

AT THE PROPOSED CONTAINER TERMINAL. THE ACTUAL 
TERMINAL LAYOUT WILL BE BASED ON SPECIFIC OPERATING AND 

CLIENT REQUIREMENTS AND MAY CHANGE OVER THE LIFE OF 
THE FACILITY. IT IS NOT INTENDED THAT THIS LAYOUT WILL BE 

USED TO LIMIT THE EFFICIENT USE OF THE FACILITY. 

\ 

\ 

\ 
DREDGE LIMITS 

·.·.·.·.·.·.·.· .. ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.··.·.·.·.·.·.· ·.·.·.· .. ·.·.·.·.·.··.·.·.·.· ·.·.·.· .. ·.·.·.·.·.·.·.·.·.·.· ·.·.·.· .. ·.·.·.·.·.·.·.·.·.·.·.·.·.·.· .. ·.·.·.·.·.·.·.·.·.·.· ·.·.·.·. TIDELAND AREA-

... - .. .. ,. 

PROPOSED WICK 
DRAINS, PILES, 
STORM DRAINS, 
UTILITIES, LIGHT 

POLES & 
SURCHARGE 

SIDE CONTAINMENT 
STRUCTURE 

,,._,,.., -

DREDGE LIMITS 

1111i....-1111i..• MOFFATT&NICHOL 
........ E N G I N E E R S 

_,,, AJ 

\ 

\ 

\ 

COOPER 
RIVER 

\ 

LEGEND 

D 
~ 
~ 

r=:-==--J 
L..=J 

STORM WATER MANAGEMENT POND 
TO DEPTH OF -5' CLW 

WICK DRAINS & PILES - UPLAND AREA 

WICK DRAINS & PILES - TIDELAND AREA 

PILES - WHARF STRUCTURE 

BERTHING AREA & TURNING BASIN 
DREDGING TO DEPTH -49' CLW 

Graphic Scale In Feet 

300 0 JOO eoo 

SOUTH CAROLINA STATE PORTS AUTHORITY 

CHARLESTON NAVAL BASE CONTAINER TERMINAL 1:HEl'~_5_6_40_~ 
CONCEPTUAL TERMINAL LAYOUT 

SOUTH GATE ALTERNATIVE FIGURE 2 



CONTAINER YARD 
FINISHED GROUND 
ELEVATION +14' TO +19'· 

150' WHARF STRUCTURE 

/TYPICAL PILE SUPPORTED 
j__ DOCK OFFICE BUILDING 

r ,..-, WICKED AND 

DREDGE 
DEPTH -49'=--'""""""""""...,,,,.""""""""""'"""""''llill~' 

SEE DETAIL VIBROCOMPACTED 
BACKFILL 

II 
I ~ I U 

\ BUILDING SUPPORT PILING 

-WHARF SUPPORT PILING 

ELECTRICAL., COMMUNICATIONS, WATER SURCHARGE 
AND SANITARY SEWER SERVICES NOT SHOWN ELEVATION 
(INSTALLED 3' TO 10' BELOW FINISH GRADE) +30• TO +40' 

STORM DRAINAGE SYSTEM 
24" TO 108' DIAMETER PIPE 
INSTALLED TO A MAXIMUM 
DEPTH OF -3' CLW 
(OUT FLOW TO SHIPYARD 
CREEK/COOPER RIVER) 

TYPICAL SECTION 
NOTTO SCALE 

(ELEVATIONS BASED ON CLW) 

5'-0" 5'-0" 

I I I r ---r--t-
1 I I I I 

-!--t-+-t--
1 I I I I 

,---+~-+-
5'-0" 

DRAINAGE WICK, TYP 

WICK DRAIN SPACING DETAIL 

IMPORTANT NOTE: 
THIS CONCEPTUAL TERMINAL LAYOUT IS PROVIDED AT THE 

REQUEST OF THE U.S. ARMY CORPS OF ENGINEERS TO 
ILLUSTRATE THE TYPES OF FACILITIES THAT MAY BE EXPECTED 

AT THE PROPOSED CONTAINER TERMINAL.. THE ACTUAL 
TERMINAL LAYOUT WILL BE BASED ON SPECIFIC OPERATING AND 

CLIENT REQUIREMENTS AND MAY CHANGE OVER THE LIFE OF 
THE FACILITY. IT IS NOT INTENDED THAT THIS LAYOUT WILL BE 

USED TO LIMIT THE EFFICIENT USE OF THE FACILITY. ... - .. .. ,. 

NOTTO SCALE 

............ MOFFATT &NICHOL 
111111"'11111~ N G I N E E R 5 

,,_,,, - _,,, AJ 

. . 

TYPICAL SUPPORT BUILDING 
(WHAREHOUSE, INTERCHANGE, 
MAINTENANCE, ETC.) 

HIGH MAST LIGHTS (100' HIGH) 
:I: 400' O.C. EACH WAY 
(TYPICAL) 

~ ------

TYPICAL PILE CLUSTER 

BUILDING SUPPORT PILING 

SOUTH CAROLINA STATE PORTS AUTHORITY 

CHARLESTON NAVAL BASE CONTAINER TERMINAL t.:....,...r---
56

_
40
_--1 

CONCEPTUAL TERMINAL LAYOUT 
TYPICAL CROSS SECTION FIGURE 3 



15'-0" 
~CRANE RAIL 

TOP OF DECK 
EL+19.00 

100'-0" 

BEAM@CRANE 
RAIL, TYP 

I TOR EL +18.86 
CAST-IN-PLACE CONCRETE 
FLAT PLATE DECK SL.AB 

FENDER SYSTEM 

· - ·---·-·. __ ·-··-··-·. ELl;)._OCL~~- - · . _ 

APPROXIMATE EXISTING 
MUDUNE, EL-5.0± TO -30.0± l 

-------------- ----

INITIAL OVERDREDGE EL -49.0 

30'' SQ. PIS CONCRETE PILES 
@ 8' O.C. CRANE BEAM ---.. 

30' SQ. PIS CONCRETE PILES 
@ 32' O.C. ALONG FRONT FACE 

1.li L..r' 
1r=-/r1 

I 

I 

DESIGN DREDGE EL-07.0 /" 11 ________ . _________ __/ II 

++ 
DREDGE ELEVATIONS 

INITIAL 

AUTHORIZED ... ...... ... . . . ..... . -45.0 
ADVANCED MAINTENANCE .... . . . . -47.0 
OVERDREDGE . . .... - . T • • • • • - • T • • • -49.0 

MAXIMUM 

AUTHORIZED . . .... . .. . .. . . _ .. . . .. -52.0 
ADVANCED MAINTENANCE . .. . . . . -55.0 
OVERDREDGE . ..... .. . ...... . ..... -57 .O 
DESIGN . .. ... . , . , . . .. , . ... ... . , . .. -57.0 

30" SQ. PIS CONCRETE 
PILES @ 16' O.C., TYP 

Iii 

t 
I 

16'-0'' . I 
TYP 

3' THICK ARMOR STONE 

~CRANE RAIL 

LAND RECLAMATION RLL 

TOR EL +17.S5 

APPROACH SL.AB 

TOP OF EXISTING 
COOPER RIVER MARL, 
EL -36.0:!: TO -48.0:!: 

30"0 PIPE PILE AND INTERMEDIATE 
STEEL SHEET PILES CUT-OFF WALL 

HP PILE STINGER, TYP 

------~--~--~----------....-----, 

10' 0 

GRAPHIC~ 

SOUlH CAROLINA STATE PORTS AUTHORITY 
CHARLESTON NAVAL BASE CONTAINER TERMINAL 

RGURE 4 - WHARF DETAIL 
OPE~ TYPE MARGINAL WHARF WITH PILE WAil.. AND DIKE SECTION 

I 



SIDE CONTAINMENT 
STRUCTURE ,BOUNDARY~ 

I 
I 

CONCRETE I 

HIGH MAST 
LIGHT POLE 

USABLE TERMINAL AREA 

CONTAINERS 

BARRIER 

EL +1 S.O lr-rl-.>----...1..L..--l.L-....1..L___J..a......."""""'"""=,,__uu..._.D.L---1.1u..._.lllL _____ -+----1...----1..._ 

STEEL PIPE PILE/ 
SHEET PILE BULKHEAD 

ELO.OCLW 

APPROXIMATE 
EXISTING 
MUDLINE 

APPROXIMATE 
COOPER 
RIVER MARL 

. - ' . ·-·· -· ~ - ~ . . -. ' 

. wwr~---,mwlilwtffiia~mI1Eill~tftw!Ilw 
I 

11 '111 111 111 11 ~111~ 11 111 111 11 ~LRC~UJ~bo111 111 111 11'*111~11~ 111 1u 1~ 
1 11 111 11111~111m 11 111 111ITi=1113~11 11 111 111 11JJl, . Ill:-" _ m _ m _ m _ ;111:==:111;=ITT rrr 

10' 0 

SOUTH CAROLINA STATE PORTS AUTHORl1Y 
CHARLESTON NAVAL BASE CONTAINER TERMINAL 

FIGURE 5 - KING PILE BULKHEAD 
SIDE CONTAINMENT STRUCTURE 



8 Woodhollow Road, Parsippany, NJ 07054
Phone: 973-428-6100 Fax: 973-428-7399
engineering@skylinesteel.com
www.skylinesteel.com
Technical Hotline: 1-866-8Skyline (1-866-875-9546)

Spiralweld Pipe

PG (03/06)

Pipe Weights lbs/ft (kg/m)
Outside

Diameter
(OD)

in (mm)

WALL THICKNESS (t) in (mm)
0.179
4.55

0.188
4.78

0.203
5.16

0.219
5.56

0.250
6.35

0.312
7.92

0.375
9.53

0.500
12.70

0.625
15.88

0.750
19.05

8.625
219.1

10
254.0
10.75
273.1

12
304.8
12.75
323.9

14
355.6

16
406.4

18
457.2

20
508.0

24
609.6

30
762.0

36
914.4

42
1067
48

1219
54

1372
60

1524
72

1829
84

2134
96

2438
108
2743
120
3048

40.52 (0.365)
60.30

APPROXIMATE VALUES
Pipe Weight (lbs/ft) = 10.69*t*(d-t)
d (in) - outside diameter
t (in) - thickness of pipe

Pipe Weight (kg/m) = 0.0247*t*(d-t)
d (mm) - outside diameter
t (mm) - thickness of pipe

1.000
25.40

16.16 16.96 18.28 19.68 22.38

18.79 19.72 21.26 22.90 26.06

20.23 21.23 22.89 24.65 28.06 34.81

22.62 23.74 25.60 27.58 31.40 38.98 46.60

24.05 25.25 27.23 29.34 33.41 41.48 49.61

26.45 27.76 29.94 32.26 36.75 45.65 54.62 72.16

30.27 31.78 34.28 36.95 42.09 52.32 62.64 82.85 102.72 122.27

34.10 35.80 38.62 41.63 47.44 58.99 70.65 93.54 116.09 138.30

37.93 39.82 42.96 46.31 52.78 65.66 78.67 104.23 129.45 154.34

45.58 47.86 51.64 55.67 63.47 79.01 94.71 125.61 156.17 186.41

79.51 99.02 118.76 157.68 196.26 234.51

95.54 119.03 142.81 189.75 236.35 282.62 374.15

24.05 25.23 27.20 29.29 33.31

27.97 29.35 31.64 34.08 38.78

30.10 31.59 34.06 36.69 41.76 51.81

33.66 35.33 38.10 41.04 46.73 58.01 69.35

35.80 37.57 40.52 43.66 49.71 61.74 73.83

39.36 41.31 44.56 48.01 54.69 67.94 81.28 107.38

45.05 47.29 51.02 54.98 62.64 77.87 93.21 123.29 152.87 181.95

50.75 53.27 57.47 61.95 70.59 87.79 105.15 139.20 172.76 205.82

56.44 59.25 63.93 68.92 78.55 97.72 117.08 155.11 192.64 229.68

67.83 71.22 76.85 82.85 94.46 117.57 140.94 186.92 232.41 277.40

118.32 147.36 176.73 234.65 292.07 348.99

142.18 177.14 212.53 282.38 351.73 420.58 556.80

166.05 206.92 248.32 330.10 411.38 492.17 652.25

189.91 236.70 284.12 377.83 471.04 563.76 747.70

319.91 425.55 530.70 635.35 843.15

355.70 473.28 590.35 706.93 938.60

427.29 568.73 709.67 850.11 1129.50

498.88 664.18 828.98 993.29 1320.41

759.63 948.30 1136.46 1511.31

855.08 1067.61 1279.64 1702.21

950.53 1186.92 1422.82 1893.11

111.58 139.04 166.86 221.82 276.44 330.72 438.29

127.61 159.05 190.92 253.89 316.52 378.83 502.43

214.97 285.96 356.61 426.93 566.57

239.02 318.03 396.70 475.04 630.71

287.13 382.17 476.87 571.25 758.99

335.23 446.31 557.05 667.46 887.27

510.45 637.22 763.67 1015.55

574.59 717.40 859.88 1143.83

638.73 797.57 956.09 1272.11

245.87

310.01
365.90

461.35

41.26 49.22 64.63 79.54

48.09 57.42 75.57 93.21

81.53 100.67

91.47 113.10

97.44 120.56

132.99

27.73 33.07 43.43 53.45

32.31 38.58 50.78 62.64

54.79 67.65

61.47 76.00

65.48 81.01

89.36

Non-Spiralweld
Sizes

Please inquire about other diameters
and thicknesses.



PG (03/06)

Available Steel Grades

A 139 Grade A

A 139 Grade B

A 139 Grade C

A 139 Grade D

A 139 Grade E

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

ASTM ASTM

30

35

42

46

52

205

240

290

315

360

Pipe Piles:
Outside Diameter: .
Weight/Thickness: .
Length: . . . . . . . . .

Rolled and Welded Pipe: . . .
Outside Diameter: .
Weight/Thickness: .
Length: . . . . . . . . .

ASTM

±1%
–5%
±1 inch

±1%
–5%
±1 inch

Delivery Conditions & Tolerances

Maximum Rolled Lengths*
Spiralweld: . . . . . . . .
Rolled and Welded:. .

100 feet
100 feet

(30.5 m)
(30.5 m)

* Longer lengths may be possible upon request.

Cutting Shoes, Points and Splicer

Inside Flange
Inside Flange

Outside Flange Inside Flange

Conical Points Drive-Tite Boot

Open-End Cutting Shoes Drive-On Pipe Pile Splicer

YIELD STRENGTH
(ksi) (MPa)

ASTM

A 252 Grade 1

A 252 Grade 2

A 252 Grade 3

A 252 Grade 3 (Mod)*

*Availability is dependent on pipe diameter and thickness.

30

35

45

50-80

205

240

310

345-555

A 588

A 609

Abrasion Resistant

50 345

Brinell Hardness-190



8 Woodhollow Road, Parsippany, NJ 07054
Phone: 973-428-6100 Fax: 973-428-7399
engineering@skylinesteel.com
www.skylinesteel.com
Technical Hotline: 1-866-8Skyline (1-866-875-9546)

Rolled & Welded Pipe

PGR (03/06)

Pipe Weights lbs/ft (kg/m)
Outside

Diameter
(OD)

in (mm)

WALL THICKNESS (t) in (mm)

APPROXIMATE VALUES
Pipe Weight (lbs/ft) = 10.69*t*(d-t)
d (in) - outside diameter
t (in) - thickness of pipe

Pipe Weight (kg/m) = 0.0247*t*(d-t)
d (mm) - outside diameter
t (mm) - thickness of pipe

24

30

36

42

48

54

60

66

72

78

84

90

96

108

120

132

144

156

168

180

192

609.6

762.0

914.4

1067

1219

1372

1524

1676

1829

1981

2134

2286

2438

2743

3048

3353

3657.6

3962

4267

4572

4877

0.250
6.35

0.500
12.70

0.750
19.05

1.000
25.40

1.250
31.75

1.500
38.10

1.750
44.45

2.000
50.80

2.250
57.15

2.500
63.50

2.750
69.85

3.000
76.20

63.47 125.61 186.41 245.87

79.51 157.68 234.51 310.01 384.18

95.54 189.75 282.62 374.15 464.35 553.21 640.74 726.93

111.58 221.82 330.73 438.30 544.53 649.43 752.99 855.21

127.61 253.89 378.83 502.44 624.71 745.64 865.23 983.49

143.65 285.96 426.94 566.58 704.88 841.85 977.48 1111.77 1244.73

159.68 318.03 475.04 630.72 785.06 938.06 1089.73 1240.06 1389.05 1536.71

175.72 350.10 523.15 694.86 865.23 1034.27 1201.97 1368.34 1533.37 1697.06 1859.42 2020.44

191.75 382.17 571.25 759.00 945.41 1130.48 1314.22 1496.62 1677.68 1857.41 2035.80 2212.86

207.79 414.24 619.36 823.14 1025.59 1226.69 1426.47 1624.90 1822.00 2017.76 2212.19 2405.28

223.82 446.31 667.47 887.28 1105.76 1322.91 1538.71 1753.18 1966.32 2178.12 2388.58 2597.70

239.86 478.38 715.57 951.42 1185.94 1419.12 1650.96 1881.46 2110.63 2338.47 2564.97 2790.13

255.90 510.45 763.68 1015.56 1266.11 1515.33 1763.21 2009.75 2254.95 2498.82 2741.35 2982.55

287.97 574.60 859.89 1143.85 1426.47 1707.75 1987.70 2266.31 2543.59 2819.52 3094.13 3367.39

638.74 956.10 1272.13 1586.82 1900.17 2212.19 2522.87 2832.22 3140.23 3446.90 3752.24

702.88 1052.31 1400.41 1747.17 2092.60 2436.68 2779.44 3120.85 3460.93 3799.68 4137.08

767.02 1148.52 1528.69 1907.52 2285.02 2661.18 3036.00 3409.49 3781.64 4152.45 4521.93

831.16 1244.73 1656.97 2067.87 2477.44 2885.67 3292.56 3698.12 4102.34 4505.23 4906.78

895.30 1340.94 1785.25 2228.23 2669.86 3110.16 3549.13 3986.75 4423.05 4858.00 5291.62

959.44 1437.16 1913.54 2388.58 2862.29 3334.66 3805.69 4275.39 4743.75 5210.78 5676.47

1023.58 1533.37 2041.82 2548.93 3054.71 3559.15 4062.25 4564.02 5064.45 5563.55 6061.31

94.46 186.93 277.41 365.90

118.32 234.65 349.00 461.35 571.72

142.18 282.38 420.59 556.81 691.03 823.28 953.53 1081.79

166.05 330.11 492.18 652.26 810.35 966.45 1120.57 1272.70

189.91 377.83 563.77 747.71 929.67 1109.63 1287.61 1463.60

213.77 425.56 635.35 843.16 1048.98 1252.81 1454.65 1654.51 1852.37

237.64 473.28 706.94 938.61 1168.30 1395.99 1621.69 1845.41 2067.14 2286.88

261.50 521.01 778.53 1034.07 1287.61 1539.17 1788.74 2036.32 2281.91 2525.51 2767.12 3006.75

285.36 568.74 850.12 1129.52 1406.93 1682.35 1955.78 2227.22 2496.67 2764.14 3029.62 3293.10

309.23 616.46 921.71 1224.97 1526.24 1825.53 2122.82 2418.12 2711.44 3002.77 3292.11 3579.46

333.09 664.19 993.30 1320.42 1645.56 1968.70 2289.86 2609.03 2926.21 3241.40 3554.60 3865.82

356.95 711.92 1064.89 1415.88 1764.87 2111.88 2456.90 2799.93 3140.98 3480.03 3817.10 4152.17

380.81 759.64 1136.48 1511.33 1884.19 2255.06 2623.94 2990.84 3355.74 3718.66 4079.59 4438.53

428.54 855.09 1279.66 1702.23 2122.82 2541.42 2958.03 3372.65 3785.28 4195.92 4604.58 5011.25

950.55 1422.84 1893.14 2361.45 2827.77 3292.11 3754.46 4214.82 4673.19 5129.57 5583.96

1046.00 1566.01 2084.04 2600.08 3114.13 3626.19 4136.27 4644.35 5150.45 5654.55 6156.67

1141.45 1709.19 2274.95 2838.71 3400.49 3960.28 4518.08 5073.89 5627.71 6179.54 6729.39

1236.90 1852.37 2465.85 3077.34 3686.84 4294.36 4899.88 5503.42 6104.97 6704.53 7302.10

1332.35 1995.55 2656.76 3315.97 3973.20 4628.44 5281.69 5932.96 6582.23 7229.52 7874.81

1427.81 2138.73 2847.66 3554.60 4259.56 4962.53 5663.50 6362.49 7059.49 7754.50 8447.53

1523.26 2281.91 3038.56 3793.23 4545.92 5296.61 6045.31 6792.03 7536.75 8279.49 9020.24



PGR (03/06)

Available Steel Grades

A 36

A 139 Grade A

A 139 Grade B

A 139 Grade C

A 139 Grade D

A 139 Grade E

Other Grades Available on Request

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

ASTM ASTM

36

30

35

42

46

52

250

205

240

290

315

360

Outside Diameter: . . . . . . .
Weight/Thickness: . . . . . . .
Length: . . . . . . . . . . . . . . .

ASTM
±1%
Per Specification
±1 inch

Delivery Conditions & Tolerances

Maximum Rolled Lengths*
Rolled and Welded Pipe: . . 120 feet (36.6 m)
* Longer lengths may be possible upon request.

Other Capabilities

YIELD STRENGTH
(ksi) (MPa)

ASTM

A 252 Grade 1

A 252 Grade 2

A 252 Grade 3

A 252 Grade 3 (Mod)

A 516 Grade 55

A 516 Grade 60

A 516 Grade 65

30

35

45

50

30

32

35

205

240

310

345

205

220

240

A 516 Grade 70

A 572 Grade 42

A 572 Grade 50

A 572 Grade 55

A 572 Grade 60

A 572 Grade 65

A 588

38

42

50

55

60

65

50

260

290

345

380

415

450

345

Installation of:
Bands, Cutting Shoes, End Plates, Carbide Teeth, Rolled Channel and Angle Iron,
Twisting Slots, Picking Eyes, Lifting Lugs, etc.

Fabrication of Segmented Fittings:
Elbows, Wye’s, Laterals, Tee’s, Concentric and Eccentric Reducers.

Manufacturer’s of concentric tapered pipe from .250" to 2" wall thickness.

Pipe manufactured to American Welding Society, Structural welding code AWS D1.1 or
D1.5 is also available.
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HP

HP (03/06)

Steel H-Piles

SECTION
Weight Area Depth

d

Flange
Width

b

THICKNESS
Flange

tf
Web
tw

Coating
Area

ELASTIC PROPERTIES
Axis X-X Axis Y-Y

l S r l S r
lb/ft in2 in in in in ft2/ft in4 in3 in in4 in3 in

(kg/m) (cm2) (mm) (mm) (mm) (mm) (m2/m) (cm4) (cm3) (cm) (cm4) (cm3) (cm)

HP 8
HP 200

HP 10
HP 250

HP 12
HP 310

HP 14
HP 360

36 10.6 8.02 8.155 0.445 0.445 3.92 119 29.8 3.4 40.3 9.88 1.95

42 12.4 9.7 10.075 0.420 0.415 4.83 210 43.4 4.13 71.7 14.2 2.41

57 16.8 9.99 10.225 0.565 0.565 4.91 294 58.8 4.18 101 19.7 2.45

53 15.5 11.78 12.045 0.435 0.435 5.82 393 66.8 5.03 127 21.1 2.86

63 18.4 11.94 12.125 0.515 0.515 5.86 472 79.1 5.06 153 25.3 2.88

74 21.8 12.13 12.215 0.610 0.605 5.91 569 93.8 5.11 186 30.4 2.92

84 24.6 12.28 12.295 0.685 0.685 5.97 650 106 5.14 213 34.6 2.94

73 21.4 13.61 14.585 0.505 0.505 6.96 729 107 5.84 261 35.8 3.49

89 26.1 13.83 14.695 0.615 0.615 7.02 904 131 5.88 326 44.3 3.53

102 30 14.01 14.785 0.705 0.705 7.06 1050 150 5.92 380 51.4 3.56

117 34.4 14.21 14.885 0.805 0.805 7.11 1220 172 5.96 443 59.5 3.59

54 68.4 204 207 11.3 11.3 1.19 4950 487 8.53 1680 162 4.60

63 80.0 246 256 10.7 10.5 1.47 8740 711 10.5 2980 233 6.12

85 108 254 260 14.4 14.4 1.50 12200 969 10.6 4200 323 6.22

79 100 299 306 11.0 11.0 1.77 16400 1080 1208 5290 346 7.26

94 119 303 308 13.1 13.1 1.79 19600 1290 12.9 6370 415 7.32

110 141 308 310 15.5 15.4 1.80 23700 1530 13.0 7740 498 7.42

125 159 312 312 17.4 17.4 1.82 27100 1730 13.1 8870 567 7.47

109 138 346 370 12.8 12.8 2.12 30300 1770 14.8 10900 587 8.86

132 168 351 373 15.6 15.6 2.14 37600 2150 14.9 13600 726 8.97

194 356 376 17.9 17.9 2.15 43700 2480 15.0 15800 842 9.04

174 222 361 378 20.4 20.4 2.17 50800 2830 15.1 18400 975 9.12

152



HP (03/06)

Available Steel Grades

A 36

A 572 Grade 50*

A 588

A 690

Grade 300 W

Grade 350 W

HISTAR 355

HISTAR 420

HISTAR 460

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

AMERICAN CANADIAN EUROPEAN**

ASTM CSA G40.21 EN 10034

36

50

50

50

250

345

345

345

44

50

300

350

51

61

67

355

420

460

*Standard grade for H-Piles

Mass: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Length

30 Feet and Under: . . . . . . . . . . . . . . . . . .
Over 30 Feet: . . . . . . . . . . . . . . . . . . . . . .

Depth: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flange Width: . . . . . . . . . . . . . . . . . . . . . . . .
Flanges out of Square

HP 8 x 42 - HP 12 x 84: . . . . . . . . . . . . . .
HP 14 x 73 - HP 14 x 117: . . . . . . . . . . . .

Web off Center:. . . . . . . . . . . . . . . . . . . . . . .
Greatest Depth over Theoretical: . . . . . . . . . .
Camber and Sweep*

45 Feet and Under: . . . . . . . . . . . . . . . . . .
Over 45 Feet: . . . . . . . . . . . . . . . . . . . . . .

± 2.5%

± 0.375 inches
+ (0.375 inches + (length - 30)/80)
± 0.125 inches
+ 0.25 inches

≤ 0.25 inches
≤ 0.3125 inches
≤ 0.1875 inches
≤ 0.25 inches

(0.125 in.)(Length in Feet/10) but not over 0.375 in.
(0.375 in.) + (0.125 in. (Length in Feet - 45)/10)

– 0.375 inches
– 0.1875 inches

Delivery Conditions & Tolerances

Maximum Rolled Lengths*
HP’s: . . . . . . . . . . . . 100 feet
* Longer lengths may be possible upon request.

Splicer and Cutting Shoe

**HISTAR only available in some sizes

Splicer Cutting Shoe

*For the HP 10 x 42, 12 x 53, 12 x 63, 14 x 72, and 14 x 89 tolerances are subject to negotiation with manufacturer.

ASTM A 6



PCI BRIDGE DESIGN MANUAL ----------------------.t:U 'PEND/X B 

AASHTO/PCISTANDARD PRODUCTS 

B B B 
I .. ""I I .. ""I 1 • ·1 

[] [Q] ~D 
Square Square Square 
Solid Solid Hollow 

B B B 

D 

~ a Cylindrical 
Pile 

Octagonal Octagonal Circular 
Hollow Solid Solid 

s[~~ 
I 16 turns \ 16 turns 

B<24" 1" I @ 3" 6" pitch @ 3" l" 
B>24"1" 16turns 4"pitch 16turns 1" 

@2" 

5 turns at 1" pitch 
4 turns at 1 ~ pitch 

@2" 

5 turns at 1" pitch 
4 turns at 1 ~ pitch 

Piles 

SEPT 04 



PCI BRIDGE DESIGN MANUAL ---------------------.n. 'PENDIX B 

AASHTO/PCISTANDARD PRODUCTS 
Plies 

fpc = 700 psi 

Nominal Core Area 
Weight 

Moment Section Radius of 
Perimeter 

P • = Ay( 0,33(< - 0.27foc }/2,000 (Tons} 
Size Diameter ~ of Inertia Modulus Gyration ((psi) 

B (in.) D (in.) (in.2) (plf) (in.4> (in.3> (in.) (ft) 5,000 6,000 7,000 8,000 10,000 

Square Piles 

10 Solid 100 104 833 167 2.89 3.33 73 90 106 123 156 

12 Solid 144 15 0 1,728 288 3.46 4.00 105 129 153 176 224 

14 Solid 196 204 3,201 457 4.04 4.67 143 176 208 240 305 

16 Solid 256 267 5,461 683 4.62 5.33 187 229 271 314 398 

18 Solid 324 338 8,748 972 5.20 6.00 237 290 344 397 504 

20 Solid 400 417 13,333 1,333 5.77 6.67 292 358 424 490 622 

20 11 305 318 12,615 1,262 6.43 6.67 223 273 323 374 474 

24 Solid 576 600 27,648 2,304 6.93 8.00 421 516 611 706 896 

24 12 463 482 26,630 2,219 7.58 8.00 338 415 491 567 720 

24 13 443 462 25,762 2,147 7.81 8.00 324 397 470 543 690 

24 14 422 440 25,163 2,097 7.94 8.00 308 378 448 517 657 

30 Solid 900 938 67,500 4,500 8.66 10.00 657 806 954 1,103 1,400 

30 18 646 672 62,347 4,157 9.82 10.00 472 578 685 791 1,004 

36 18 1,042 1,085 134,815 7,490 11.38 12.00 761 933 1,105 1,276 1,620 

Octagonal Piles 

10 Solid 83 85 555 111 2.59 2.76 61 74 88 102 129 

12 Solid 119 125 1,134 189 3.Q9 3.31 87 107 126 146 185 

14 Solid 162 169 2,105 301 3.60 3.87 118 145 172 199 252 

16 Solid 212 220 3,592 449 4.12 4.42 155 190 225 260 330 

18 Solid 268 280 5,705 639 4.61 4.97 196 240 284 328 417 

20 Solid 331 345 8,770 877 5.15 5.52 242 296 351 406 515 

20 11 236 245 8,050 805 5.84 5.52 172 211 250 289 367 

22 Solid 401 420 12,837 1,167 5.66 6.08 293 359 425 491 624 

22 13 268 280 11,440 1,040 6.53 6.08 196 240 284 328 417 

24 Solid 477 495 18,180 1,515 6.17 6.63 348 427 506 585 742 

24 15 300 315 15,696 1,308 7.23 6.63 219 269 318 368 467 

Cylinder Piles 

36 22 638 664 70,949 3,942 10.55 9.42 466 571 677 782 992 

36 24 565 589 66,162 3,676 10.82 9.42 413 506 599 692 879 

36 26 487 507 60,016 3,334 11.10 9.42 356 436 516 597 758 

48 34 902 939 194,979 8,124 14.71 12.57 659 808 957 1,105 1,403 

48 36 792 825 178,128 7,422 15.00 12.57 579 709 840 971 1,232 

48 38 675 704 158,222 6,593 15.31 12.57 493 604 716 827 1,050 

54 40 1,034 1,077 191,729 10,805 16.80 14.14 755 926 1,097 1,267 1,608 

54 42 905 942 264,648 9,802 17.10 14.14 661 810 960 1,109 1,408 

54 44 770 802 233,409 8,645 17.41 14.14 562 690 817 944 1,198 

60 46 1, 166 1,214 416,386 13,880 18.90 15.71 852 1,044 1,237 1,429 1,814 

60 48 1,018 1,060 375,596 12,520 19.21 15.71 744 912 1,080 1,248 1,583 

60 50 864 900 329,376 10,979 19.53 15.71 631 774 916 1,059 1,344 

66 52 1,297 1,352 572,512 17,349 21.01 17.28 947 1, 161 1,375 1,589 2,017 

66 54 1,131 1,178 514,027 15,577 21.32 17.28 826 1,013 1,199 1,386 1,759 

66 56 958 998 448,670 13,596 21.64 17.28 700 858 1,016 1,174 1,490 

SEPT 04 
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AZ

AZ (03/06)

AZ 12

AZ 13

AZ 14

AZ 17

AZ 18

AZ 19

AZ 25

AZ 26

AZ 28

AZ 34

AZ 36

AZ 38

AZ 46

AZ 48

AZ 50

THICKNESS WEIGHT

SECTION

Width
(w)

in
(mm)

Height
(h)

in
(mm)

Flange
(tf)

in
(mm)

Web
(tw)

in
(mm)

Pile

lb/ft
(kg/m)

Wall

lb/ft2

(kg/m2)

Section
Modulus

in3/ft
(cm3/m)

Moment of
Inertia

in4/ft
(cm4/m)

26.38 11.89 0.335 0.335 44.42 20.22 22.3 132.8
670 302.0 8.50 8.50 66.10 98.70 1200 18140

26.38 11.93 0.375 0.375 48.38 22.02 24.2 144.3
670 303.0 9.50 9.50 72.00 107.5 1300 19700

26.38 11.97 0.413 0.413 52.62 23.94 26.0 156.0
670 304.0 10.50 10.50 78.30 116.90 1400 21300

24.80 14.92 0.335 0.335 45.96 22.24 31.0 231.3
630 379.0 8.50 8.50 68.40 108.60 1665 31580

24.80 14.96 0.375 0.375 49.99 24.19 33.5 250.4
630 380.0 9.50 9.50 74.40 118.10 1800 34200

24.80 15.00 0.413 0.413 54.43 26.34 36.1 270.8
630 381.0 10.50 10.50 81.00 128.60 1940 36980

24.80 16.77 0.472 0.441 61.49 29.74 45.7 382.6
630 426.0 12.00 11.20 91.50 145.20 2455 52250

24.80 16.81 0.512 0.480 65.72 31.79 48.4 406.5
630 427.0 13.00 12.20 97.80 155.20 2600 55510

24.80 16.85 0.551 0.520 70.15 33.94 51.2 431.6
630 428.0 14.00 13.20 104.40 165.70 2755 58940

24.80 18.07 0.669 0.512 77.61 37.54 63.8 576.3
630 459.0 17.00 13.00 115.50 183.30 3430 78700

24.80 18.11 0.709 0.551 82.11 39.73 67.0 606.3
630 460.0 18.00 14.00 122.20 194.00 3600 82800

24.80 18.15 0.748 0.591 86.75 41.97 70.3 637.7
630 461.0 19.00 15.00 129.10 204.90 3780 87080

22.83 18.94 0.709 0.551 89.10 46.82 85.5 808.8
580 481.0 18.00 14.00 132.60 228.60 4595 110450

22.83 18.98 0.748 0.591 93.81 49.28 89.3 847.1
580 482.0 19.00 15.00 139.60 240.60 4800 115670

22.83 19.02 0.787 0.630 98.58 51.80 93.3 886.5
580 483.0 20.00 16.00 146.70 252.90 5015 121060

COATING AREA
Both Sides Wall

Surfaceft2/ft
of single
(m2/m)

AZ Hot Rolled Steel Sheet Piling

5.45 1.23

5.45 1.23

5.45 1.23

5.64 1.35

5.64 1.35

5.64 1.35

5.91 1.41

5.91 1.41

5.91 1.41

6.10 1.47

6.10 1.47

6.10 1.47

6.23 1.63

6.23 1.63

6.23 1.63

1.66 1.23

1.72 1.35

1.80 1.41

1.86 1.47

1.90 1.63

1.66 1.23

1.66 1.23

1.72 1.35

1.72 1.35

1.80 1.41

1.80 1.41

1.86 1.47

1.86 1.47

1.90 1.63

1.90 1.63

ft2/ft2

(m2/m2)

AZ 36-700

AZ 38-700

AZ 40-700

Cross
Sectional

Area
in2/ft

(cm2/m)

5.94

6.47

7.03

6.53

7.11

7.74

8.74

9.35

9.97

11.03

11.67

12.33

125.7

136.9

148.9

138.3

150.4

163.8

185.0

198.0

211.1

233.5

247.1

261.0

291.2

306.5

322.2

13.76

14.48

15.22

27.56 19.65 0.669 0.441 10.19 79.63 34.68 67.0 657.2 6.76 1.46

27.56 19.69 0.709 0.480 10.85 84.80 36.93 70.7 694.5 6.76 1.46

27.56 19.72 0.748 0.520 11.50 89.91 39.14 74.4 731.8 6.76 1.46

700 499.0 17.00 11.20 215.7 118.50 169.30 3600 89740 2.06 1.46

700 500.0 18.00 12.20 229.7 126.20 180.30 3800 94840 2.06 1.46

700 501.0 19.00 13.20 243.5 133.80 191.10 4000 99930 2.06 1.46



AZ (03/06)

Available Steel Grades

A 328

A 572 Grade 42

A 572 Grade 50

A 572 Grade 55

A 572 Grade 60

A 572 Grade 65

A 690

A 690*

Grade 260 W

Grade 300 W

Grade 355 W

Grade 400 W

S 240 GP

S 270 GP

S 320 GP

S 355 GP

S 390 GP

S 430 GP

S 460 AP**

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

AMERICAN CANADIAN EUROPEAN

ASTM CSA G40.21 EN 10248

39

42

50

55

60

65

50

57

270

290

345

380

415

450

345

390

38

43

51

58

260

300

355

400

35

39

46

51

57

62

67

240

270

320

355

390

430

460

*Inquire for availability of AZ 25 - 28, not available for AZ 34 and larger.

Mass: . . . . . . . . . . . .
Length: . . . . . . . . . . .
Height: . . . . . . . . . . .
Thickness: . . . . . . . .

Width:. . . . . . . . . . . .
Double Pile Width: . .
Straightness:. . . . . . .
Ends out of Square: .

ASTM A 6
± 2.5%
+ 5 inches – 0 inches

EN 10248
± 5%
± 200 mm
± 7 mm
≤ 8.5 mm ± 0.5 mm
> 8.5 mm ± 6%
± 2%
± 3%
0.2% of the length
2% of the width

Delivery Conditions & Tolerances

Maximum Rolled Lengths*
AZ: . . . . . . . . . . . . . .
C 9: . . . . . . . . . . . . .
C 14: . . . . . . . . . . . .
Delta 13:. . . . . . . . . .
Omega 18: . . . . . . . .

102 feet
59 feet
59 feet
59 feet
52 feet

(31.0 m)
(18.0 m)
(18.0 m)
(18.0 m)
(16.0 m)

* Longer lengths may be possible upon request.

Corner Piles

**Not available for AZ 34 and larger.
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Technical Hotline: 1-866-8Skyline (1-866-875-9546)

PA

PAZ (03/06)

Pipe / AZ Combined Wall System

Pipe AZ
System

(Diameter / AZ
Section)

PA
30 / 13

PA
36 / 13

PA
42 / 13

PA
48 / 18

PA
54 / 18

PA
60 / 18

PA
66 / 26

PA
72 / 26

PA
78 / 26

PROPERTIES OF PIPE PILE PROPERTIES OF COMBINED WALL
WEIGHT

(AZ Length / Pipe Length)Outside
Diameter

in

Wall
Thickness

in

Pipe
Weight

lb/ft

System
Width

in

System
Inertia

in4/ft

Section
Modulus

in3/ft
100%
lb/ft2

80%
lb/ft2

60%
lb/ft2

Cross
Sectional

Area
in2/ft

(mm) (mm) (kg/m) (mm) (cm4/m) (cm3/m) (kg/m2) (kg/m2) (kg/m2) (cm2/m)

30 0.313 98.93 85.3 541 36.1 29.3 26.6 23.9 8.1

36 0.375 142.7 91.3 959 53.3 33.1 30.6 28.1 9.3

42 0.438 194.4 97.3 1600 76.2 37.5 35.1 32.7 10.6

48 0.500 253.7 100.1 2647 110.3 43.9 41.5 39.1 12.5

54 0.563 321.3 106.1 3929 145.5 49.1 46.8 44.5 14.0

60 0.625 396.3 112.1 5610 187.0 54.5 52.4 50.2 15.6

66 0.688 480.0 118.1 7814 236.8 63.4 60.7 58.1 18.3

72 0.750 570.7 124.1 10464 290.7 69.2 66.6 64.1 20.0

78 0.813 670.4 130.1 13690 351.0 75.1 72.7 70.3 21.7

762.0 7.938 147.2 2165.5 73914 1940.0 143.3 130.0 116.7 171.5

914.4 9.525 212.4 2317.9 130965 2864.5 161.9 149.4 137.0 195.9

1066.8 11.113 289.3 2470.3 218549 4097.3 182.9 171.3 159.6 223.4

1219.2 12.700 377.5 2542.7 361455 5929.4 214.4 202.7 191.0 263.9

1371.6 14.288 478.3 2695.1 536619 7824.7 239.6 228.5 217.5 296.4

1524.0 15.875 589.8 2847.5 766185 10054.9 266.1 255.7 245.2 330.7

1676.4 16.463 714.4 2999.9 1067068 12730.5 309.6 296.5 283.5 386.4

1828.8 19.050 849.3 3152.3 1428984 15627.6 337.7 325.3 312.8 422.6

1981.2 20.638 997.8 3304.7 1869476 18872.2 366.8 354.9 343.1 460.0
The above systems are samples; diameter, wall thickness, and intermediary sheet piles can be varied to suit the project needs.



PAZ (03/06)

Available Steel Grades

A 252 Grade 1

A 252 Grade 2

A 252 Grade 3

A 252 Grade 3 (Mod)*

A 328

A 572 Grade 42

A 572 Grade 50

A 572 Grade 55

A 572 Grade 60

A 572 Grade 65

A 690

A 690**

A 572 Grade 50

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

YIELD STRENGTH
(ksi) (MPa)

SPIRALWELD PIPE AZ SHEET PILES C 9 CONNECTORS

ASTM ASTM ASTM

30

35

45

50-80

205

240

310

345

39

42

50

55

60

65

50

57

270

290

345

380

415

450

345

390

50 345

*Availability is dependent on pipe diameter and thickness. **Inquire for availability of AZ 25 - 28, not available for AZ 34 and larger.

Pipe Piles:
Outside Diameter: .
Weight/Thickness: .
Length: . . . . . . . . .

AZ Sheet Piles:
Mass: . . . . . . . . . .
Length: . . . . . . . . .
Height: . . . . . . . . .
Thickness: . . . . . .

Width:. . . . . . . . . .
Double Pile Width:
Straightness: . . . . .
Ends out of Square:

ASTM

± 1%
– 5%
± 1 inch

± 2.5%
+ 5 inches – 0 inches

EN 10248

± 5%
± 200 mm
± 7 mm
≤ 8.5 mm ± 0.5 mm
> 8.5 mm ± 6%
± 2%
± 3%
0.2% of the length
2% of the width

Delivery Conditions & Tolerances

Maximum Rolled Lengths*
AZ: . . . . . . . . . . . . . .
Pipe:. . . . . . . . . . . . .
C 9: . . . . . . . . . . . . .

102 feet
100 feet

59 feet

(31.0 m)
(30.5 m)
(18.0 m)

* Longer lengths may be possible upon request.

Corner Piles

(Length does not restrict wall height)



Table 3-3 provides specified butt circumferences with corresponding minimum tips sizes for 
Southern pine. Table 3-4 provide specified tip circumferences with corresponding minimum butt 
circumferences for Southern Pine. The corresponding tables for Douglas fir and other western 
species are in Tables 3-5 and 3-6. 

Table 3-2 
Allowable Pile Capacity in Compression (kips) 

Timber Allowable Pile Capacity in Compression (kips) 
Species Pile Tip Diameter (inches) 

7 8 9 10 11 12 
Southern 46 60 76 94 114 136 

Pine 
Douglas Fir 48 63 80 98 119 141 

Table 3-3 Southern Pine Foundation Piling - Sfecified Butt Circumferences with 
Corresponding Minimum Tip Circumferences A, .c.o,E (from ASTM 025 - Table X1 .3) 

[Approximate Diameters in Brackets] 
Required Minimum 

Circumference, in. 22 [7] 25 [8] 28 [9] 31 [10] 35 [11] 38 [12] 41 [13] 44 [14] 47 [15] 50 [16] 
3 ft from Butts 

Length (ft) Minimum Tip Circumferences, in. 

20 16 [5.1] 16 [5.1] 18 [5.7] 21 [6.7] 25 [8.0] 28 [8.9] 31 [9.9] 34 [10.8] 37 [11.8] 40 [12.7] 

25 16 [5.1] 16 [5.1] 17 [5.4] 20 [6.4] 24 [7.6] 27 [8.6] 30 [9.5] 33 [10.5] 36 [11.4] 39 [12.4] 

30 16 [5.1] 16 [5.1] 16 [5.1] 19 [6.0] 23 [7.3] 26 [8.3] 29 [9.2] 32 [10.2] 35 [11.1] 38 [12.1] 

35 18 [5.7] 22 [7.0] 25 [8.0] 28 [8.9] 31 [9.9] 34 [10.8] 37 [11.8] 

40 17 [5.4] 21 [6.7] 24 [7.6] 27 [8.6] 30 [9.5] 33 [10.5] 36 [11.4] 

45 20 [6.4] 23 [7.3) 25 [8.3) 29 [9.2] 32 [10.2] 35 [11.1] 

50 19 [6.0] 22 [7.0] 25 [8.0] 28 [8.9] 31 [9.9] 34 [10.8] 

55 21 [6.7] 24 [7.6] 27 [8.6] 30 [9.5] 33 [10.5] 

60 20 [6.4] 23 [7.3] 26 [8.3] 29 [9.2] 32 [10.2] 

65 19 [6.0] 22 [7.0] 25 [8.0] 28 [8.9] 31 [9.9] 

Commonly available sizes are shown 
70 within the bold outline: 18 [5.7] 21 [6.7] 2411.61 I 27 [8.6] 30 [9.5] 

75 20 [6.4) I 23 [7 .3] 26 [8.3] 29 [9.2] 

80 19 [6.0] 22 [7.0] 25 [8.0] 28 [8.9] 

85 18 [5.7] 21 [6.7] 24 [7.6] 27 [8.6] 

•Where the taper applied to the butt circumferences calculate to a circumference at the tip of less than 16 in., the individual values have been 
increased to 16 in. to ensure a minimum of 5-in. tip for purposes of driving. 
8 To convert to metric dimensions, 1 in. = 25.4 mm. 
c Class A piles are all those listed with a specified required minimum circumference of 44 in. at 3 ft from butt. 

57 [18] 

47 [15.0] 

46 [14.6] 

45 [14.3] 

44 [14.0] 

43 [13.7] 

42 [13.4] 

41 [13.0] 

40 [12.7] 

39 [12.4] 

38 [12.1] 

37 [11.8] 

36 [11.4] 

35 [11.1] 

34 [10.8] 

° Class B piles are those listed with a specified required minimum circumference at 3 ft from butt of 35 in. and lengths of 20 to 25 ft minimum 
circumference at 3 ft from butt of 38 in. and lengths of 20 to 50 ft, and minimum circumference at 3 ft from butt of 41 in. and lengths of 55 to 80 ft. 
E Southern Yellow Pine piles are generally available in lengths shorter than 70 ft or girth of less than 50 in. at 3 ft from butt. The purchaser should 
inquire as to availability of sizes below the lines. 
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CONMACO 
CABLE CONNECTED PILE HAMMER 

SPECIFICATIONS 
 
MODEL 50E5 65E5 80E5 100E5 115E5 125E5 200E5 300E5
Rated Striking 
Energy - 
Maximum - Ft. 
Lbs. 

25,000 32,500 40,000 50,000 57,500 62,500 100,000 150,000

Weight of 
Striking Parts - 
Nominal - Lbs. 

5,000 6,500 8,000 10,000 11,500 12,500 20,000 30,000

Stroke Length - 
Maximum - 
Inches 

60 60 60 60 60 60 60 60

Blows/Minute at 
Refusal 
(Maximum 
Stroke) {a) 

48 50 47 47 42 41 46 40

Steam 
Consumption @ 
212o F(at 
hammer) - PSI 
{c} 

1,918 2,584 2,623 3,155 2,863 3,229 6451 7523

Operating 
Pressure (at 
Hammer) - PSI 

70 95 80 100 100 100 110 150

Air Consumption 
(Adiabatic - at 
hammer) SCFM 
{b} 

560 700 740 850 770 875 1700 1900

Inlet Connection 
- Dia. In Inches 
(NPT) 

2 2-1/2 2-1/2 2-1/2 2-1/2 2-1/2 4 4

Distance 
between Jaws - 
Inches 

20 20 26 26 26 26 56 56

Jaw Width - 
Inches {d} 

8-1/4 8-1/4 9-1/4 9-1/4 9-1/4 9-1/4 11-
1/4 

11-
1/4

Length of 
Hammer (without 
helmet) 

16'10" 16''10" 17'9" 17'9" 17'9" 18'0" 19'1" 20'10"

Width of 
Hammer - 
Inches 

31-
1/4 

31-1/4 35-
3/16 

35-
3/16 

35-
3/16 

35-
3/16 

61-
1/4 

61-
1/4 

Page 1 of 3Pile Hammer specs
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Depth of 
Hammer - 
Inches 

39 47-3/4 42-
1/8 

49-
7/16 

53 53 53 53

Weight of 
Hammer - Lbs. 

11,000 12,500 17,500 19,500 21,000 22,000 47,170 58,400

Size of Hoisting 
Line - Dia. In 
Inches 

3/4 3/4 7/8 7/8 7/8 7/8 -- --

 
MODEL 50 65 80 100 115 

 

Rated Striking 
Energy - 
Maximum - Ft. 
Lbs. 

15,000 19,500 26,000 32,500 37,375

Blows per 
Minute - Normal 
Stroke & No Set 
{a} 

60 60 50 50 50

Inlet Pressure at 
Hammer - PSI 

80 100 85 100 120

Normal Stroke - 
Inches 

36 36 39 39 39

Volume of Free 
Air - CFM - 
adiabatic {b} 

565 625 850 950 1060

Steam 
Consumption @ 
212o F(at 
hammer) - PSI 
{c} 

1,925 2,300 3,000 3,425 3,980

Inlet Connection 
- Dia. In Inches   

2 2 2-1/2 2-1/2 2-1/2

Head Sheave 
Groove Diameter 

3/4 3/4 7/8 7/8 7/8

Distance 
between Jaws - 
Inches 

20 20 26 26 26

Jaw Width - 
Inches {d} 

8-1/4 8-1/4 9-1/4 9-1/4 9-1/4

Length of 
Hammer (without 
helmet) 

13''0" 13'0" 15'0" 15'0" 15'0"

Weight of 
Striking Parts - 
Lbs. 

5,000 6,500 8,000 10,000 11,500

Weight of 
Hammer - Lbs. 

9,700 11,200 16,700 18,700 20,250
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{a} Hammer operating speed is a function of many variables, including penetration 
resistance, cushion material, pressure, stroke, etc.       Observed blow-count will  vary 
depending on driving conditions.  Energy is not a function of speed.   
{b} Compressor output must exceed air required at hammer due to line and efficiency 
losses.  It is advisable that the adiabatic consumption figure be increased by 
approximately 30% in the determination of the of the required compressor size.

{c} Steam consumption is based on feedwater and steam temperature of 212o F.  
{d} Standard Female Jaw dimensions are shown.  Male Jaws are available on special 
order. 
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Model 75
Hydraulic Impact Hammer

Corporate offi ces:
301 Warehouse Drive, Matthews, NC 28104
Tele: (704) 821-8200 or (888) ICEUSA1
Fax: (704) 821-8201
www.iceusa.com   E-mail: sales@iceusa.com

INTERNATIONAL
CONSTRUCTION
EQUIPMENT,INC.

75HIH-50119

Impact Hammer: Model 75
Ram weight 7500 lbs 3401 kg

Maximum stroke 4.0 ft 1219 mm

Rated energy 30000 ft-lbs 41 kJ

Blow rate @ max energy 48 bpm 48.00 bpm

Minimum stroke 1.5 ft 457 mm

Hammer weight (bare) 13840 lbs 6276 kg

Typical operating weight 16660 lbs 7555 kg

Hammer length (bare) 18.6 ft 5663 mm

Typical operating length 20.8 ft 6325 mm

Width 26.0 in 660 mm

Depth 36.0 in 914.4 mm

Hydraulic hose length 100 ft 30 m

Hydraulic hose weight 850 lbs 385 kg

Power Unit: Model 200
Engine Caterpillar 3116TA

Power 200 HP 149 kW

Operating speed 2400 rpm 2400 rpm

Max drive pressure 2500 psi 172 bar

Drive fl ow 103 gpm 390 lpm

Stroke control pressure 2500 psi 172 bar

Stroke control fl ow 11.4 gpm 43 lpm

Weight (w/ full fl uid & fuel) 9310 lbs 4222 kg

Length 126 in 3200 mm

Width 60 in 1524 mm

Height 79 in 2007 mm

Hydraulic reservoir 275 gal 1041 liters

Fuel capacity 122 gal 462 liters



Model D19-42 Diesel Hammer
No picture available Maximum obtainable energy 51,770 ft-lbs

Maximum obtainable stroke 148.3 inches
Pump setting 1: (minimum) 20,540 ft-lbs
Pump setting 2:
Pump setting 3:
Pump setting 4: (maximum) 42,598 ft-lbs
**Optional variable throttle gives infinite stroke control.
Stroke at rated energy 10 ft 2 in
Energy at rated stroke 47,300 ft-lbs
Speed 37-53 bpm
Ram 4,190 lbs
Anvil 754 lbs
Hammer weight (includes trip device) 9,259 lbs
Typical operating (weight with drive cap) 11,344 lbs
Weight 900 lbs
Diameter 22.5 inches
Thickness 6 inches
Type Monocast MC 901
Diameter 22.5 inches
Thickness 2 inches
Elastic-modulus 285 kips per square inch 
Coeff. of restrituion 0.8
Weight (fits 8 by 26 inch leads) 1,350 lbs
Square box inserts size 10" through 20" aprox. 1,400 lbs
Pipe inserts for pipe size 12" to 24" diameter Consult factory
Fuel tank (runs on diesel or bio -diesel) 8.5 gal
Oil tank 2.4 gal
Diesel or Bio-diesel fuel 1.5 gal/hr
Lubrication .26 gal/hr
**Grease once per 45 minutes of driving time
Length overall 186.2 inches
Length over cylinder extension 219.3 inches
Impact block diameter 17.3 inches
Hammer width overall 19 inches
Minimum clearance for leads 14.2 inches
Standard lead size 8 X 26 inch
Hammer guiding for FEC ST-75 & ST-100 available Consult factory
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|  PRINT THIS PAGE  | 

© Copyright 1999 - 2005 Link-Belt Construction Equipment Company, Lexington, Kentucky 
  

Link-Belt 
108 HYLAB 5  

50-ton (50 mt) 
Lattice Boom Crawler 
Crane 
READ MORE ABOUT IT! 

40’ – 140’ (12.19 – 42.67 m) 
angle boom
Maximum boom & jib 
combination: 
110’ + 50’ (33.53 + 15.24 m)
163’ (49.68 m) maximum 
tip height
140’ (42.67 m) maximum 
360° working radius
16,800 lbs (7 620 kg) maximum 
clamshell / dragline / 
duty cycle capacity
70’ (21.34 m) maximum duty cycle boom
Isuzu BB-6BG1TRB-09 170 hp 
(127 kW) engine
32,323 lbs (14 662 kg) maximum winch line pull
Maximum line speed: 432 fpm (131.7 m/min) eighth layer 
264 fpm (80.5 m/min) first layer
11’ 2” (3.40 m) track gauge, 17’ 8” (5.38 m) track length
96,830 lbs (43 921 kg) operating weight

Page 1 of 1LS-108H II Lattice Crawler Crane
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Link-Belt 
238 HYLAB 5  
150-ton (136.08 mt) 
Lattice Boom Crawler 
Crane  

READ MORE ABOUT IT! 

New features:  

Attachment: 

General dimensions: 

New roomier operator's cab
New Mitsubishi 6D24-TLA2H 
(Tier 2) 263 hp (196 kw) 
diesel engine
New counterweight removal 
system - sets counterweight 
all the way to the ground
New counterweight design: 
slab base with 6 wing weights - 
up to 92,000 lbs (41 730 kg) of 
upper counterweight
New remote mount oil cooler
New boom design - includes bar-type pendants. 
Pendants and boom connecting pins store on each extension for 
ease of transport
Greater capacities

50' to 260' (15.24 to 79.25 m) conventional boom
30' to 75' (9.14 to 22.86 m) fixed jib - new design can be 
installed as fixed jib on conventional boom or as fixed jib on the 
luffing jib
80' to 150' (24.38 to 45.72 m) luffing jib and 85' to 165' (25.91 
to 50.29 m) luffing boom

Track width: 44" (1.12 m)
Track gauge: 15' 6" (4.72 m)
Crawler length: 25' (7.64 m)
Max tail swing: 18.19' (5.54 m)
Upper width: 10.96' (3.34 m)
Main unit transportation weight: 70,065 lbs (31 781 kg)

Page 1 of 2LS-238H Lattice Crawler Crane
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Link-Belt 
248 HYLAB 5  

200-ton (181.44 
mt) 
Lattice Boom 
Crawler Crane 
READ MORE ABOUT 
IT 

NEW FEATURES: 

ATTACHMENT: 

GENERAL DIMENSIONS: 

New roomier 
operator's cab
New Mitsubishi 
6D24-TLA2H (Tier 2) 
263 hp (196 kw) 
diesel engine
New counterweight 
removal system sets 
counterweight all the way to the ground
New counterweight design: slab base with 8 wing weights - 
up to 118,000 lbs of upper counterweight
New remote mount oil cooler
New boom design includes bar-type pendants. Pendants and 
boom connecting pins store on each extension for ease of 
transport
Greater capacities

50’ to 280’ (15.24 – 85.34 m) conventional boom
30' to 100' fixed jib - new design can be installed as fixed jib 
on conventional boom or as fixed jib on the luffing jib
80' to 160' luffing jib and 85' to 190' luffing boom

Track width: 44"
Track gauge: 18' 8"
Crawler length: 28' 6"
Max tail swing: 19' 8"
Upper width: 10' 11.5"
Main unit transportation weight: 76,000 lbs (estimate)
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Model D36-32 Diesel Hammer

 

Maximum rated energy 109,306 ft-lbs
Maximum obtainable stroke 165 inches
Pump setting 1: (minimum) 40,898 ft-lbs
Pump setting 2: 55,358 ft-lbs
Pump setting 3: 69,617 ft-lbs
Pump setting 4: (maximum) 83,875 ft-lbs
Stroke at rated energy 126 inches
Energy at rated stroke 90,500 ft-lbe
Speed (blows per minute) 36-53
Ram 7,938 lbs
Anvil 2,271 lbs
Hammer weight (includes trip device) 21,655 lbs
Typical operating (weight with drive cap) 25,127 lbs
Fuel tank (runs on diesel or bio-diesel) 23.51 gal
Oil tank 4.49 gal
Weight 1100 lbs
Diameter 25 inches
Thickness 8 inches
Type Aluminum/Micarta
Diameter 25 inches
Thickness 2 inches
Elastic-modulus 285 kips per square inch
Coeff. of restrituion 0.8
Weight (fits 8 by 26 inch leads) 1,350 lbs
Diesel or Bio-diesel fuel 3.04 gal/hr
Lubrication oil 0.61 gal/hr
**Grease twice per day
Length overall 208.1 inches
Length over cylinder extension 247.4 inches
Impact block diameter 27.2 inches
Hammer width overall 28.3 inches
Minimum clearance for leads 19.7 inches
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Berminghammer Sales Catalogue  Model B-5505 

 ©Berminghammer Foundation Equipment Product Sheet 2001-H-05-1A 
 

 

B-5505 General  Specifications 
 
Performance 
Ram Weight X Max. Stroke 105,900 ft•lb 146 kN•m
Impact energy 66,000 ft•lb 89 kN•m
Ram weight/mass 9,200 lb 4,182 kg
Maximum ram stroke 11.5 ft 3.5 m
Impact block weight/mass 2,392 lbs 1,085 kg
Blows per minute 36-60 36-60
Operating Weight 
Total operating weight/mass 23,600 lb 10,727 kg
Weight of tool box 150 lb 68 kg
Total shipping weight/mass 23,750 lb 10,795 kg
Capacity 
Fuel tank capacity 37 gal (U.S 140 liters
Fuel consumption 2.2 gal/hour 8.3 liters/hr.
Oil tank capacity 8.7gal (U.S) 33 liters
Oil consumption 0.36 gal/hr 1.35 liters/hr.
 
 
 
 
 
 
Dimensional Specifications 

 
 

Dimensions                                                        Model-5505 
Units A B C D E F G H 
Imperial 24.5 in 42 in 28 in 20 in 133.4 in 53.1 in 148.2 in 260 in
Metric 622 mm 1067 mm 711 mm 508 mm 3388 mm 1349 mm 3764 mm 6604 mm

 



V-20B/HP-325B VIBRATORY 
DRIVER/EXTRACTOR 

 
 

HAMMER    V-20B 
 

DRIVING FORCE  98.5 tons 877 kN 
 

FREQUENCY    1,700 CPM 
 

ECCENTRIC MOMENT  2,400 in-lbs. 2,770 kg-cm 
 

AMPLITUDE   .75 in.  19 mm 
 

CLAMPING FORCE  75 tons  667 kN 
 

MAX. LINE PULL  60 tons  534 kN 
 

HEIGHT   120 in.  3,048 mm 
 

THROAT WIDTH  13 in.  330 mm 
 

SHIPPING WIDTH  102 in.  2,591 mm 
 

WEIGHT W/ CLAMP  10,750 lbs. 4,891 kg 
 

HOSE BUNDLE LENGTH 150 ft.  46 m 
 
 
 

POWER UNIT   HP-325B 
 

ENGINE HP   325 HP  242kW 
 

OPERATING SPEED   2,100 RPM 
 

HYD. FLOW   94 GPM 356 lpm 
 

HYD. PRESSURE  5,000 psi 345 bar 
 

LENGTH   132 in.  3,353 mm 
 

WIDTH    48 in.  1,219 mm 
 

HEIGHT   84 in.  2,134 mm 
 

WEIGHT   9,500 lbs. 4,322 kg 
 
 
 
 
 
 
 
 
 

                                             MANUFACTURING, INC. 
1198 Pershall Road 
St. Louis, MO 63137 

(314) 388-2254 
www.mktpileman.com          Email: info@mktpileman.com  

 
MKT Manufacturing, Inc. reserves the right to ammend these specifications at any time without notice.  The only warranty is our standard written warranty.  We make no other warranty, expressed or implied. 



Vibratory Hammer Specifications 

Model 20 Exciter Model 150 Exciter 

Exciter llodll 11111 llodll 1 llCIL llodll 150 llodll 200 llodll2llO llodll 2IO 
(US) (METRIC) (US) (IETRIC) (UI) (METRIC) (U8) (IETRIC) (U8) (llETRIC) (UI) (IETRIC) 

Eccenlric Momeni 1,000 11.5 1.500 17.3 1.500 
(in lbs. kgm) 

17.3 2,000 23.0 2,500 28.7 2,800 30.0 

Dynllnlc Force 38 32 56 50 56 50 73 88 91 82 86 88 
(tons, tonnes) 

Frequency 1.800 1800 1,800 1800 1,800 
(VPM) 

1800 1,800 1800 1,800 1800 1,800 1800 

Aqllilllde 1.0 25.4 1.0 25.4 .875 
(in.mm) 

22.22 .875 22.22 1.0 25.4 .80 20.32 

Plle~Force 60 446 60 446 50 
(tons. K ) 

446 150 1335 150 1336 1!!0 1335 

Maximum Crane Pull 25 222 30 '161 30 '161 46 400 46 «JO 1111 534 
(tons. KN) 

Suepended Weight 4,700 2138 4,215() 1991 7,050 3204 8,800 3810 8,800 3810 10,780 4818 
(lbs. kg) 

~ so 1524 83 2108 WT 2210 86 2413 95 2413 86 2413 
(in.mm) 

Wldlh @ Throat 12 304 14 358 14 358 14 358 14 358 14 3158 
(in.mm) 

Height 84 1628 83 1800 78 1881 85 21158 85 21158 88 2488 
(in.mm) 

Power Unit 
(US) (METRIC) (UI) (llETRIC) (UI) (ll£TRIC) (U8) (METRIC) (UI) (METRIC) (U8) (llETRIC) 

Engine CUrnnh 3128Cll 3128Cll 3129 Cll 3408Cll 3408Cll 

Power 110 82 216 181 216 181 300 224 336 250 335 250 
(HP.KW) 

Speed 2,600 2600 2,400 2400 2,«IO 
(RPM) 

2400 2,100 2100 2,100 2100 2,100 2100 

()pending Pressure 2,500 170 2,500 170 2,500 
(PSI. BAR) 

170 6,000 346 6,000 346 6,000 346 

Flow 80 '01 120 464 120 
(GPM. LPM) 

464 70 285 88 383 88 383 

Weight 5,250 2388 7,800 315.18 7,800 
(lbs. kg) 

3638 11.000 4890 11,500 5218 11,500 5218 

L8nglh 88 2489 108 2748 108 2748 144 3868 144 3158 144 3158 
(in.mm) 

Width 42 1088 48 1219 48 1219 1111 1524 1111 1524 1111 1524 
(in.mm) 

Height 75 1805 78 1881 78 1881 86 2413 96 2413 96 2413 
(in. mm) 
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Vibratory Hammer Specifications 

Model 260 Exciter 
Model 500-Exciter 

llodll300 llodll400 llodll 4llO llodlllOO llodll 1200 llodll 1800 llodll 2000 
(US) (METRIC) (US) (1IETRIC) (US) (llETRIC) (US) (1IETRIC) (US) (llETAIC) (US) (llETRIC) (UI) (METRIC) 

3,000 35.0 4,000 48.0 4llOO 52.0 5,000 58.0 12,000 138 18,000 184 20,000 230 

108 99 14'6 182 184 148 182 11115 334 304 446 405 4811 438 

1,800 1800 1,800 1800 1800 1800 1,800 1800 1,400 1400 1,400 1400 1,300 1300 

.875 22.22 1.12 28.5 1.0 25.4 1.12 28.5 .75 19.0 1.0 25.4 1.0 25.4 

200 1780 200 1780 200 1780 200 1780 800 5340 800 5340 800 5340 

60 534 75 6lfT 75 6lfT 75 6lfT 180 1335 150 1335 150 1335 

10,750 4888 13,800 8182 19,000 8838 19,000 8838 44,340 20166 52.&00 23880 64,000 24646 

95 2413 102 2580 102 2580 102 2SIO 182 3358 182 3363 144 31158 

14 368 14 368 14 368 14 368 98 814 40 1018 40 1018 

98 2438 102 2tMIO 102 2580 102 2580 103 2818 103 2818 128 32151 

(US) (METRIC) (U8) (llETAIC) (US) (METRIC) (US) (METRIC) (US) (METRIC) (US) (METillC) (US) (METRIC) 

3408 Cat C-15 Cat C-18Cll 3412 Clll CUIM1lns CUIM1lns CUIM1lns 

400 300 525 394 800 448 700 522 1200 8f1T 1,800 1198 1,800 1198 

2,100 2100 2,100 2100 2,100 2100 2,100 2100 2,100 2100 2,100 2100 2,100 2100 

5,000 346 5,000 346 5,000 346 5,000 346 5,000 346 5,000 345 6,000 345 

115 435 140 530 192 m 202 784 280 1oeo 400 1514 400 1514 

11,500 5218 15,000 8804 19,000 8838 19,000 8838 37,120 18838 48,000 21818 48,000 21818 

144 3868 184 4188 184 4874 184 4874 278 7010 278 7010 278 7010 

80 1524 88 1878 88 1878 118 1878 98 2438 98 2438 98 2438 

95 2413 102 2580 103 2818 103 2818 120 3048 120 3048 120 3048 
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Model 216
Hydraulic Vibratory Driver/Extractor

Corporate offi ces:
301 Warehouse Drive, Matthews, NC 28104
Tele: (704) 821-8200 or (888) ICEUSA1
Fax: (704) 821-8201
www.iceusa.com   E-mail: sales@iceusa.com

INTERNATIONAL
CONSTRUCTION
EQUIPMENT,INC.

216-50102

Vibrator: Model 216
Eccentric moment 1100 in-lbs 13 kg-m

Max frequency 1600 vpm 27 Hz

Centrifugal force 40 tons 356 kN

Amplitude (free hanging) 0.94 in 24 mm

Max line pull for extracting 40 tons 356 kN

Weight (no clamp or hoses) 4230 lbs 1918 kg

Non-vibrating weight 1900 lbs 862 kg

Height (without clamp) 61 in 1549 mm

Length 50 in 1270 mm

Width 16 in 406 mm

Throat width 12.8 in 324 mm

Hydraulic hose length 100 ft 30 m

Hydraulic hose weight 850 lbs 385 kg

Power Unit: Model 200
Engine Caterpillar 3116TA

Power 200 HP 149 kW

Operating speed 2400 rpm 2400 rpm

Max drive pressure 2500 psi 172 bar

Drive fl ow 103 gpm 390 lpm

Clamp pressure 2500 psi 172 bar

Clamp fl ow 11.4 gpm 43 lpm

Weight (w/ full fl uid & fuel) 9310 lbs 4222 kg

Length 126 in 3200 mm

Width 60 in 1524 mm

Height 79 in 2007 mm

Hydraulic reservoir 275 gal 1041 liters

Fuel capacity 122 gal 462 liters

Hydraulic 
Clamps:

Model 216
Universal Clamp

Model 80B Casing
Clamps w/ 3’ Beam

Model 40
Combination Clamp

Clamp force 50 tons (445 kN) 160 tons (1423 kN) 40 tons (356 kN)

Weight 850 lbs (385 kg) 2706 lbs (1227 kg) 3220 lbs (1460 kg)

Width 12.75 in (324 mm) 13.75 in (349 mm) 24 in (610 mm)

Height 18 in (445 mm) 29 in (730 mm) 64 in (1626 mm)



Model 44-30V
Hydraulic Vibratory Driver/Extractor

Corporate offi ces:
301 Warehouse Drive, Matthews, NC 28104
Tele: (704) 821-8200 or (888) ICEUSA1
Fax: (704) 821-8201
www.iceusa.com   E-mail: sales@iceusa.com

44-30V-60223

Vibrator: Model 44-30V
Eccentric moment 4400 in-lbs 51 kg-m

Max frequency 1560 vpm 26 Hz

Centrifugal force 152 tons 1353 kN

Amplitude (free hanging) 1.17 in 30 mm

Max line pull for extracting 80 tons 712 kN

Weight (no clamp or hoses) 12100 lbs 5487 kg

Non-vibrating weight 4550 lbs 2063 kg

Height (without clamp) 84 in 2134 mm

Length 97 in 2464 mm

Width 21 in 523 mm

Throat width 14.3 in 362 mm

Hydraulic hose length 150 ft 46 m

Hydraulic hose weight 1425 lbs 646 kg

Power Unit: Model 335EV
Engine Caterpillar C9

Power 335 HP 250 kW

Operating speed 2200 rpm 2200 rpm

Max drive pressure 5500 psi 379 bar

Drive fl ow 116 gpm 439 lpm

Clamp pressure 4800 psi 331 bar

Clamp fl ow 6.3 gpm 24 lpm

Weight (w/ full fl uid & fuel) 10455 lbs 4741 kg

Length 127 in 3226 mm

Width 64 in 1626 mm

Height 69 in 1753 mm

Hydraulic reservoir 275 gal 1041 liters

Fuel capacity 118 gal 447 liters

Hydraulic 
Clamps:

Model 126C
Universal Clamp

Model 127B
Z-Pile Clamp

Model 80B Casing
Clamps w/ 6’6” Beam

Model 80B Casing
Clamps w/ 11’ Beam

Model 85 Timber,
Concrete & Pipe Clamp

Clamp force 125 tons (1112 kN) 125 tons (1112 kN) 160 tons (1423 kN) 160 tons (1423 kN) 80 tons (712 kN)

Weight 2185 lbs (991 kg) 3190 lbs (1447 kg) 2998 lbs (1360 kg) 6416 lbs (2910 kg) 6570 lbs (2979 kg)

Width 12 in (305 mm) 18 in (457 mm) 13.75 in (349 mm) 16.88 in (429 mm) 34 in (864 mm)

Height 38 in (959 mm) 41 in (1048 mm) 26 in (654 mm) 35 in (895 mm) 79 in (2007 mm)



 
Photograph of Typical Wick Drain.



 
 
 
 
 
Schematic of Wick Drain Installation.



 
Photograph of Excavator-Mounted Wick Drain Rig.



 
Photograph of Crane-Mounted Wick Drain Rig. 
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Shaw-Advent-Navy Responses to Comments  
provided by SC DHEC - May 1, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 

 

SC DHEC Comment (Format): 
 

 
 
Shaw-Advent-Navy response:  Noted and concur. 
 
SC DHEC Comment #1 (General): 
 
The Department (DHEC), the Navy, and the State Ports Authority (SPA) have worked 
closely to ensure that the potential to encounter UXO during the Port Construction project are 
properly addressed through the Voluntary Cleanup Contract issued to the SPA.  The 
following is a summary of the projected path forward for AOCs 501 and 503: 
 

• DHEC & SPA provide comments to Navy on the Draft UXO Risk Assessment and 
Mitigation Measures Report for AOCs 501 and 503.  This will be tracked as a Draft 
Corrective Measures Study Report (CMS) for AOCs 501 and 503. 

• The Navy will respond to comments and issue a Final UXO Risk Assessment and 
Mitigation Measures Report for AOCs 501 and 503.  This will be tracked as a Final 
CMS for AOCs 501 and 503. 

• DHEC & SPA will coordinate and agree on the required minimum mitigation 
measures.  These measures will include those recommendations from the report that 
are practical and do not restrict construction or require additional investigations.  This 
agreement will be documented in a letter from the SPA to DHEC. 

• DHEC will draft a CMS Approval letter noting acceptance of the revised report and 
specify the minimum required mitigation measures.  This will allow for inclusion of 
AOCs 501 and 503 in the next RCRA Permit Modification as requiring land use 
controls. 

• The Navy will amend the existing dig permit to allow construction in the AOC and 
will reference the mitigation report and DHEC's approval.  

• The SPA will proceed with construction and require the contractor(s) to employ the 
required mitigation measures. 

• Upon completion of the construction work we will provide a report to DHEC noting 
that the mitigation measures were employed and the work is complete.  (As required 
by the SPA Voluntary Clean Up Contract) 

• DHEC will then reevaluate the selected remedy (LUCs) for AOCs 501 and 503.  It is 
anticipated that DHEC will then concur with a No Further Action Decision. 

 
Navy response:  Noted and concur. 
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Shaw-Advent-Navy Responses to Comments  
provided by SC DHEC - May 1, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 

 

SC DHEC Comment #2 (Specific): 
 
Section 2.2 Site Descriptions and Assumptions, AOC 501, pg 2-1 
The fourth sentence references the location of AOC 501 with respect to the inner channel line 
in Zone J.  Please define Zone J.  Additionally, please clarify if AOC 501 has been dredged 
since 1945. 
 
Shaw-Advent-Navy response: 
 
Zone J was developed during the RCRA Facility Investigation/Corrective Measures 
Study performed at the Former Charleston Naval Complex by Ensafe/Allen & 
Hoshall, Inc. for NAVFAC and included the entire waterfront area of the Former 
Charleston Naval Complex.  The noted sentence will be modified to state: The 
eastern perimeter of AOC 501 is coincident with the Cooper River Inner Channel 
Line in Zone J (which includes the entire waterfront area of the former Charleston 
Naval Complex), and the area is known to have swift currents and poor visibility.   
 
Information provided the U.S. Army Corps of Engineers-Charleston District indicates 
that portions of AOC 501 have been dredged since late 1943 as part of their 
program of routine dredging in support of navigational channel maintenance on the 
Cooper River.  A map has been added to Appendix A to illustrate this fact.  An 
additional sentence will be added to the end of the cited paragraph to state:  
Information provided by the U .S. Army Corps of Engineers-Charleston District 
indicates  that portions of AOC 501 have been dredged since late 1943 as part of 
their program of routine dredging in support of navigational channel maintenance on 
the Cooper River (see dredging map in Appendix A). 
 
 
SC DHEC Comment #3 (Specific): 
 
Section 3.1 Intrusive Activities in AOC 501, pg 3-1 
The last sentence references MEC for the first time.  Please define. 
 
Shaw-Advent-Navy response: 
 
The noted sentence will be revised to state:  These activities will have the potential 
to disturb Munitions and Explosives of Concern (MEC) items lying on or below the 
floor of the Cooper River and need to be addressed in this Risk Assessment.  
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Shaw-Advent-Navy Responses to Comments  
provided by SC DHEC - May 1, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 

 

SC DHEC Comment #4 (Specific): 
 
Section 4.4 Sediment Transport at Ordnance Locations, pg 4-2 
This section outlines the point that the MK-47 depth bombs dropped at AOC 501 may have 
been relocated beyond the AOC 501 boundary due to 63 years of storms.  Though the bombs 
may have been relocated, investigations have focused on the known area of deposition based 
on the Navy’s historical research.   The limits of AOC 501 will be excavated during 
upcoming dredging activities.  However, if in the future, the MK-47 depth bombs are 
encountered outside the AOC 501 boundary, it is the Navy’s responsibility to respond. 

 
Shaw-Advent-Navy response: 
 
A sentence will be added to the last paragraph of Section 4.4 to state:   Regardless 
of their location inside or outside the AOC 501 boundary, it is DoD policy to respond 
to requests for assistance from civilian authorities when any military munition is 
discovered.  The discovery of small arms or non-DoD-specific munitions will not 
necessarily require Navy involvement, as other entities (including the U.S. Coast 
Guard, U.S. Border Patrol, etc.) have used properties within the former Charleston 
Naval Complex.  Traditional first responders (Police, Fire, and/or Bomb Squad) 
should be used to verify the nature and identity of potential MEC or UXO items 
encountered at the facility before contacting the Navy.  
 
 
SC DHEC Comment #5 (Specific): 
 
Section 6.0 Analysis/Risk Assessment, pg 6-1 
This section states, “There is a real potential to encounter MEC from historical facility 
operations at the former Charleston Naval Complex, especially during intrusive activities.”  
Has this statement been included in property transfer documents?  Was this noted in the 
deeds for the property? 

 
Please note, if in the future, MEC is encountered at the former Charleston Naval Complex, it 
is the Navy’s responsibility to respond. 

 
Shaw-Advent-Navy response: 
 
The cited statement was included for general information purposes and should not 
be interpreted as an indication of site-specific conditions at the former Charleston 
Naval Complex properties or necessarily included on property transfer 
documentation.  For any property where DoD munitions have been historically 
manufactured, packaged, transported, staged, stored, loaded, used, or otherwise 
stockpiled for disposal, there will always be a remote potential that some MEC item 
or residuals could be encountered during intrusive activities. 
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Shaw-Advent-Navy Responses to Comments  
provided by SC DHEC - May 1, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 

 

 
Ships and aircraft were routinely loaded with munitions at the former Charleston 
Naval Complex during World War II and the known incidents of lost or unaccounted 
munitions from that time were summarized on the 1945 Facility Map (included in 
Appendix A).  This Mitigation Measures Report addresses two of these locations that 
are relevant to the construction footprint of the proposed container terminal at the 
former Charleston Naval Complex.  No further action or explanation is required.         
 
As stated in the Response to Comment No. 4 above, traditional emergency first 
responders (Police, Fire, Bomb Squad) should be used to verify the nature and 
identity of potential MEC encountered at the facility before contacting the Navy for 
assistance. 
 
 
SC DHEC Comment #6 (Specific): 
 
Section 7.0 Risk Mitigation Measures, pg 7-1 
The second paragraph mentions that the proposed retention pond should be reoriented to 
avoid AOC 503.  Based on discussions with the SC Ports Authority, this may not be feasible.  
Mitigation measures for the construction of the retention pond within the AOC 503 boundary 
should be included. 
 
Shaw-Advent-Navy response: 
 
The SPA and their contractor have indicated that retention pond reorientation is not 
feasible.  An additional intrusive activity (No. 4) related to retention pond excavation 
will be added to text in Appendix D (Risk Assessment and Potential Mitigation 
Methods).  Section 3.2.3 will be revised to indicate that retention pond construction 
will involve the excavation of soil materials to depths (in discrete areas of the pond 
area) below the dredge fill materials.  Additionally, the referenced risk mitigation 
measures discussion will be updated to include revised mitigation measures for 
pond excavation. 
 
For areas of the retention pond that extend inside AOC 503 and excavation below 
the dredge spoil thickness is required, the following mitigation measure will be 
recommended:  Two Unexploded Ordnance Technicians (qualified in accordance 
with DoD Explosive Safety Board Technical Paper 18) using handheld 
magnetometers will survey area once a 6-foot depth has been achieved.  This UXO 
screening team will continue to investigate for anomalies in deeper excavations 
using phased approach in two-foot depth increments.  This process will be continued 
until required depth has been achieved. 
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Shaw-Advent-Navy Responses to Comments  
provided by SC DHEC - May 1, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 

 

SC DHEC Comment #7 (Specific): 
 
Figure 2 
For clarification, please indicate location of AOC 503 and define the Abandoned Subsurface 
Chemical Disposal Area as Combined SWMU 14. 
 
Shaw-Advent-Navy response: 
 
The figure will be updated to clearly identify features specified in the comment. 
 
 
SC DHEC Comment #8 (Specific): 
 
Section C.1 1998 Interim Measure Completion Report for AOC 501, pg C-2 
Please note that this document is a draft and has not been approved by the Department. 
 
Shaw-Advent-Navy response: 
 
The discussion for the 1998 IM Completion Report for AOC 501 will be updated to 
indicate that the document was submitted as a draft and has not been approved by 
DHEC.    
 
 
SC DHEC Comment #9 (Specific): 
 
Section C.2 1997 Interim Measure Completion Report for AOC 503, pg C-2 
Please note that this document is a draft and has not been approved by the Department.  
 
Shaw-Advent-Navy response: 
 
The discussion for the 1997 IM Completion Report for AOC 503 will be updated to 
indicate that the document was submitted as a draft and has not been approved by 
DHEC.    
 
 
SC DHEC Comment #10 (Specific): 
 
Section C.2 1999 Draft Zone H–AOC 503 Corrective Measures Study Report, pg C-4 
Please note that this document is a draft and has not been approved by the Department. 
 
Shaw-Advent-Navy response: 
 
The discussion for the 1999 Draft Corrective Measures Study for AOC 503 clearly 
indicates that the document was submitted as a draft.  However, the discussion will 
be revised to indicate that it has not been approved by DHEC. 
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Appendix H 
 

Response to Comments Provided by SC SPA / Moffat & 
Nichol 

 



Shaw-Advent-Navy Responses to Comments  
provided by SC SPA and M&N, Inc. – April 27, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 
SC State Ports Authority (SPA) Comment #1: 
 

 
 
Shaw-Advent-Navy response: Noted.   
 
 
SC SPA Comment #2: 
 

 
 
Shaw-Advent-Navy response:   
 
The point of contact, Walter Waltz, phone: 850-283-8284 at the Robotics Research and 
Development Group, USAF Research Lab at Tyndall AFB 
(http://www.ml.afrl.af.mil/mlq/g-robotics.html), will be added when the use of automated 
excavation equipment is described for Hazard Mitigation for Intrusive Activity No. 1 in 
Appendix D. 
 
 
SC SPA Comment #3: 
 

 
 
Shaw-Advent-Navy response: 
 
Based on this review comment and others provided by SPA and M&N Engineering on 
the inability to modify the orientation of the retention pond (to avoid or minimize the 
potential for surface excavation inside the perimeter of AOC 503), a fourth intrusive 
activity (Intrusive Activity No. 4, Retention Pond Excavation in AOC 503) will be added 
to the risk evaluations and mitigation measures presented in Appendix D.  For areas of 
the retention pond that extend inside AOC 503 and where excavation below the dredge 
spoil thickness is required, the following mitigation measure will be recommended:  Two 
Unexploded Ordnance Technicians (qualified in accordance with DoD Explosive Safety 
Board Technical Paper 18) using handheld magnetometers will survey area once a 6-
foot depth has been achieved.  This UXO screening team will continue to investigate for 
anomalies in deeper excavations using phased approach in two-foot depth increments. 
This process will be continued until required depth has been achieved. 
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Shaw-Advent-Navy Responses to Comments  
provided by SC SPA and M&N, Inc. – April 27, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 
SC SPA/Moffatt & Nichols Engineers (M&N) Comment #4: 
 

 
 
Shaw-Advent-Navy response: Noted. 
 
SC SPA/Moffatt & Nichols Engineers (M&N) Comment #5: 
 

 
 
Shaw-Advent-Navy response: Noted. 
SC SPA/Moffatt & Nichols Engineers (M&N) Comment #6 
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Shaw-Advent-Navy Responses to Comments  
provided by SC SPA and M&N, Inc. – April 27, 2007 

on Draft UXO Risk Assessment and Mitigation Measures Report 
for AOCs 501 & 503 at the Charleston Naval Complex 

 
 

: 
 
Shaw-Advent-Navy response: Noted. 
 
 
SC SPA/Moffatt & Nichols Engineers (M&N) Comment #7: 
 

 
 
Shaw-Advent-Navy response:  
 
As stated in the response to SC SPA Comment #3, a fourth intrusive activity (Intrusive 
Activity No. 4, Retention Pond Excavation in AOC 503) will be added to the risk 
evaluations and mitigation measures presented in Appendix D.  For areas of the 
retention pond that extend inside AOC 503 and excavation below the dredge spoil 
thickness is required, the following mitigation measure will be recommended:  Two 
Unexploded Ordnance Technicians (qualified in accordance with DoD Explosive Safety 
Board Technical Paper 18) using handheld magnetometers will survey area once a 6-
foot depth has been achieved.  This UXO screening team will continue to investigate for 
anomalies in deeper excavations using phased approach in two-foot depth increments. 
This process will be continued until required depth has been achieved. 
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