


SECTION 1 — Cover Letter 

  
January 29, 2010 

 
Mr. Bob Howard 
Director of Operations 
Patriots Point Naval & Maritime Museum 
40 Patriots Point Road 
Mt. Pleasant, South Carolina 29464 
 
RE:    Feasibility Report for the Landside Berth of the U.S.S. Clamagore 

 
Dear Mr. Howard: 
 
Dennis Corporation, along with Volkert, Inc., is pleased to submit the following report and recommendations to Patriots 
Point for the above referenced Project. As you will see from our research and findings we have developed two separate 
methods for the successful landside berth of the U.S.S. Clamagore. Both methods will safely distribute the weight equally 
around the sub allowing a safe relocation. This report will detail the process we plan to execute to ensure the USS 
Clamagore is not damaged during any phase of this project. Each method presents unique challenges with cost, time, and 
environmental impact. It will be important, to explain in detail which method may better suite the current needs of Patriots 
Point. 
 
Out Project Team can provide all engineering services and construction management for both methods. In this report you 
will find each step of the project broken down into sub task and a purposed cost related to each task. It is important to 
know that many prices include in our construction estimates are actual purposed price from contractors who are capable to 
handle the work. This allows for very accurate construction cost estimates. It is also important to know that some of these 
prices are subject to change and decrease once advertised to the public on a basis of competitive bidding. From our report 
you will see that we estimate the trestle system and crane tower method to cost roughly $5,765,499 and the cofferdam 
system to cost $6.3 - $6.6 million.  
 
This project is very important to our firm and we have thoroughly enjoyed the opportunity to serve Patriots Point. Dennis 
Corporation is experienced with construction projects across the state of South Carolina, including the Charleston area 
specifically, and hopes we have the opportunity to make one of these envisioned methods reality. 
 
Our team is committed to completing all project tasks on time and within budget. Your patience has been appreciated while 
we have been collecting data and completing research for this project. We have worked very hard to provide you with our 
best effort and hope you are pleased with our services. My project personnel have a long history of providing 
responsiveness to our clients and have always been successful in meeting proposed schedules and deadlines. 
 
Thank you for the opportunity to submit this report and recommendation. We look forward to continuing a long term 
relationship with the Patriots Point Naval and Maritime Museum that will grow with your needs. We will become a seamless 
extension of your staff, delivering quality service, which fully exceeds your expectations. 
 
 

Sincerely, 
 
 
 
Dwight Cathcart II 
Special Projects Manager 
Dennis Corporation 
 
 

www.denniscorporation.com 

5000 Thurmond Mall, Suite 114  Columbia  South Carolina  29201  Ph 803-252-0991  Fax 803-733-6787 
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SECTION 2 — Executive Summary  

Executive Summary 
 

Dennis Corporation, along with Volkert, Inc., is pleased to submit 
our findings and recommendations for the Landside Berth 
Operation of the U.S.S. Clamagore.  We have thoroughly enjoyed 
this project and hope that our research helps preserve the history 
of this great vessel. We feel honored that the Patriots Point 
Development Authority chose our team to complete this 
feasibility study and hope to continue our role in this project; as 
well as the purposed future construction projects involving this 
great submarine.  We began working on this study in mid July but 
our research and work began long before. We originally began 
our research in early December 2008 when we approached 
Patriots Point to assist in developing a method that would 
securely relocate the U.S.S. Clamagore to land. We developed 
several ideas and scenarios for the submarine but it wasn’t until 

July 2009 that we began to take our visions and ideas and put them on paper to see how feasible they would 
be. 
 
Several interesting scenarios were immediately discarded due to the change in grade elevation, environmental 
impacts, foundation dead loads, and the impacts to the Patriots Point Naval Museum. During our research, we 
met with a wide variety of engineers and consultants who have completed similar projects in the past.  We met 
with companies at all levels of the project, to include dredging and crane tower operators, to discuss our 
scenarios. Throughout our study we turned over every rock and explored every type of situation. Companies 
such as BarnHart out of Memphis, Tennessee and Mammoet USA from Houston, Texas were kind enough to assist 
us in our research and provide some insight into our methods. Mammoet has hands down some of the most 
experience in moving and lifting heavy objects. Mammoet recently lifted and moved a 3,000 ton metal roof 
emplacing it over a full size soccer field in Germany using one of the exact same methods we have developed 
for the U.S.S. Clamagore. The interesting challenge during this project was not the weight but rather the fact 
that during the entire movement the 3,000 ton roof was hurricane proof. 
 
Dennis Corporation has concluded that the only two feasible methods for Patriots Point to safely and securely 
move the U.S.S. Clamagore to a landside berth are the use of a marine trestle system with crane towers to lift 
the submarine onto land or the construction of a cofferdam system to move the submarine by floatation 
through channels to its final location. 
 
Marine Trestle System with Crane Towers 
In order to restore and preserve this landmark, a 
move to dry land has been determined to be the 
best course of action.  In order to facilitate this, a 
Marine Trestle System will need to be constructed 
to support an eight tower crane system along with 
the submarine itself in order to facilitate the move.  
A marine trestle system is similar to a pedestrian 
pier and is used in almost every bridge 
construction project for barges to shuttle supplies 
across a waterway.  Several local contractors 
currently own the required steel to complete this 
scope of project.  In addition, they would be able 
to salvage the steel bringing a significant cost 
savings to Patriots Point.  In a marine trestle system, 
the submarine will be dead lifted out above the 
water using stand jacks, as opposed to a canal 
inclined plane, where it is carried in a water-filled caisson. An inclined canal with rail system was originally 
studied, but the size of this project area did not allow enough space for the submarine to climb the 
embankment at the desired slope.   

Rendering of Marine Trestle System 

Current Location of U.S.S. Clamagore 
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The area selected for the submarine is located on the edge of 
the parking lot directly above the submarine's current location.  
The elevation of land is 21’ higher than that of the Mean Low 
Water (MLW) level, so in order to effectively lift the submarine it 
will have to be lifted to an elevation of 25’.  To install the trestle 
system, 90’ steel pipe piles will be used to support the entire 
system.  Several different size pipe piles can be used for this 
scenario; however, bearing calculations will have to be met to 
ensure load capacity. The use of different pipe piles will provide 
Patriots Point with a competitive bidding process, which can 
result in various scenarios for different contractors depending 
on what they have already on hand. As a result, one 
contractor may bid the construction of the trestle system 
significantly lower than another due to already owning the 
appropriate size pipe piles to meet the foundation dead loads required.  This pipe pile will be removed once the 
project is complete; adding an additional salvaging cost savings to Patriots Point. The trestle system to be 
constructed will have two identical spans that will run roughly 625 LF each along the existing pedestrian pier of a 
total combined length of 1,250 LF.  325 LF will be constructed over water while the additional 300 LF will be 
constructed over land. We had originally purposed designing a special cradle that would be positioned 
underneath the submarine to displace the weight of the submarine; however, after further review this would be 
a large excessive expense to Patriots Point. The use of large metal support straps can be used to effectively lift 
the submarine without applying excess pressure to one area of the structural members of the submarine. Two 
miniature tug boats will be used to position the submarine between the two trestle systems. Additionally, air bags 
may be required to further stabilize the vessel as it makes the transition between the two trestle systems. 
 
Support system 
The U.S.S. Clamagore displaces 1,975 tons surfaced, according to general characteristics of the Guppy III 
conversion.  Joseph Lombardi with Ocean Technical Services reported in a recent marine survey the surfaced 
weight to be 1,731. Therefore, the system will need to be able to support approximately 2,000 tons. The marine 
trestle system will be supported by steel pipe piles that are driven into the ground roughly 70’ to reach the 
Cooper Marl, which in a recent Geotechnical Exploration Report, performed by S&ME in late October, was 
recorded at a depth of 40’ – 83’ below the mudline. These steel pipe piles will remain in the marsh for the 
duration of the operation. These pipe piles will be bolted to cross beams that will connect the two rows of 
supports, then each set of supports will be connected by parallel cross beams that will be bolted to the support 
system. The rails will be steel I-beams, all of which will be removed after the U.S.S. Clamagore has reached its 
final destination to minimize an environmental impact.  The pilings will be driven using a crane supported leader 
and diesel pound drop hammer. The rig will first be positioned in the parking area of Patriots Point. The pile 

driving equipment will work out from the parking lot into the 
marsh area toward the U.S.S. Yorktown utilizing; the same trestle 
system it is constructing for a bridge as it works its way out 325’ 
into the harbor. This entire operation can be done without the 
use of any barge or any equipment in the water allowing no 
impact to the daily operations of the museum. The excavator 
will drive the pilings on the land portion of the operation.  
Depending on the soil type found, a water jet method may be 
used on the land driven piles to help drive the pilings 
successfully. A water jet method is simply a stream of high 
pressure water that precedes driven pile to break up the 
surrounding soil and make the driving process easier.  The pilings 
will then be connected through a system of parallel steel rails. 
 
 

Selected area for final location 

Steel I-Beam Rail Pads 
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Crane Towers and Skidding System 
Once the trestle system has been completed all 
wooden crane mats utilized by the pile driving 
equipment will be lifted, removed, and replaced 
with the skidding track system ready for the eight 
crane towers to be erected.  Each crane tower will 
be constructed in the parking lot and will be 
connected making four identical systems. Strand 
jacks on top of the crane towers, each with a lifting 
capacity of 450 tons, will be used to lift the 
submarine directly out of the water in between the 
two trestle systems. The four systems will work in 
unison under an electrical remote control. The crane 
towers will then move hydraulically along a skidding 
track moving the submarine over existing concrete 
pedestal supports. 
 
Alternative Cofferdam System 
The other proposed method is to build a cofferdam 
into the already existing parking lot and float the 
U.S.S. Clamagore to the desired vertical height of 
approximately 28’. A trench, involving excavating 

roughly 51,000 CY of existing material, would be dug in the current parking lot large enough to enclose the 
entire submarine and deep enough to sustain the 15’-17’draft of the submarine.  Steel sheet piles will be used to 
support the walls of the excavated area and the submarine would be aligned in the cofferdam. The sheet piling 
wall would then be sealed to act as a lock. It will then be filled with water and sand by the use of pumps, which 
will raise the submarine to the desired elevation. Once all the water has been displaced with sand and the 
submarine is at the desired elevation; the steel sheet piles can be cut and the concrete pedestals can be 
constructed underneath the submarine. 
 
Concrete Pedestal Supports 
Upon reaching its final destination, the U.S.S. Clamagore will rest upon several large reinforced concrete 
supports. These cradles will both support and stabilize the ship for the restoration and visitation that will ensue 
following the move. The two methods researched in this report change the construction of the concrete 
pedestals dramatically. If the crane tower and strand jack method is used, additional steel pipe piles will be 
driven into the ground between the skidding systems at the same time the trestle system is being constructed.  
These pipe piles will be used to support the weight of the submarine at its final destination. Concrete supports will 
then be emplaced with the steel pipe piles making up the concrete pedestals that will support the submarine. If 
the cofferdam method is used, all material that would have originally been used to support the weight of the 
submarine located in the parking lot, will have been excavated for the trench and cofferdam and replaced 
with water and sand. Therefore, a larger amount of reinforced concrete will be required to construct a 
supporting bed for the submarine and the concrete pedestals to sit on. A one inch neoprene pad will be 
placed between the top of the concrete supports and the submarine to protect the hull of the U.S.S. 
Clamagore. 
 
Restoration 
The U.S.S. Clamagore will undergo a detailed structural hull survey to determine the existing conditions. The hull 
and superstructure were restored in 2001, as they had deteriorated over the years from saltwater corrosion, 
marine growth, and weather. If further repairs are necessary prior to the move, they will be performed in the 
water before the moving commences. Following the move, final repairs and restoration will need to be 
completed immediately as oxygen will enhance and speed up the corroding process. The task of the repair 
plan is to restore the structural and historical integrity of the U.S.S. Clamagore.  In areas where it is sufficient, the 
hull will be sandblasted and painted.  In areas where more extreme corrosion is present, panels will be cut away 
and new panels will be welded in their place. A lead-based paint survey and assessment will need to be 

Example Tower System 
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conducted before any work can commence on the U.S.S. Clamagore. Proper precautions will be taken to 
protect the surrounding area from contamination for the paint removal.  A geo-fabric material to catch all lead 
paint particles will be installed to protect the surrounding environment. The U.S.S. Clamagore will then be primed 
and painted to restore her beauty and ensure her long term existence. 
 
Environmental Impact 
To construct a work trestle or cofferdam within the Charleston harbor and the adjacent salt marsh wetlands, 
temporary impacts to “critical areas” will occur but minimized to the best of our ability. Critical areas are 
defined by the South Carolina Department of Health and Environmental Control – Ocean and Coastal 
Resource Management (SCDHEC-OCRM) as tidelands and coastal waters.  Permits would be obtained from the 
U.S. Army Corps of Engineers (USACE) and SCDHEC-OCRM. The installation of temporary piles and a work trestle 
would constitute minor impacts and mitigation would likely not be required. This would streamline and expedite 
the permitting process.  Our project team has conducted preliminary reviews of the environmental impacts and 
have conducted an initial coordination with the appropriate governmental agencies. Their report is enclosed in 
our feasibility study.  Follow up meetings would need to occur to meet with representatives from the Charleston 
offices of these agencies to present the project and obtain final feedback on permitting. In general, the 
agencies will ask that minimization measures be put in place to preserve the existing habitat to the greatest 
extent possible. Environmental representatives would coordinate with the National Ocean and Atmospheric 
Administration (NOAA) to avoid any delays to the project that could be caused by impacting Essential Fish 
Habitat, such as the estuarine waters of the Charleston Harbor. The Crane Lift Operation provides less impacts to 
“critical areas” and will involve less mitigation and environmental protection measures due to minimum 
excavation.  Due to the large excavated area required to construct a cofferdam many protective measures will 
have to be put into place to prevent impacts to the already identified “critical areas”. 
 
As you will see in this report, we have narrowed our research into these two final methods; a trestle system with 
crane towers to lift the submarine and a cofferdam system. Both of these methods have been tested and 
proven and are feasible for the landside berth operation of the U.S.S. Clamagore. Each presents separate 
challenges, such as environmental impact, costs, and scheduling constraints.  We have done our best to take 
into consideration the daily operations of Patriots Point and both methods have been developed to not hinder 
or affect the museum during any operational hours. We are fully aware of the unique nature of this project and 
the projects surrounding the many other naval ships located at Patriots Point, but may not be privy to all that is 
involved. Therefore, one method may suit your needs over the other taking into consideration something we 
were not aware of at the time of our research. We have enclosed all of our research and findings along with 
construction cost estimates, schedules, and our recommendation in this report. 
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Background 
 
The U.S.S. Clamagore (SS-343) was decommissioned on 12 June 1975 after 30 years of service, which included 
exercises and operations in the Florida Keys, Panama, Cuba, The Virgin Islands, Mediterranean Sea, North 
Atlantic, Portsmouth England, NS Argentina, Newfoundland, Charleston Harbor, New London Connecticut, and 
Puerto Rico. Though she did not see action during World War II, she did participate in offensive operations during 
the Cold War.  She was donated as a museum ship on 6 August 1979.  She was then added to the Patriots Point 
fleet in April 1981.  She was built as a Balao-class submarine in 1945 by Electric Boat Co. in Groton, Connecticut.  
In 1948, the U.S.S. Clamagore underwent a GUPPY II conversion to improve performance under water. The 
Greater Underwater Propulsion Power Program (Guppy) was initiated by the United States Navy after World War 
II. This was an extensive conversion that gave the submarines a snorkel, a more streamlined hull, and a much 
greater battery capacity. The GUPPY II conversion included the addition of three new masts. The U.S.S. 
Clamagore was once again converted in 1962 and became one of only nine boats to be converted to GUPPY 
III.  The GUPPY III Program included an addition of 15 feet to the hull increasing the total length from 307 feet to 
322 feet. The boat was cut in half and lengthened on the forward end of the control room to create new space 
for sonar. She is now the only Guppy III submarine preserved in the United States and the only US submarine 
museum boat to have undergone GUPPY II and GUPPY III conversions. According to the South Carolina 
Department of Archives and History, Clamagore “is now the only surviving GUPPY type III submarine in the United 
States”. She represents the continued adaptation and use of war-built diesel submarines by the Navy for the first 
two decades after war”. The U.S.S. Clamagore was designated a National Historic Landmark on 29 June 1989. 

 
Characteristics of the U.S.S. Clamagore 

 
 
Displacement –    1,975 tons (2,007 t) surfaced 
     2,450 tons (2,489 t) submerged 
 
Length -     322 feet (98 m)  
 
Draft -      15” 11 ½” and the trim is 5 ¾” by the stern   
 
 
Breadth or Beam -    27” 4 1/8” 

 
 Highest Point of fixed portion 
 of vessel above Normal waterline -  36” 6 ½”  

Existing Corrosion to U.S.S. Clamagore 
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Site Preparation 
 
A land and hydrographic survey was completed for this feasibility study to determine the dredging area for the 
U.S.S. Clamagore. This survey was used to determine calculations of the project area. In past discussions with 
Patriots Point officials, it was determined that the submarine still had several batteries. These batteries could 
weigh as much as 500 pounds each. It was additionally discussed that several of the ballast tanks are filled with 
water or an oil like mixture. As a result, the current estimated weight of 1,975 tons could be decreased if these 
remaining batteries were removed and the ballast tanks were cleaned or drained. This would in turn decrease 
the draft and weight of the submarine. The draft of the U.S.S. Clamagore is reported to be roughly 16 feet. In 
order to float the U.S.S. Clamagore and reach a minimum depth required to safely navigate the vessel, 
dredging below the water surface must occur. However, existing conditions and nearby pedestrian piers 
presented certain challenges to this step of the project. It was concluded that the required dredging had to be 
minimized and stay far enough away from existing piers to not disturb their foundations.  Two existing piers are 
within the project area, both constructed with 14” concrete piles, which include batter piles driven below the 
surface of the water at roughly a 45 degree angle. Therefore, it was determined by members of Volkert, Inc. 
that the dredge centerline must be at least 75 feet away from existing pier foundations.   
 

Project Area 



 12 

 
SECTION 4 — Site Preparation 

Hydraulic dredging is the preferred method to 
reach the desired depth to float the 
submarine. This method of dredging and the 
dredging area will be almost identical for 
both the Crane Lift Method and the 
alternative Cofferdam Method.  This form of 
dredging is done by mixing the water with the 
material to be removed, and pumping it 
away as sludge. Hydraulic dredging is more 
versatile, more efficient, and more 
economical to operate our mechanical 
dredges, because both the digging and 
disposing functions are performed by one self-
contained unit in the majority of instances.  
Suction dredging of this type resembles a 
giant vacuum during its operation.  A mixture 
of water and material is drawn through a 
suction pipe lowered to ground surface under 
water. The sludge mixture will then be 
discharged through a pipeline to a disposal 
area or onto a barge. Dredges of this type 
can dig deeper than others, but are limited to soft, free flowing alluvial type material, such as the material 
around the U.S.S. Clamagore. For this operation we plan to use smaller portable suction dredging vessels, which 
will be able to fit under the existing pedestrian pier at low tide gaining access directly to the dredging area 
without removing any existing pier sections.  A 10”  swinging ladder dredge and related submerged pipeline are 
used in our cost estimate and have been used on previous dredging operations at Patriots Point. This will not 
affect museum operations. The small dredge will then pump the sludge material to a nearby vessel, which will 
then take the material across the Cooper River to Drum Island or 10,500’ of submerged pipeline will be used to 
pump the material directly to the North Side of Drum Island. It is our understanding that Patriots Point currently 
maintains a permit to dispose of dredged material on this island, as long as the required capacity or quantities 
are maintained and do not exceed what is authorized. 
 
A geotechnical exploration report was completed for this feasibility study. The purpose of this exploration was to 
evaluate the subsurface conditions at the site pertinent to the temporary support system. It was important to 
locate the depth of the Cooper Marl, which will be required to achieve bearing capacity for steel pipe piles 
used to construct the trestle system to support the crane towers. The subsurface conditions in the Cooper River 
were explored by taking two soil test borings.  The borings were performed from a barge to depths of about 83.5 
to 87 feet below the barge deck. Test locations were established in the field by estimating distances from 
existing site features. Coordinates for test locations were obtained with handheld GPS units with submeter 
accuracy. Boring elevations were estimated from published tide data. The over water exploration initially 
encountered 20 to 30 feet of very soft clay like silt. Beneath the silty clay layer, the subsurface conditions 
generally consisted of very loose to loose sand to the top of Cooper Marl. The marl was encountered at a depth 
of about 40 feet below the mudline, which corresponds to an elevation of about -48 ft-NAVD88. The marl 
continued to the deepest explored depth of about 83 feet below the mudline. The water depth at boring 
locations ranged from a low 0 feet at SPT-1 to over 9 feet at SPT-2 during our investigation.   
 
Should they be required timber dolphins could be included in both cost estimates as an additional cost. It was 
identified early in our study that there may be a need to move the submarine prior to it making its move to land.  
An estimate is included, which covers all labor, materials, equipment, and supervision to construct (1) 13-foot 
pile timber dolphin and one (1) 7-foot pile timber dolphin. These dolphins would be located offset from, but 
parallel to, the existing main concrete access pier connecting to the landside facility. The purpose of the timber 
dolphins would be to provide limited temporary berthing supports to the U.S.S. Clamagore should they be 
required. In the event the submarine cannot make one single movement to the cofferdam or the crane lifting 
trestle system a planned temporary berthing position alongside the main concrete access pier could 
accommodate the submarine for several weeks. These timber dolphins can be installed utilizing a floating crane 
barge and material barge located on the far side of the pedestrian pier; as shown in the drawings for the Crane 

Dredging Area 



 13 

 

Dolphin Support Emplacement         
  Mobilization / Demobilization     $16,500 
  Materials         $30,000 
  Labor         $31,500 
  Lighting Equipment       $2,000 
   Total         $80,000 

SECTION 4 — Site Preparation 

Lift Method. Subject barges will be positioned for up to ten (10) days in the access channel currently used by 
Fort Sumter Tours, but will be able to be repositioned each morning so as to not interfere with the tour boats. This 
installation, process would be conducted at night with the use of heavy lighting equipment again; not affecting 
the museums operations or causing any safety concerns to visitors of the facility.    
 
 
 
 
 
 
 
Moving of the vessel 
Our construction cost estimate includes the furnishing of up to three (3) small tug boats and a minimum eight- 
man crew to relocate the U.S.S. Clamagore from its current berthing position between the two trestle systems 
ready for the execution of the Crane Lift Operation. This work will need to be accomplished during slack high 
water or slack low water, after completion of planned dredging on a near windless day.  Our construction cost 
does not include any repairs to the U.S.S. Clamagore that may be required to float her between the two trestle 
support systems or into the purposed cofferdam. For the Cofferdam Method a similar movement process will be 
used, but more precautions will need to be taken. 
 
Adding buoyancy 
Although we understand that the testing of the ballast tanks 
will be carried out by a different party, adding buoyancy 
may be required. The testing of the tanks will be done by 
pressurizing them one by one with air. The data gathered 
from this survey plus the submarine's general data, can be put 
in a GHS Software; where a Naval Architect will be able to 
calculate if she will float and, if not, what additional 
buoyancy is required. In addition, the stability will be checked 
as well. 
 
The additional buoyancy required will dictate what the best 
solution is for a floating body. If it is just a matter of trimming 
the stern or the bow it could be accomplished using a lift 
bag, but when it becomes more serious flexifloats or a super 
size lift bag could be the solution. The floating bodies will be 
connected to the submarine with steel wire, shackles, and 
pad eyes. With the inner hull still intact it would be surprising if 
enormous amounts of buoyancy was needed. 
 
Buoyancy of 2,000 tons will never be required to refloat the 
submarine, it will always be less. It will be a balance between 
draught, stability, buoyancy, and water level. You can think 
of a scenario where the submarine does float, but there is not 
enough water, dredging would be part of the solution in this 
case, however adding floatation devices may be required for 
additional buoyancy. A Naval Architect should calculate and 
double check all of this to avoid any unforeseen additional cost. This will more than likely take place during the 
final marine survey.  After the survey and inspection have been completed, the buoyancy of the submarine will 
be determined and additional needs will be reviewed.  In the best case where only pressurization of the ballast 
tanks of the submarine are required and limited floatation devices are required for stability, estimated fees for 
these services and materials have been proposed to range from $80,000 to $180,000. These fees have not been 
included in our cost estimate because the need for them has not yet been determined. 
 

 

Example Buoyancy Tanks 
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Our Project team has investigated a number of potential solutions for the relocation of the U.S.S. Clamagore.  
This effort has presented some very interesting technical challenges; however, the design and construction 
team has developed a strategy to meet these challenges and do so in a safe and cost effective manner. Of 
critical importance to this effort is to ensure that the Clamagore is properly handled to protect the historic 
nature of the vessel. These activities must be thoroughly planned, documented, and a systematic process 
implemented. The Department of the Interior’s Standard for Historic Vessel Preservation Projects sets the 
benchmark for the goals of this project that include: 
 

 Protection:  Safeguarding the physical condition of the vessel from further deterioration or damage. 
 Stabilization:  Reestablishing the structural integrity of the vessel through the reinforcement of structural 

members or by arresting material deterioration that could lead to structural failure. 
 Preservation: Maintaining the existing form, integrity, and materials of the vessel. 
 Rehabilitation:  Alterations or additions only when such alterations or additions will not have a serious 

impact on the historic fabric of the vessel. 
 Restoration:  Work shall be based upon verifiable historical, pictorial, or physical evidence to protect 

vessel's historic fabric. 
 

The sheer size of the vessel in the tight quarters and shallow waters at Patriots Point complicates maneuvering 
the vessel adjacent to U.S.S. Yorktown pedestrian access facilities. At approximately three hundred and twenty-
two (322) feet in length and nearly twenty-eight (28) feet wide, the location of extraction of the Clamagore will 
be limited by the available plan area, physical obstructions, location and boundary of salt marshes, and 
ultimate location for display area. Furthermore, the Clamagore will need to be lifted nearly twenty-five (25) feet 
above the water surface elevation due to the grade difference in the parking area adjacent to the welcome 
center. 
 
Field reviews were conducted with design and construction staff and heavy lift contractors. It was determined 
that the most feasible staging location for the Clamagore is parallel to the existing pedestrian facility extending 
from the welcome center. This position minimizes environmental impacts; takes advantage of existing channel 
features; moves the vessel as close to its final location as possible; and orients the vessel along its future 
alignment. This location will allow for little to no impact to the daily operations of the museum. 
 
The positioning of the vessel is an important factor for the type and 
placement of lifting equipment. Since the vertical grade difference 
between the waterline and the parking lot is roughly 21 feet, the team 
concluded that the lifting feat would best be accomplished with a 
temporary work trestle foundation system and a crane tower system  with 
a strand jack assembly that has the ability to straddle the Clamagore. Two 
independent work trestles will be constructed along each side of the 
vessel. The trestles will be sized such that a conventional crane can work 
from the finished grade elevation of the parking lot and work outward 
toward the direction of the Yorktown while constructing new sections of 
the trestle. Trestles on both sides can be installed simultaneously or one side 
constructed first, followed by the second as determined by the 
contractor’s means and methods. 
 
Each trestle will consist of structural steel bents spaced approximately 
fifteen (15) to thirty (30) feet on center longitudinally along the trestle.  
Each bent will be supported on two (2) or three(3) steel pipe piles driven 
down to the Cooper Marl formation to achieve appropriate supporting 
capacity.  Since the elevation of the trestle will be approximately twenty-
one (21) feet above the waterline, batter steel bracing piles will be 
installed in the waterway sections to provide lateral support of the systems.  Similar Crane Tower System 
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The bent caps will be constructed with structural 
steel tubes with an inside diameter greater than 
the outside diameter of the pipe piles to permit 
ease of placement over pipe piles at the 
conclusion of pile installation.  The cap tubes are 
topped with a solid steel plate welded along the 
perimeter with a full penetration weld.  The cap 
plates support a structural steel gusset plate to 
which a steel cap beam will be used to provide 
connection between the pile supports.  The caps 
will be inter-connected with structural steel 
beams that will provide longitudinal support of 
the skidding system for the gantry crane. The 
trestle will be equipped with a timber platform 
system and safety railing to provide safe access 
of workers to the equipment during hauling 
operations.  As described previously in this report, 
the soil material above the Cooper Marl is 
generally very loose material.  Therefore, support 
in the parking lot area for the gantry system 
would be limited. It is intended that the 
foundation system installed in the waterway 
would be utilized on the landside, as well.  This 
would ensure that appropriate support of the 
system is provided. 
 
Steel pipe piles are the preferred pile type for this 
project for many reasons.  They are very durable 
and resistant to corrosion.  They are ideal for 
marine conditions and they can be driven in 
loose material to high depths.  The use of steel 
pipe piles gives you inside and outside friction 
resistance, which will make them stronger to 
support the load weights and less likely to move 
while driving nearby pipe piles. One of the 
greatest advantages to the use of steel pipe piles 
is that they can be removed by vibrating them 
loose from the bottom layer of Cooper Marl and 
reused by the contractor. This provides a 
salvaging price for Patriots Point. Ultimately 
Patriots Point will not be responsible for 
purchasing any of the steel for this method 
because the majority of local marine contractors 
already have the same materials in their yards to 
construct such a trestle.  This type of trestle is used 
on almost every bridge construction job to 
transport materials by crane around the job site. 
 
The pipe piles will be driven using a crane 
supported leader and diesel powered drop 
hammer or a hydraulically operated hammer 
depending on the contractor’s preference.  The 
pile driving equipment will work from the parking 
lot out over the marsh and water area toward the U.S.S. Yorktown.  The equipment will actually utilize the newly 
constructed trestle system as it works out over the water.  As a result, no barges will be required and no heavy 
equipment will be in the water.  More importantly, no sections of the nearby pedestrian pier will need to be 

Temporary Work Trestle Foundation System 

Breakdown of Trestle System 

Steel Pipe Piles to be Used 
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removed.  Test loads will be conducted on the piles to make sure load bearing capacity is met. Two types of 
test loads can be performed on piles.  These are the constant rate of penetration (CRP) test and the maintained 
load (ML) test.  In the latter type, the loads are applied in increments.  In the CRP test the pile is jacked into the 
soil; the load being adjusted to give a constant rate of downward movement to the pile, which is maintained 
until failure point is reached.  Failure is defined either as the load at which the pile continues to move downward 
without further increase in load, or the load at which the penetration reaches a value equal to one-tenth of the 
diameter of the pile at the base. 
 
The crane lift system is designed for strength and 
mobility. The crane tower units are designed to 
support the heavy loads of the system using a 
structural steel x-frame design for the vertical 
towers. The towers are supported on a hydraulic 
chassis containing independently controlled 
tandem wheel groups that provide a large 
footprint for load spreading and control over the 
tower base during movement. These towers are 
connected to each other through structural steel 
beam units to enable the tower groups to 
operate as a single unit.  The tandem chasses are 
computer controlled to ensure that the strand 
jack units work together seamlessly thus providing 
consistent support and protection of the 
Clamagore. The units are equipped with cable lift 
systems, that will be attached to steel saddle 
supports which will be maneuvered under the 
Clamagore prior to the lift. 
 
Appropriate support for the vessel is required for 
distribution of loading evenly throughout the 
structure. The concrete pedestals will be 
fabricated using reinforced concrete along with 
structural steel members.  Steel pipe piles can be 
driven in the ground at the same time the trestle 
system is being constructed at a minimum cost 
adding structural support to the already loose 
existing foundation material. The concrete system 
would consist of cast-in-place concrete footings 
that support concrete stem walls cast with the 
transverse curvature of the vessel.  The number 
and location of the concrete wall systems would 
be such to ensure long-term stability of the 
Clamagore. A structural steel fame was 
researched to go underneath the submarine for 
support during lifting.  Longitudinally the saddle 
would have consisted of wide flange beams, and 
the beams would be connected transversely to 
form the frame.  Cross-bracing would have been 
provided to prevent racking of the frame and 
ensure frame stability.  The support beams would have consisted of a curved web with both top and bottom 
flanges.  All connections would have been welded.  Upon researching this, we realized the cost to design and 
construct such a device was much higher than any anticipated.  We also realized that steel support belts had 
already been used with this type of crane tower system to lift similar marine vessels and are sufficient for this 
method. 
 

Example Concrete Support Pedestals 

Hydraulic Gantry Studied For This Project 
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As seen in the End View in the graphic shown below, multiple strand jack units will be required to fully distribute 
the weight of the vessel.  The system has the advantage, due to its geometry, of lifting the Clamagore above 
finished grade to facilitate the movement of the vessel to its intended final location.  As noted above, the units 
are computer controlled and crane tower systems will operate simultaneously as a continuous operation. 
 

The advantages to this system are summarized as follows: 
 

 The trestle system is installed using “top-down” construction methods that eliminates the need for 
equipment to enter the waterway and significantly minimizes marsh impacts; 

 The entire trestle can be installed prior to re-positioning of the Clamagore without impacting access to 
the Yorktown; 

 The trestle is a temporary system that can be removed after relocation of the vessel.  This important 
feature is critical to permitting and will result in reduced costs due to salvage value of materials; 

 The innate geometry of crane towers permits the Clamagore to be efficiently lifted from the waterline up 
and above the elevation of the adjacent parking lot; 

 Strand Jacks are available with very high lifting capacities and they can be used in tandem to distribute 
loading for trestle foundation and vessel support; and, 

 The strand jack system utilizes high strength cabling that can be connected to steel saddle support belts 
under the vessel to enact the lifting operation. These saddle supports are a critical component to 
protecting the physical condition of the Clamagore, stabilizing the hull to preserve its integrity, and 
preserving the existing shape and form of the vessel. 
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To develop an estimate of cost for the relocation of the 
Clamagore, including the installation of the proposed crane tower 
and strand jack system, a determination of system loads and 
structure capacity are required.  The development of loads was 
based on historical data for the Clamagore; available data on 
similar crane tower systems; and typical temporary trestle type 
construction. The table here summarizes the total estimated 
loading for the systems with appropriate contingency factors.  The 
haul scenario presented in the preceding graphics results in the 
7.57 million pound loading being distributed equally to the eight 
vertical supports of the tower system resulting in approximately 480 
ton per support. These loads are then transmitted through the 
skidding system and temporary trestle superstructure into the 
trestle beams and caps.  The cap loads in turn transmit loading 
into the foundation material either by a two or three pile support.  
As shown in the table here, a two-pile bent will have 
approximately a 240 ton load and a three-pile bent will have a 
160 ton loading. 
 
To assist in this effort, S&ME performed field exploration to evaluate 
the subsurface conditions at the site pertinent to the temporary 
support of the vessel as it is moved to its proposed final location on 
land.  For this work, S&ME performed two soil test borings in the 

project area from a barge to depths of approximately 83.5 feet to 87 feet below the approximate water surface 
elevation.  Test locations were horizontally located in the field by estimating distances from existing site features.  
Data for the test locations published in the summary report were obtained with handheld GPS units with 
submarine-meter accuracy.  Elevations reported for the borings were estimated from published tidal data. 
 
Laboratory testing was performed on five soil samples obtained from the exploration generally in accordance 
with appropriate ASTM standards. The borings provided feedback that soft clay like silts and loose sands overlay 
the Cooper Marl which was encountered at an approximate elevation of about -48 feet. 
 
Based on their review of the laboratory work and field work, S&ME recommended the use of driven H-pile and 
open-ended pipe piles. Pile driving is accomplished using a mechanical device that physically hammers piles 
into soil to depths such that support capacity for the applied loading is achieved.  Diesel pile hammers are 
typically used for the installation of these types of steel pile supports. The system consists of a large two-stroke 
diesel engine attached to a piston providing the driving weight of the hammer. The pile driving operation 
begins when the crane operator raises the piston using cabling supporting the pile driver which draws air into 
the engine cylinder.  The weight is dropped using a quick-release device and the piston’s weight compresses air 
in the hammer cylinder instantaneously, producing tremendous heating that provides ignition of the diesel fuel.  
Diesel fuel is continually injected into the cylinder.  Each time the falling weight strikes the pile head, engine 
ignition drives the weight back up, again drawing in more fuel-air mixture, and the cycle starts over until the fuel 
runs out or is stopped by the pile crew. 
 

Component Estimated Loads

(lbs)

Tower System 2,200,000

Contingency 25% 550,000

Submarine 4,000,000

Contingency 15% 600,000

Railing System 200,000

Contigency 10% 20,000

Total 7,570,000

473 tons

237 tons

158 tons

Load per Gantry 

Tower Support

2 Pile Bent: Per Pile 

Load

3 Pile Bent: Per Pile 

Load
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The exploration data was utilized to develop recommendations 
related to center-to-center pile spacings and the capacity of the 
soil material to support loadings from the proposed trestle system 
and vessel. It was recommended that the piles be spaced 
approximately three pile diameters apart in order to prevent 
capacity reduction due to “group effects”.  Group effects are 
generally realized when piles are closely spaced.  The capacity of 
piles and pile groups are achieved by the piles ability to develop 
stresses and stress zones within the supporting soil mass.  Because 
the stressed zone of the individual piles overlap one another in 
closely spaced pile groups, the total stressed zone area is actually 
less than the sum of the stress zones for each pile in the group if it 
was standing-alone. By spacing out the piles, each pile acts 
independent of the adjacent piles and thus the full capacity of 
the each pile is realized. 
 

 
S&ME developed a capacity versus 
depth chart as shown here assuming 
adequate pile spacing for several pile 
types.  This chart provides the flexibility 
to assess pile configurations, types, and 
loading conditions and help quickly 
determine the most economical 
foundation type for design.  Using the 
component loading for the two and 
three-pile bent scenarios, pile types 
were investigated.  Since the pile load 
range for the two bent types is between 
160 and 240 tons at unfactored, service 
load conditions, it is determined from 
the chart that the HP 12, HP 14, and 20-
inch pipe piles would not be 
appropriate pile sections due to the 
extensive length required to achieve 
axial capacity.  The 24-inch and 36-inch 
piles can be installed at these load 
capacities at a more reasonable depth.  
A two-pile bent would require 
approximately 105 feet of 36-inch pipe 
pile to achieve the 240 ton capacity, 
assuming the top elevation of the pile to 
be approximately elevation 25 feet.  For 
a three-pile arrangement using 24-inch 
diameter pipe piles at 160 tons, each 
pile would need to be approximately 
105 feet as well.   The final tip elevation 
of  the insta l led pi les  wi l l  be 
approximately at elevation -80 feet. 
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To develop the structural capacity for this loading condition and provide for a pipe section that can be 
reasonably transported, a minimum half-inch thick walled pipe section was determined to be required. 
Computing the weight of steel for both the arrangements, it is determined that both foundation systems would 
have approximately the same amount of material.  Based on this, it would be expected that economy would 
be achieved by installing the 36-inch pipe piles since fewer would be required for installation, thus reducing 
construction time frame. 
 
Prior to the start of construction, the capacity of the piles will be assessed using the common procedure of 
Dynamic Pile Testing.  The Pile Driving Analyzer TM (PDA) as described in ASTM D4945. It will be used for this work, 
which provides an economical and rapid method of installing a limited number of production piles while 
obtaining installation information for the remaining piles. This procedure provides for more accurate determining 
of pile lengths in the field based on actual installation behavior.  S&ME has recommended that at least three 
piles be installed and PDA tested at equal spacing along the length of the structure. The PDA testing will 
generally occur by restrike driving 5 days after installation to determine their capacity. An Engineering 
Technician working under the direction of the Geotechnical Engineer should monitor all pile driving to verify that 
the piles are encountering expected driving resistances and note any damage or other problems during 
installation. 
 
One critical component to the pile installation effort will be the mitigation, monitoring, assessment and 
controlling of noise, and vibrations caused by the pile installation equipment that may be harmful to adjacent 
structures, vessels, and humans.  Therefore, an assessment of the source, potential noise, and vibration receivers 
must be established. We will also establish a criteria for noise levels and ground velocity, acceleration and the 
displacement.  A plan will be developed that will incorporate the most practical and effective measures to 
mitigate noise and vibration from the pile driving activities at the Site. This plan includes the following elements: 
 

 Continually provide noise and vibration monitoring; 
 Develop effective reporting procedures and storing of monitoring data; 
 Use action levels to evaluate noise and vibration from operations and take action as prescribed; 
 Utilize acoustical insulation around the perimeter of the site, if required by the analysis; 
 Evaluate movable acoustic curtain to shield the pile driving hammer and pile from residences and hotel 

(requires access agreements for these properties); 
 Provide schedule of pile driving with restricted times. 
 

Criteria for noise and vibration will be developed 
specifically for the project.  However, general threshold 
levels and appropriate action items for exceedance have 
been reviewed and deemed appropriate base levels for 
the project.  These threshold levels will be reviewed with 
the contractor, and he will be responsible for developing a 
noise and vibration monitoring plan for the project.  
General requirements for this work may be as follows: 

Pile Installation  
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Noise 
Action levels have been established and are based upon the implementation of the noise abatement 
measures described in this plan including granting of access to the adjacent properties. The following three 
“action” noise threshold values will be used to assess the effectiveness of mitigation during pile driving at the 
site: 

 “warning” noise threshold value of 75 dBA; 
 “temporary halt” noise threshold value of 80 dBA; 
 “stop work” noise threshold value of 85 dBA; 
 If the “warning” noise action level is exceeded during active pile driving, then the cause will be 

investigated. Work itself would not necessarily be stopped. On-site engineers will verify the placement 
and integrity of the ‘moveable sound curtain’ and that it is optimized for noise mitigation. The placement 
would immediately be corrected; 

 If the “temporary halt” noise threshold value action level is exceeded then work will be temporarily 
halted, if necessary, while the apparent cause is investigated and corrections made. If the cause is 
related to placement of the curtain then this would be corrected and work would resume. If the cause is 
due to other reasons, such as equipment or operation factors, then these would be corrected, and work 
resumed. If this level is exceeded due to obstructions in the ground which cause refusal, the drive will 
continue until the pile reaches capacity. 

 If the “stop work” noise action level is exceeded, then a review into the cause will immediately be 
investigated. Work would stop and the effectiveness of the implemented mitigation measures would be 
reviewed and additional mitigation measures implemented.  If this level is exceeded because of 
obstructions in the ground which cause refusal, the drive will be stopped and the remaining installation 
scheduled as necessary with adjacent effected properties. 
 

Vibration 
The following two vibration “action level” threshold values will be used to assess the effectiveness of mitigation 
during pile driving at the site: 
 

 “warning” vibration threshold value of 0.2 inches per second peak particle velocity; 
 “stop work” vibration threshold value of 0.5 inches per second peak particle velocity; 
 If the vibration “warning” threshold level is exceeded, then the situation will be reviewed to identify the 

potential cause; 
 If the vibration “stop work” threshold is exceeded, damage to structures is possible and work will be 

stopped until the potential causes of such vibration have been reviewed and possible mitigation 
methods investigated. 

 
As previously noted, one significant advantage of this proposed temporary trestle system is that the installation 
and removal can be performed with minimal impact to the environment.  Furthermore, the use of pipe piles 
provides the contractor the ability to extract and recover the pile material, thus reducing cost to the project.  
Vibratory pile hammers often provide contractors the ability to perform this work.  These hammers contain a 
system of rotating weights powered by hydraulic motors to develop vertical harmonic vibrations transmitted into 
the pile. The pile driving equipment is lifted and positioned over the pile by means of a crane, and are physically 
fastened to the pile by clamping or bolting depending on the contractors equipment and procedures.  Typical 
equipment uses hydraulic fluid that is supplied to the driver by a pump powered by a diesel engine.  The 
connection of the pump and the vibratory hammer is generally through long hoses that enable the existing 
trestle platform to be used for the crane support and power to the equipment for the extraction process. 
Therefore,  no work equipment will need to be in the waterway for this effort.  Vibratory hammers offer other 
benefits including: 1) lower noise output thus mitigating noise pollution to the adjacent businesses, 
condominiums, and hotels; 2) higher frequency vibrations that will minimize potential impact to adjacent 
structures and facilities; and 3) the equipment is readily available to contractors. 
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Based on the proposed system presented and the associated work required to re-position the Clamagore for 
the hauling operation, total cost for this project is estimated to be $5,765,499. The trestle system is estimated to 
be approximately 1,250 feet in total length at an installation cost of about $877 per linear foot.  The crane tower 
system cost includes delivery of the system to the site, assembly, fifty (50) days of operational support, 
disassembly, and de-mobilization of the equipment.  The vessel support cost includes minimal aesthetic 
treatments.  No costs have been included for rehabilitation and restoration of the vessel after it has been set in 
its land berth. 

Trestle System with Crane Matting 
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SECTION 5.A. — 11x17 Drawings 
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Rendering Index 
 
Slide 1 – Existing Conditions of Project Area 

Slide 2 – Dredging Area 

Slide 3 – Existing Condition with Dredging area 

Slide 4 – U.S.S. Clamagore entering dredged channel 

Slide 5 - U.S.S. Clamagore turning in channel 

Slide 6 - U.S.S. Clamagore completing turn 

Slide 7 – Trestle Construction 

Slide 8 – Close Up of Trestle System 

Slide 9 – Trestle System with crane mating 

Slide 10 – Crane matting being removed and replaced with skidding track and crane towers being constructed 

in distant parking area along with concrete pedestals 

Slide 11 - Crane towers with strand jacks moving down trestle system ready for lifting 

Slide 12 - U.S.S. Clamagore entering trestle system channel ready for lifting 

Slide 13 - U.S.S. Clamagore being lifted by strand jacks 

Slide 14 - U.S.S. Clamagore moving along skidding system to concrete pedestals 

Slide 15 - U.S.S. Clamagore being lowered to concrete pedestals 

Slide 16 – Opposite angle of U.S.S. Clamagore being lowered to concrete pedestals 

Slide 17 – Faraway view of entire system 

Slide 18 – Final resting position of U.S.S Clamagore 
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Executive Summary 
 
Patriots Point Development Authority commissioned the team of Dennis Corporation and Volkert, Inc. to 
perform a feasibility study to move the U.S.S. Clamagore to a landside berth.  The team was to evaluate two 
alternatives of moving the submarine to a landside berth.  The rail alternative would be performed by Dennis 
Corporation and the cofferdam alternative would be performed by Volkert, Inc.  This report only addresses the 
cofferdam alternative.  
 
Scope of Work 
 
The cofferdam alternative was to include the following items of work: 
 

1. Review geotechnical report for soil stability to utilize cofferdam alternative. 

2. Determine submarine support surcharge loads. 

3. Preliminary design of support pedestal. 

4. Determine excavation depth for sheet pile. 

5. Run sheet pile analysis. 

6. Determine construction cost of sheet piles. 

7. Determine construction cost of landside excavation. 

8. Compile final report with construction cost estimate. 

 
The cofferdam alternative would be accomplished by: 

 dredging a channel to the uplands; 

 driving a sheet pile cofferdam in the existing parking lot south of the museum and ticket 

office; 

 excavating the soil within the cofferdam; 

 floating the submarine into the cofferdam; 

 sealing off the end of the cofferdam; 

 raise the submarine by using water and underwater backfill; 

 construct concrete pedestals and foundation underneath the submarine; 

 cutoff sheet pile cofferdam below ground level; 

 reconstruct parking lot around submarine; 

 provide stair access and utilities to submarine. 

Cofferdam Location 
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COFFERDAM ALTERNATIVE  

 
Feasibility Process and Assumptions 
 
The first assumption was the width and centerline of the dredging and how close to get to the existing U.S.S. 
Yorktown concrete access bridge.  Not knowing the pile tips, we decided to maintain the dredge centerline at 
75 feet away from the nearest edge of the bridge concrete pile cap.  Final design would require close scrutiny 
of existing bridge record drawings and geotechnical report to determine possible interference or potential 
bridge stability issues. 
 
The second design consideration was determining the dredge depth required to float the U.S.S. Clamagore into 
the cofferdam.  Minimizing the draft of the submarine is critical to the success of the project.  Removing the 
existing batteries could change the draft substantially.  In one of the discussions with Patriots Point personnel, we 
were told that the submarine floated at high tide.  This would place the minimum dredge depth at elevation -8 
feet NAVD 88 at high tide, or a total draft of 13 feet.  With the tides being semidiurnal this would give the moving 
process approximately 2 to 3 hours to move the submarine into the cofferdam.  This should be enough time with 
an organized process sequence.   
 
Once the submarine is in the cofferdam, the tide would recede and the submarine would sit on the bottom until 
the next high tide.  The soil at the bottom of the cofferdam would have to be shaped to mimic the bottom of 
the submarine for stability.  The open end of the cofferdam would then take several days to be closed by 
installing sheet pile, waterproofing, and adding structural reinforcement.  
 
The raising of the submarine to its final location may require as many as 30 to 40 steps.  The submarine will have 
to be raised a vertical height of approximately 28 feet.  Each step would require water and sand to be pumped 
into the cofferdam to raise the submarine.  To keep the sheet pile wall stabilized, temporary structural bracing 
frames would have to be installed and adjusted above and below the submarine during the course of raising 
the submarine.  There would be continuous monitoring of the sheet pile wall for movement and stability. 
 
During the course of moving the submarine to its final location, insurance may be considered for submarine 
damage caused by a construction incident.   
 
It is important to remember that after the submarine rests above ground, the task of sandblasting, repairing 
holes, and painting will need to begin.  The cost of these repairs is not included in this estimate.       

Construction of Concrete Pedestals 

Filling Cofferdam 

Final Location 

Cofferdam Method Used for U.S.S. Drum 
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The other method to successfully move the U.S.S. Clamagore to a landside berth is the construction of a  
Cofferdam System.  This has been determined feasible by members of the project team.  This method would 
involve dredging roughly the same area as the Crane Lift Method; however the dredging area for this method 
would require material to be removed all the way up to the bank of the parking lot.  This method would then 
require excavating over 40,000 CY of material from the wetland embankment and existing parking lot.  
Excavating would have to reach the desired depth of over 25 feet in order to achieve the desired draft to 
float the submarine into the cofferdam.  A three sheet steel pile system will be driven into the sides of the 
excavated area.  These steel sheet piles will then be water sealed and braced with structural steel frames.  
The submarine will be floated into the cofferdam and the cofferdam will be sealed with a closure sheet pile 
wall.  Temporary bracing will be required during the many steps in the construction, and careful monitoring of 
the wall deflections will be needed.  Water will be pumped into the cofferdam and then replaced with sand, 
raising the submarine.  This sequence will be repeated until the submarine reaches the desired height of 
roughly 28’.  Once it has reached the required elevation the steel sheet piles will be cut and removed so the 
concrete pedestals can be constructed under the submarine.  The design of this method will involve a 40 step 
construction sequence.    
 

Sheet pile walls are commonly used for numerous types 
of retaining walls on both large and small waterfront 
structures.  Applications can range from retention of 
soil on a small scale to large dock structures for ocean 
going ships.  Steel is the most commonly used 
construction material for sheet piling for numerous 
reasons.  Steel is resistant to stresses developed from 
driving and is relatively lightweight given the small 
cross-sectional area of the application.  If installed and 
extracted properly, the sheet piles can be reused 
numerous times.  Steel has a long service life above 
and below water with minimal protection and lengths 
of individual sheets can be increased by bolting or 
welding.  Steel sheet piling is available in numerous 
shapes and sizes. 
  
For this method application, “AZ” pile would be 
preferable. “Z” shaped piles are considered one of the 
most efficient piles available. “Z” piles have their 
interlocks located at the outer fibers of the wall, 
assuring the designer of their published section 
modulus.  Available styles of “Z” piles are “AZ” and 
“PZ”. The “PZ” piling is produced with a ball and socket 
interlock system.  The ball and socket is flexible upon 
setting, yet is extremely durable under driving 
conditions. For this application, we feel that a rigid 
application is warranted and therefore recommend 
the “AZ” pile.  The “AZ” pile joint has flat a-shaped 
connections that do not allow flexibility in the joint 
thereby further securing the joint.  The piles would be 
hot rolled into shape at a mill and shipped to the site 
for installation by an excavator mounted vibratory 
hammer.  This method is nearly twice as efficient as the 
conventional driving method.  Steel I-beams will be 
driven first to guide the driving of the walls and further 
support the sheet piling.  Cross bracing of the I-beams 
in several locations with horizontal beams will be used 
as a driving template.  The sheet piling would need to 

“AZ” Sheet Piling- Notice the joint is shaped like an “A” 

“PZ” Sheet Piling 
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be anchored as this wall would be considerably high.  Support braces will be welded to the walls to connect 
the tie rods.  The upper tie rod and brace may be welded by conventional welding methods and the lower tie 
rod will be welded by divers once the sheet piles are driven.   
 
Proper driving is essential to impervious walls.  There are several drive methods that are used today.  The pitch 
and drive method is commonly used in northern Europe and consists of driving each pile to the full depth 
before pitching the next sheet.  This can be damaging to the wall but can be successful provided the piles are 
well guided.  This is slightly faster than other methods.  Another method for successful pile driving is panel 
driving.  In panel driving, the first pair of sheets are pitched, aligned, and plumbed before they are driven.  The 
first pair is driven to an intermediate depth and then the remainder of the panel is pitched.  The last pair are 
aligned, plumbed, and then driven.  The remainder of the panel is driven working backwards toward the first 
pair.  When the second panel is pitched, the last pair of the first panel becomes the first pair of the second 
panel and the first panel is then driven to final depth.  This process continues until all panels are driven to final 
depth.  The method for driving the steel sheet piles will be determined by the selected contractor. 

 
This structure will need to be impervious to water so an 
interlock sealing system will be used to keep water out.  The 
steel sheets are completely impervious and the only possible 
route for breach is through the joints. A bituminous filler 
material is the simplest and most cost effective method for 
sealing the joints.  Bituminous filler is composed of a tar 
compound, asphalt, or a mixture of the two.  This filler is hot 
fed into the sheet pile interlocks either at the factory or on 
site.  Petrochemicals may have a negative impact on the 
durability of the bituminous filling system.  In application of 
the bituminous filler, care must be taken to make sure the 
joints are dry before the filler is installed.  For this particular 
application, this method will be rejected for that reason.  A 
water-swelling filler system may be used in lieu of the 
bituminous filler.  The water-swelling product expands in 
water and seals the joints between the sheet piles thereby 
creating an impervious structure.  This system is effective up 
to twenty five meters of water pressure and possesses 
excellent durability for fresh and sea water environments as 

The crane is used to install the supporting  
I-beams. 

“AZ” Pilings Welding v/s Filler. Welding options. 
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well as environments where mineral oils and fuels may be 
present.  The installation of a water-swelling system would be 
preferably in a workshop with a clean, dry environment.  Yet 
another alternative to these systems is welding of the panels 
after installation of the piles.  The weld provides a barrier that is 
as impervious as the steel itself; however, this system is more 
expensive than either of the aforementioned methods.  Double 
or triple sets of piles can be welded at a workshop for cost 
savings and ease of construction of the wall. The interlock that is 
threaded on the job, is welded on site after installation.  This 
joint can be filled with bituminous product prior to being 
installed to ensure proper welding of the joint and to prevent 
any contamination of the joint prior to the weld.  In this case the 
positioning of the bituminous sealer must be installed in a way 
as not to make contact with the weld. 
 
Upon completion of the installation of the sheet pile walls; the 
water will be removed, fill will be dumped and compacted for 
added support of the system.  Options for fill include but are not 
limited to sand, gravel, rip rap, and coquina. Concrete supports 
may be emplaced at the bottom level to help support the 
submarine during the lifting and pumping sequence.     
 
With this method comes some unique challenges. The 
environmental impacts will be greater making the permitting 
process more difficult.  A larger environmental mitigation site will 
be required for this method.  The existing storm drain line 
located on the outside perimeter of the parking lot will have to 
be moved increasing the cost.  Due to having to excavate all 
the existing material underneath the submarine, material will 
have to be brought in to be used as fill to establish a strong 
enough foundation to handle the weight of the resting 
submarine.  A concrete slab will then have to be poured 
underneath the entire submarine to be used as a suitable 
foundation for the concrete pedestals.  Unlike the crane-lift 
method where the concrete pedestals are going to be 
constructed using pipe piles driven into the existing material at 
the same time as the trestle system is constructed;  this method 
will require a large quantity of reinforced concrete to be used 
for constructing the supporting pedestals.  This method will also 
require a spoil site to be located on-site to collect all 
excavated material. 
 
 
 
 

A crane is used to direct long pilings. 

Excavator Mounted Vibratory Hammer (EMVH) 
emplacing support rods. 

Another example of an EMVH emplacing support rods. 
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“PZ” Sheet Piling Retaining Wall 

Close up of “PZ” Joint Shape 
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Tie Rods between the sheet piling walls A schematic example of a sheet pile wall 

Description of panel driving 
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Engineering / Development of Plans and Specifications  $175,000  
       

Permitting      $42,000  
       

Construction Management    $200,000  
       

Project Management     $75,000  

Dredging       
 Mobilization    $210,400  

 Dredging 22,500 Cubic Yards X $10.90 CY  $245,250  
 Total     $455,650  

Movement of Submarine     
 3 boat operation / 8 man crew   $7,500  

Trestle System Construction     
 Mobilization    $170,700  

 625 LF of trestle X 2 sides at $877 per LF  $1,096,250  
 Total     $1,266,950  

Crane Tower Construction and Skidding System   
 Insurance and Bonds Included     
 10% Contingency Already Included in each Line Item  
    
 Mobilization (78 heavy transport trucks)  $550,000  

 Project Management    $150,000  
 Skidding system emplacement   $80,000  
 Grading and System Calculation   $135,000  
 Foundation Checks    $60,000  
 On-Site Engineering    $75,000  
 Materials     $360,000  
 Labor for assembly of crane system   $450,000 
 Labor for disassembly of crane system  $350,000 
 Directs     $300,000 
 QC Management    $50,000 
 Skidding system disassembly   $60,000 
 De-mobilization     $300,000 
 Total     $2,290,000  

Crane Lift Operation Project Cost 
 
It is important to know that every price included in the construction cost estimate for the Crane Tower Lift 
Method are actual proposed costs form contractors that are local or close to the project site.  As a result our 
cost estimate is very accurate.  The Following Cost estimate includes: 
 
 Engineering Fees; 
 Mobilization Fees; 
 10% contingency added to crane tower operation and skidding system; 
 Marine Survey Work; 
 5% Contingency added to entire Project Cost. 
 
This estimate does not include environmental mitigation cost that may be required by governmental agencies.  
It does not include immediate repairs to the submarine that may be required prior to movement.  It also does 
not include any restoration cost that will be required following her landside berth.  We did not include the cost 
for any temporary dolphins or floatation devices because the need for such devices has not yet been 
determined. 
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Marine Surveyor   

   

 To Float submarine on her designed light displacement waterline for the 
future move of vessel into cofferdam 

$35,000 

   

 Determine extent of degradation of submarine underwater $19,000 

   

 Prepare Planning for and supervision of move of submarine into cofferdam $35,000 

   

 Total Marine Survey Work $89,000 

   

     5% Contingency added to  entire overall project cost $273,119 

   

TOTAL PROJECT COST  $5,765,499 

   

 Total Cost for Engineering +  Construction  +  Marine Survey $5,492,380 

Construction of Concrete Supports    
 (2) 36" Pipe Supports driven 70' for each pedestal to include reinforced concrete $190,000  

       

Access Platform and Railing     
 Stairs and Platform  LS  $22,400  

 Handrails on Submarine 275 LF X $40.00 $11,000  
 Total     $33,400  
       

Erosion Control       
 Floating Turbidity Barrier  480 SY X $31.00 $14,880  

 Hay Bales  200 ea X $10.00 $2,000  
 Silt Fence Type "A"  200 LF X $25.00 $5,000  
 6' Security Fence  400 LF X $40.00 $16,000  
 Total     $37,880  
       

TOTAL COST for ENGINEERING + CONSTRUCTION  $5,403,380  
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Project Management 
  LS Total 

Project Start Up   $100,000 
      

Insurance & Bonds 
  % Construction Cost Total 
Insurance & Bonds 4.00% $180,000 
      

General Conditions 
  LS Total 
Supervision, temporary utilities,  
consumables, etc. 

  $100,000 

      

Excavation & Backfill 
  CY Total 
Wetland Excavation 10,000 CY X $7.50 CY $75,000 
Dredge Excavation 20,000 CY X $11.00 CY $220,000 
Excavation Within Lock 10,000 CY X $10.00 CY $100,000 
Channel Backfill 10,000 CY X $10.00 CY $100,000 
Underwater Backfill in Lock 10,000 CY X $10.00 CY $100,000 
Haul & Place On-Site Material 10,000 CY X  $5.00 CY $50,000 
Excavation for Pedestals 1,100 CY X $8.50 CY $9,350 
Foundation Bedding Material 300 CY X $45.00 CY $13,500 
      

Removal 
  SY Total 
Removal of Asphalt Parking Lot 6,700 SY X $4.00 SY $26,800 
      

Storm Drain System 
  LS Total 
Inlets and Piping   $36,000 
      

Concrete 
  CY Total 
Unreinforced Concrete Mat 1137 CY X $150.00 CY $170,500 
Concrete Pedestals 1000 CY X $450.00 CY $450,000 
      

Alternative Cofferdam Method Project Cost 
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Structural Steel 
    Total 
Steel Sheet Piling 63540 sf X $15.50 sf $984,870 
Drive & Cut-Off Sheet Piling 63540 sf X $17.50 sf $1,111,950 

Structural Steel for Temporary 
Upper Strut Bracing 

61500 Ib X $2.00 Ib $123,000 

Structural Steel for Lower Strut 
Bracing 

125,000 Ib X $2.00 Ib $250,000 

14" Steel Pipe Piles 312 LF X $60.00 LF $18,720 
Waterproof Sheet Pile Interlocks 20,600 LF X $10.00 LF $216,000 
      

Spoil Site 
  LS Total 
Discharge Control and 
Maintenance 

  $40,000 

      

Moving U.S.S. Clamagore 
  LS Total 
Float Move and Rest  
U.S.S. Clamagore in Lock 

  $164,000 

      

Access Stairs and Platform 
  LS Total 
Stairs & Platform LS $22,400 
Handrails 60 LF X $40.00 LF $11,000 
      

Utility Construction 
  LS Total 
Supplying Water & Electricity   $35,000 
      

Floating Turbidity Barrier 
  SY Total 
Floating Turbidity Barrier 2500 SY X $31.00 SY $77,500 
      

Erosion Control 
    Total 
Hay Bales 200 ea X $10.00 ea $2,000 
Silt Fence, Type "A" 200 LF X $25.00 LF $5,000 
6' Security Chain Link Fence 400 LF X $40.00 LF $16,000 
      

Total Estimated Construction Cost 
      
Rough Magnitude of  
Construction Cost 

  $4.7 - 5.0M * 

      
   

* Above estimate does not include Engineering  
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COFFERDAM ALTERNATIVE  

 
ADDITIONAL COST 
 
Marine Surveyor         
 To float the submarine on her designed 
  light displacement waterline for the future 
  move of vessel into cofferdam.     $    35,000 
  
 Determine extent of degradation of  
 submarine underwater      $    19,000 
 
 Prepare planning for and supervision 
 of move of submarine into cofferdam    $    35,000 
 
Permitting         $    50,000 
 
Development of Plans and Specifications     $  252,000 
 
Construction Management       $  208,000 
 
15% Contingency        $  800,000 
 
 
ROUGH MAGNITUDE OF COMPLETE PROJECT COST    $6.3 – 6.6M * 
 
*   Does not include cost to prepare submarine for floatation and movement 
*   Does not include cost to prepare submarine hull for display 
 
 
This estimate does not include environmental mitigation cost that may be required by governmental agencies.  
It does not include immediate repairs to the submarine that may be required prior to movement.  It also does 
not include any restoration cost that will be required following her landside berth.  We did not include the cost 
for any temporary dolphins or floatation devices because the need for such devices has not yet been 
determined. 
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SECTION 9 — Environmental Feasibility Report

Introduction

The Patriots Point Naval and Maritime Facility is located at the mouth of the Cooper River in Mount Pleasant, SC.  
It contains the U.S.S. Yorktown (CV-10) aircraft carrier, the U.S.S. Laffey (DD-724) destroyer and the U.S.S. 
Clamagore (SS-343) submarine as well as the Medal of Honor Museum and Cold War Submarine Memorial. 

The U.S.S. Clamagore was built as a Balao-class 
submarine in 1945 by Electric Boat Co. in Groton, 
Connecticut and was added to the Patriots 
Point fleet in 1981.  The U.S.S. Clamagore is 
currently docked in the Cooper River end of 
Charleston Harbor in shallow open brackish 
water and rests on the mud river bottom during 
low tide.  The submarine was designated a 
National Historic Landmark in 1989 by the 
National Park Service.  Currently, the U.S.S. 
Clamagore is open to the public for self-guided 
tours but is in need of repair to prevent further 
damage to the vessel or create potential 
environmental hazards to its surrounding habitat 
in the Charleston Harbor.  Severe rusting is 
breaking down the hull of the submarine and 
without necessary maintenance, the submarine 
would not be preserved and kept structurally 
safe for future generations of the public to visit. 

The primary purpose of this document is to provide a preliminary assessment of proposed alternatives, to 
determine the potential environmental impacts, and to analyze the feasibility of restoring the submarine with 
respect to environmental concerns. 

Alternatives 

To restore and preserve this national landmark, a move to dry land has been determined to be the best course 
of action.  Once ashore, the submarine would undergo a thorough evaluation and repairs would be made to 
preserve this historic landmark for future generations.  Several alternatives have been evaluated to move the 
submarine as safely and efficiently as possible with the minimization of impacts to the environment. 

Crane Tower and Trestle System 
A crane tower and trestle system is one way that the U.S.S. Clamagore could be moved to dry land.  To move 
the approximately 2,000 ton vessel, dredging would need to take place to move the submarine to a marine 
trestle system parallel to the existing pedestrian bridge.  It is estimated that approximately 10,500 feet of pipeline 
would be used to pump approximately 22,500 cubic yards of dredged material across Charleston Harbor to 
Drum Island, a confined disposal facility. The marine trestle system would be built over both tidal marsh and 
open water.  The marine trestle system would be supported by steel pipe piles that are driven into the ground 
and would remain for the duration of the operation.  The pipe piles would be bolted to cross beams that would 
connect the two rows of supports and then each set of supports would be connected by parallel rails that 
would also be bolted to the support system.  The rails would also be steel I-beams all of which would be 
removed after the U.S.S. Clamagore has reached its final destination to create as little environmental impact as 
possible.  The pilings would be driven with an excavator mounted vibratory hammer that would be positioned 
on a barge or temporary trestle to drive the pilings in the water.  The excavator would also drive the pilings on 
the land portion of the operation to transition the submarine from the rail system to the upland area.  

U.S.S. Clamagore (SS-343) in her GUPPY II Configuration,  
Circa 1960 

Courtesy of:  Patriots Point 
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Depending on the soil type found, a water jet method could also be used on the land driven piles to help drive 
the pilings successfully.  The pilings would then be connected through a system of parallel steel rails that would 
support the submarine for the duration of the move.   

Cofferdam System 
A possible construction alternative is to build a cofferdam system and float the U.S.S. Clamagore to the 
designed height.  A trench would be dug in the place of the proposed track system and the submarine would 
be aligned in the trench.  A sheet piling wall would then be installed to encapsulate the submarine to act as a 
lock. The lock would be filled with water to raise the submarine to the elevation necessary to bring it to land.  
Water would then be drained, thereby lowering the U.S.S. Clamagore into position.  The environmental impact 
of this system would directly impact a larger area of marsh habitat and open estuarine waters.  The lock system 
would require dredging a larger area than the marine trestle system and would also require clearing additional 
salt marsh habitat near the shore bank.  To obtain a permit for this project, it must be demonstrated to the 
USACE that the “least environmentally damaging practicable alternative” has been selected. 

No-Build Alternative 
Leaving the submarine in place is not a viable alternative.  With the U.S.S. Clamagore being a National Historic 
Landmark, the vessel would eventually rust in-place beyond repair.  This alternative would not coincide with the 
goal of Patriots Point which is to preserve vessels for the foreseeable future as a maritime museum. 

Restoration

The area that has been proposed as the location for the submarine is within the parking lot directly east of the 
submarine's current location.  Upon reaching its destination, the U.S.S. Clamagore would rest upon several large 
reinforced concrete cradles.  These cradles would both support and stabilize the ship for the restoration and 
visitation that would ensue following the move.  The reinforced concrete cradles used to support the boat 
would range from approximately four feet by fifteen feet to five feet by thirty feet, varying for the width of the 
submarine.  There would also be a one inch neoprene pad in between the top of the concrete supports and 
the submarine to protect the hull of the U.S.S. Clamagore. 

The U.S.S. Clamagore would undergo a detailed structural hull survey to determine the extent of the damage.  
The hull and superstructure were restored in 2001, as they had deteriorated over the years from saltwater 
corrosion, marine growth and weather.  If further repairs are necessary prior to the move, they would be 
performed in the water before moving commences.  Following the move, repairs and restoration would 
continue.  The task of the repair plan would be to restore the structural and historical integrity of the U.S.S. 
Clamagore.  In areas where it is sufficient, the hull would be sandblasted and painted.  In areas where more 
extreme corrosion is present, panels would be cut away and new panels welded in their place.  A lead-based 
paint survey and assessment would need to be conducted before any work can commence on the U.S.S. 
Clamagore.  Proper precautions would be taken to protect the surrounding area from contamination for the 
paint removal.  A geo-fabric material to catch any potential lead paint particles would be installed to protect 
the surrounding environment.  The U.S.S. Clamagore would then be primed and painted to restore her beauty 
and ensure her long term health. 
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Cultural Resources 

The U.S.S. Clamagore is a treasured piece of US naval history and it 
is the objective of the Patriots Point Naval and Maritime Museum to 
preserve her for future generations.  The vessel represents the only 
surviving GUPPY type III submarine in the United States.  She 
characterizes the continued adaptation and use of war-built diesel 
submarine by the Navy for the first two decades after World War II. 

The submarine is a unique component of the Patriots Point Naval 
and Maritime Museum which also has two other ships on the 
National Register of Historic Places, the U.S.S. Yorktown (CV-10) and 
the U.S.S. Laffey (DD-724).  The U.S.S. Laffey was dry docked in fall 
2009 for an estimated $9 million in repairs which were completed in 
December 2009. 

Potential Cultural Impacts 
A review of the South Carolina Institute of Archaeology and 
Anthropology’s Arch Site did not yield any additional 
archaeological sites of significance within the vicinity of the 
project.  There may be historically significant properties in the 
project area that have not been surveyed.  To fully determine the 
status of cultural resources in the project area, a cultural resources 
study addressing both aboveground and archaeological resources 
will need to be undertaken which will be subject to the National 
Historic Preservation Act (NHPA) Section 106 review by the State 
Historic Preservation Officer (SHPO).  Concurrence would need to 
be obtained from SHPO to move the submarine and restore it. 

Natural Resources 

The U.S.S. Clamagore is currently docked in the Cooper River end of Charleston Harbor in shallow brackish water 
and rests on the mud river bottom.  To move the vessel, dredging must take place to move the approximately 
322-foot submarine to a marine trestle system or cofferdam. There is an approximate elevation difference of 21 
feet between the surface of the water and the location of the current parking area to where the vessel will be 
moved. 

Essential Fish Habitat (EFH) 
The South Atlantic Fishery Management Council (SAFMC) is tasked with conserving and managing fish stocks for 
a portion of the Atlantic coast.  Four habitat types that are designated as EFH by the SAFMC are present within 
the project study area:  estuarine waters, intertidal flats, oyster reef, and estuarine emergent wetlands. 

Estuarine water column 
An estuary is a semi-enclosed coastal body of water which has at least an intermittent connection with the 
open sea and within which sea water mixes with fresh water that has been derived from land drainage.  
Estuaries are constantly changing systems with respect to tidal action, fresh water flow, and temperature 
variations.  The water column is a key area for phytoplankton, which are important primary producers in the 
aquatic food web.  Many species utilize the water column for support and migration, taking advantage of 
nutrients moving through the column from the entire estuarine system. 

U.S.S. Clamagore underway (Date Unknown) 
Courtesy of:  Historical Naval Ships Association 

(www.hnsa.org) 
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Intertidal flat 
An intertidal area is subsystem of an estuarine system (Cowardin et al., 1979) where sediments from the estuarine 
and freshwater environment are deposited.  The flats are subject to the tides, remaining covered and 
uncovered on a daily basis.  These areas are important in coastal systems such as nursery, foraging, and refuge 
areas for a variety of species, their predators, and their prey (Peterson and Peterson, 1979).  The flats also 
contribute greatly to overall primary productivity (SAFMC, 1998).  Permanent dwellers filter out phytoplankton 
and detritus in these areas.  Unvegetated intertidal flats are present within the limits of the project. 

Estuarine Emergent Wetlands 
Within the project study area estuarine emergent wetlands, or salt marshes, are present between the intertidal 
flats and upland areas.  Estuarine marshes are important areas for many invertebrates as well as nursery grounds 
for other species.  The marshes within the project site are an exposed area, flooded by tides and dominated 
with emergent Spartina alterniflora vegetation in the lower reaches. 

Oyster Reefs 
Once valued primarily as a harvestable resource, oysters are now recognized as key elements of many 
estuarine ecosystems.  The eastern oyster, Crassostrea virginica, creates complex habitats utilized by fish, 
crustaceans, bivalves, and numerous other invertebrates and vertebrates.  During feeding, oysters can filter 
large quantities of water, improving water clarity and quality while transferring nutrients from the water column 
to the benthos.   

A South Carolina Department of Natural Resources (SCDNR) oyster reef is found just east of the existing 
submarine's location and is a concern within the limits of the project.  The South Carolina Oyster Restoration and 
Enhancement (SCORE) Program is a community-based habitat restoration and monitoring program allowing 
community volunteers to work with SCDNR scientists to restore and monitor oyster habitat along the SC coast.  

Managed Fishery Species
Red drum (Sciaenops ocellatus)
Red drum larvae are generally carried into estuaries on tides and currents (SAFMC, 1998).  Larvae and post 
larvae are found in tidal flats, shallow waters, and within emergent vegetation beds.  Young juveniles can be 
found in backwaters, tidal flats, bays, shallow waters, and other tidally influenced systems.  As temperatures 
drop in tidal creeks, these young fish may move to the edges of deeper channels and deep holes in the 
estuary.  Warmer water temperatures in the spring permit juveniles to feed in the tidal areas, continuing with 
maturation to the submarine adult stage.  Submarine adults can overwinter in the estuary (Wenner, C., 2004) 
and move to near shore or offshore areas after reaching the adult phase (SAFMC, 1998). 
White shrimp (Litopenaeus setiferus)
Recruitment of white shrimp into estuarine waters generally begins in April and May (SAFMC 1998).  The mud-silt 
submarinestrate and salinity distribution of the estuary provide a suitable feeding environment for juvenile 
shrimp, providing benthic worms, plant matter, and decaying animals (Wenner, E., 2004).  Juveniles forage and 
mature in tidally influenced nursery areas.  Beginning in August and running through December, white shrimp 
egress to more saline waters.  Some smaller adult individuals may remain in the estuary over the winter (SAFMC 
1998). 

Brown shrimp (Farfantepenaeus aztecus)
Year-round spawning of brown shrimp occurs offshore in deeper water habitat with the eggs hatching soon 
after release (Lassuy, 1983).  Postlarvae begin moving into estuarine areas around February, with the peak 
movement periods occurring through March and April (Wenner, E., 2004).   Postlarvae remain in the estuary, 
foraging and developing into juveniles.  Juveniles feed on detritus, algae, polychaetes, amphipods, nematodes, 
ostracods, chironomid larvae, and mysids (Lassuy, 1983).  The shelter of the vegetated salt marsh provides an 
optimal area for shrimp to safely forage (SAFMC, 1998).  Egress of adult brown shrimp to offshore areas generally 
takes place during May through August (Lassuy, 1983). 
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Other Fishes 
The waters and associated marshes of the Cooper River also serve as nursery and forage habitat for other 
species including black drum (Pogonia cromis), striped bass (Morone saxitalis), Atlantic menhaden (Brevoortia 
tyrannus), and blue crab (Callinectes sapidus) that serve as prey for other species (e.g., mackerels, snappers, 
and groupers) that are managed by the SAFMC, and for highly migratory species (e.g., billfishes and sharks) that 
are managed by the National Marine Fisheries Service.  Blue crab and many finfish prey upon penaied shrimp.  
Commercially important larval fishes move through the estuarine waters in mid-winter to feed on plankton 
(SAFMC, 1998). 

Threatened and Endangered Species 
Table 1 - Endangered Species listed for Charleston County 

Source:  US Fish & Wildlife Service:  Ecological Services Division 

A review of the SC Heritage Trust Program’s Rare, Threatened and Endangered Species Inventory revealed no 
federally listed species to be historically found within 1 mile of the project area.  However, potential suitable 
habitat exists within the project review area for the following species: 

West Indian Manatee (Trichechus manatus)
This large marine mammal lives in South Carolina estuaries, shallow open water or near warm water outfalls.  It is 
an herbivore feeding upon aquatic plants including water hyacinth and hydrilla.  Manatees tend to migrate to 
warmer waters during the winter and cannot survive in water colder than 46 degrees. 

Threats:  Overharvesting for meat, oil and leather; mortality due to collisions with boats and barges.  Decline is 
also related to coastal development and loss of suitable habitat, particularly destruction of seagrass beds. 

Bald Eagle (Haliaeetus leucocephalus)
This bird of prey is protected by the Bald and Golden Eagle Protection Act of 1940.  This act prohibits any form of 
possession or taking of both bald and golden eagles while also protecting them from disturbances that may 
agitate or bother an eagle to a degree that causes or is likely to cause  injury, decrease in its productivity or 

Common Name Scientific Name Federal Status State Status 
Manatee Trichechus manatus Endangered Endangered 

Bald Eagle Haliaeetus leucocephalus Bald & Golden Eagle Protection Act 
(BGEPA) BGEPA

Wood Stork Mycteria Americana Endangered Endangered 

Red-cockaded woodpecker Picoides borealis Endangered Endangered 

Piping Plover Charadrius melodus Threatened Threatened 

Kemp’s Ridley Sea Turtle Lepidochelys kempii Endangered Endangered 

Leatherback Sea Turtle Dermochelys coriacea Endangered Endangered 

Loggerhead Sea Turtle Caretta caretta Threatened Threatened 

Green Sea Turtle Chelonia mydas Threatened Threatened 

Flatwoods Salamander Ambystoma cingulatum Threatened Endangered 

Shortnose Sturgeon Acipenser brevirostrum Endangered Endangered 

Sea-beach Amaranth Amaranthus pumilus Threatened Threatened 

Canby’s Dropwort Oxypolis canbyi Endangered Endangered 

Pondberry Lindera melissifolia Endangered Endangered 

American Chaffseed Schwalbea Americana Endangered Endangered 
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substantially interfere with normal breeding, feeding or sheltering behavior.  Bald Eagles tend to live along 
coastlines, rivers, large lakes or streams which provide adequate feeding grounds.  This bird typically nests in SC 
between October and late May and returns year after year to the same nesting site once they have 
successfully established a nest. 

Threats:  Human activities that can cause eagles to abandon their nest or to not properly incubate eggs or care 
for young. 

Wood Stork (Mycteria Americana)
These large, long-legged wading birds primarily feed on small fish in fresh and brackish wetlands and nest in 
cypress or other wooded swamps.  Suitable feeding habitat is present for this species within the project area 
however there is no suitable nesting habitat near Patriots Point. 

Threats:  Decline mostly due to loss of suitable feeding habitat; other factors include loss of nesting habitat, 
prolonged drought/flooding, raccoon predation of nests and human disturbance of rookeries. 

Kemp’s Ridley Sea Turtle (Lepidochelys kempii)
This sea turtle spends the majority of its time in the near shore and inshore waters of the Gulf of Mexico but may 
be found in bays along the Atlantic as far north as Massachusetts.  The Kemp’s Ridley sea turtle’s diet consists of 
mostly crabs but also shrimp, snails, clams, jellyfish, sea stars and fish. 

Threats:  Overharvesting of eggs and adults for food and skins, often drown when caught in commercial shrimp 
nets.  Also mortality due to boat propellers and refuse. 

Leatherback Sea Turtle (Dermochelys coriacea)
The largest of all sea turtles, the Leatherback rarely nests in SC and is found worldwide in tropical and temperate 
waters of the Atlantic Ocean.  Its visits often coincide with an abundance of cannonball jellyfish.  It is the most 
pelagic of the sea turtles found in SC. 

Threats:  Loss or degradation of nesting habitat due to coastal development and beach armoring; incidental 
take from channel dredging and commercial trawling. 

Loggerhead Sea Turtle (Caretta caretta)
The Loggerhead may be found hundreds of miles from shore as well as inshore areas such as bays, lagoons, salt 
marshes, creeks, ship channels and the mouths of large rivers.  Coral reefs, rocky places and ship wrecks are 
often used as feeding areas.  Loggerheads tend to nest on ocean beaches and occasionally on estuarine 
shorelines with suitable sand. 

Threats:  Natural predation; loss or degradation of nesting habitat due to coastal development and beach 
armoring; disorientation of hatchlings by beachfront lighting; and incidental take from channel dredging and 
commercial trawling. 

Green Sea Turtle (Chelonia mydas)
Green sea turtles are usually found in fairly shallow waters (except when migrating) inside reefs, bays, and inlets.  
They are attracted to lagoons and shoals with an abundance of marine grass and algae.  This species rarely 
nests in SC. 
Threats:  Exploitation for food, high predation, drowning when trapped in fishing and shrimping nets.  
Degradation of foraging habitat; marine pollution and debris; watercraft strikes; and incidental take from 
channel dredging and commercial fishing operations. 
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Shortnose Sturgeon (Acipenser brevirostrum)
This anadramous fish occurs along most of the eastern seaboard and is found in most major rivers and estuaries.  
They tend to stay relatively close to shore and feed on mollusks and large crustaceans.  Juveniles are believed 
to feed on benthic insects and crustaceans. 

Threats:  Construction of dams and pollution of many large river systems during the period of industrial growth in 
the late 1800s and early 1900s may have resulted in substantial loss of suitable habitat.  Habitat alterations from 
discharges, dredging or disposal of material into rivers or related development activities involving estuarine/
riverine mudflats and marshes remain as constant threats to the shortnose sturgeon population. 

Potential Natural Resources Impacts 
The proposed work requires the installation of temporary structures in the estuarine water column, intertidal flats, 
oyster reef, and salt marshes.  This may cause temporary direct impacts during construction and temporary 
indirect impacts such as turbidity increases, shading, and increased noise. 

Proposed dredging will cause a temporary increase in turbidity levels of the adjacent water column, but 
ambient conditions should resume once the work is completed.  This temporary increase in turbidity will not 
contravene water quality standards nor change designated uses of this section of the Cooper River since tidally 
influenced water bodies, such as this, exhibit naturally high turbidity levels.  Mobile brown and white shrimp and 
red drum should be able to avoid injury from the placement of these structures by temporarily relocating to 
another area.  Incidental takes may occur, especially for eggs and early larval stages, but these instances 
should be few and would not contribute to a substantial reduction in any species populations.  Mortality to 
these and other prey items of the managed fishes may occur, but should be minor. 

Open Water 
To move the U.S.S. Clamagore safely into position onto the Marine 
Trestle System or Cofferdam System, dredging of the river bottom will 
be required to create a path for the submarine.  Dredging may be 
required for the areas of river bottom where tugboats will be used to 
move the vessel into place.  It is estimated that approximately 22,500 
cubic yards of river bottom will be excavated.  The dredge spoils will 
be pumped under the Charleston Harbor to the confined disposal 
facility on Drum Island.  South Carolina Department of Health and 
Environmental Control (SCDHEC) Erosion Control measures will be 
implemented and utilized at the spoils off-load site, as well as the 
around the spoils site.  Following removal of sediments, the submarine 
would be removed from the water.  In-water, structures can provide a 
suitable submarinestrate for invertebrate communities and provide 
viable forage sites for aquatic species.  The removal of the submarine 
should not cause a significant loss of in-water habitat. 

Estuarine Emergent Wetlands 
A proposed Marine Trestle System or Cofferdam System will be 
situated from the open water of the Cooper River, across a tidal 
marsh where the submarine will be placed.  The area currently serves 
as part of the parking area for the Patriots Point Maritime Museum.  To 
construct the Marine Trestle System or Cofferdam System, temporary 
impacts to critical areas will occur.  The installation of temporary piles 
and a work trestle along with the use of steel sheet piles will constitute 
minor impacts and mitigation would likely not be required for this 
action. Once the U.S.S. Clamagore has been relocated, the marine trestle system and associated piles would 
be removed. The steel sheet piles included with the Cofferdam Method will more than likely be cut and remain 
in place.  Benthic recolonization and salt marsh revegetation should occur upon project completion. 

View of the potential open water and tidal 
marsh impact site from aboard the U.S.S. 

Yorktown. 
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Oyster Reefs 
Dredging areas around the submarine could have an 
impact on the oyster beds nearby managed by the 
SCDNR.  The agency’s SCORE program built an oyster 
reef in June 2004 which was later expanded in 2005 and 
2006.  The oyster reef is situated between the marsh and 
east of the U.S.S. Clamagore.  It is likely that parts of the 
oyster reef will be impacted by the proposed dredging 
and may need to be relocated.  Temporary siltation will 
occur and could likely have a short-term effect on 
recruitment of new larvae to the remaining reef. 

Environmental Permits and Agency Coordination 

SCDHEC-OCRM Critical Area Permit 
The Federal Coastal Zone Management Act of 1972 requires that activities in the coastal zone comply with 
approved state coastal management guidelines.   The South Carolina Coastal Zone Management Act (1977, as 
amended 1993 by Act 181) gives authority to SCDHEC- Ocean and Coastal Resource Management (OCRM) to 
promote the economic and social welfare of the citizens of this South Carolina while protecting the sensitive 
and fragile areas in the coastal counties and promoting sound development of coastal resources.  A permit 
would be required from SCDHEC-OCRM for activities within the critical area and the coastal zone.  SCDHEC-
OCRM classifies commercial dredging as a major activity.  Permitted projects within critical areas usually require 
mitigation to offset impacts to tidal lands.  The SCDHEC-OCRM office reviews all critical area permits to ensure 
that avoidance and minimization requirements are met.  Project staff will work with the OCRM office to ensure 
that impacts to these critical areas are kept to a minimum. 

SCDHEC – Bureau of Water - Section 401 Water Quality Certification 
SCDHEC administers the Water Quality Certification program pursuant to Section 401 of the Clean Water Act 
(CWA).  Section 401 requires that the State issue certification for any activity, which requires a Federal Section 
404 permit and may result in a discharge to State waters.  This certification must state that applicable effluent 
limits and water quality standards will not be violated.  Regulation 61-101 Water Quality Certification (WQC) 
outlines the procedures and policies for implementing the State water quality certifications.  During review of 
applications for WQC, the SCDHEC looks at whether or not there are feasible alternatives to the activity, if the 
activity will adversely affect existing or designated uses.  The Federal Section 404 permit cannot be issued if 
certification is denied.  Project staff will work with SCDHEC 401 Water Quality certification staff to ensure that 
standards are not violated during construction of the project and a 401 permit has been obtained prior to the 
commencement of any work. 

SCDHEC National Pollutant Discharge Elimination System (NPDES) Permit 
Construction activities should not permanently remove or impair any existing uses of the Charleston Harbor.  
During construction activities, there is the potential for erosion on exposed areas and temporary siltation 
occurring in the harbor unless adequately addressed.  The contractor will be required to minimize this potential 
impact through implementation of construction best BMPs in compliance with the NPDES Construction General 
Permit (SCR100000) and reflecting policies contained in 23 CFR 650 B.  Specifications would be incorporated 
that would address seeding and erosion control measures.  The potential erosion and sediment impacts would 
be limited in scope and duration and would be mitigated with the implementation and maintenance of the 
referenced BMPs. 

A section of the oyster reef at Patriots Point. 
(Photo Taken December 2009) 
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USACE Section 404 Permit 
Coordination with the USACE will ensure that all necessary permits are approved prior to any construction 
activities in the waters of the US.  A pre-construction meeting should be held between project staff and the 
district engineer to ensure that avoidance and minimization measures will be followed to reduce environmental 
impacts to tidal marsh and open water. 

The Federal Clean Water Act (CWA) is the basis of law regulating wetlands and other waters, known as “waters 
of the United States”.  Section 404 of the CWA regulates the discharge of dredge or fill material into waters of 
the US.  The USACE holds the primary federal authority for regulation of discharges into waters and wetlands.  A 
Nationwide Permit is required when the proposed action would have only minimal individual and cumulative 
environmental impacts.  Effective March 19, 2007 there are 49 active Nationwide Permits.  Nationwide Permit 22 
is proposed for this project because it pertains to the removal of vessels.  Mitigation requirements will be 
coordinated with the USACE and SCDHEC. 

Section 404 of the CWA of 1972, administered and enforced by the USACE, requires individuals and 
organizations to obtain a permit from the USACE for projects that would result in the discharge of temporary or 
permanent fill into jurisdictional waters of the US.  The permit process requires the analysis of alternatives that 
avoid and minimize stream and wetland encroachments.  Through this analysis, it must be demonstrated that 
there are no practicable alternatives to the proposed action that would result in fewer adverse impacts on the 
aquatic ecosystem.  In addition, the CWA states that no discharge shall be permitted unless measures have 
been taken to minimize potential adverse impacts.  The appropriate permit will depend on final impact 
quantities and coordination with the USACE.  These activities could be covered under  Nationwide Permit (NWP) 
22 which is required when temporary structures or minor discharges of dredged or fill material are required for 
the removal of wrecked, abandoned, or disabled vessels, or the removal of man-made obstructions to 
navigation.  While NWP 22 does not have any set limits on dredge material, fill or tidal impacts, the district 
engineer may authorize activities under this NWP only after it is determined that the impacts to the critical 
resource waters will be no more than minimal. 

A pre-construction notification must be submitted to the district engineer prior to the activity if:  (1) The vessel is 
listed or eligible for listing on the National Register of Historic Places; or (2) the activity is conducted on a special 
aquatic site, including coral reefs and wetlands.  If condition 1 is triggered, the permittee cannot commence 
the activity until informed by the district engineer that compliance with Section 106 of the NHPA has been 
satisfied. 

USACE Section 10 Construction in Federal Navigable Waters Permit 
Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 401 et seq) requires approval of the USACE prior to 
the accomplishment of any work in or over navigable waters of the U.S., or which affects the course, location, 
condition, or capacity of such waters.  The waters of the Cooper River are considered Section 10 waters, and 
therefore a Construction in Federal Navigable Waters permit will be required.  Coordination with the USACE by 
project staff will ensure the issuance of a Section 10 permit prior to project commencement. 

State Historic Preservation Office (SHPO) 
Section 106 of the National Historic Preservation Act (NHPA) of 1966 (as amended) requires federal agencies to 
consider the effects of their actions on historic properties such as buildings, structures, districts, and objects.  In 
accordance with 36 CFR 800.4, archival research and coordination with SHPO will be performed to identify and 
help predict the locations of significant cultural resources in the vicinity of the proposed action.  The U.S.S. 
Clamagore itself is a significant part of US Naval history and all actions to restore her to her original state will 
require the approval of the SHPO. 
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SCDNR
The South Carolina Nongame and Endangered Species 
Conservation Act (NESCA) under South Carolina Code Title 50, 
Chapter 15 provides state protection of species whose 
prospect of survival or recruitment within the state are in 
jeopardy.  The Wildlife and Marine Resources Divisions within the 
South Carolina Department of Natural Resources (SCDNR) 
administers provisions of the NESCA.  Under the NESCA, the 
taking, possessing, transporting, exporting, processing, selling, 
offering for sale, or shipping of nongame wildlife deemed to be 
in need of management is prohibited. 

Coordination with SCDNR SCORE staff will take place to ensure 
that oyster bed impacts are kept to a minimum.  It is possible 
that some oyster beds would need to be relocated because 
they are in the area that dredging must be done to move the 
submarine into position before its travel up the proposed 
marine trestle system and into its final position. 

US Fish and Wildlife Service (USFWS) 
Pursuant to Section 7 of the federal Endangered Species Act (ESA) of 1973 (16 USC, Section 1531, et seq., see 
also 50 CFR part 402), a field survey of the project study area will be conducted.  The USFWS and the National 
Oceanic and Atmospheric Administration (NOAA) share responsibility for administration of the Endangered 
Species Act.  The amended Act provides for the conservation of threatened and endangered species and the 
habitat upon which they depend.  Section 7 of the Act requires federal agencies to consult with the USFWS and 
NOAA to ensure that activities are not likely to jeopardize the continued existence of listed species or adversely 
impact their critical habitat.  Project staff would coordinate with USFWS and NOAA staff once field surveys are 
complete. 

National Oceanic and Atmospheric Administration (NOAA) 
In conformance with the Magnuson-Stevens Fishery Conservation and Management Act of 1976 (as amended 
1996) NOAA-NMFS manages fisheries and EFH.  Within the project study area, EFH is present in estuarine 
emergent salt marsh, intertidal, oyster reef, and open water estuarine areas.  Managed species include red 
drum (Sciaenops ocellatus), white shrimp (Litopenaeus setiferus), and brown shrimp (Farfantepenaeus aztecus).
During review of impacts, NOAA-NMFS may issue conservation recommendations for fish protection.  Conditions 
may include implementation of BMPs to minimize impacts or seasonal restrictions, such as working during the 
winter months to avoid the spawning season for managed species. 

Several threatened and endangered marine species are covered by the ESA but are under the purview of the 
NOAA.  Coordination and communication with the NOAA will be performed by project  staff to maintain 
compliance with Section 7 of the ESA as well as the Magnuson-Stevens Fishery Conservation and Management 
Act. 

SCORE volunteers take measurements along the 
reefs at Patriots Point during the summer of 

2004. 
Courtesy of:  SCDNR 



����

SECTION 9 — Environmental Feasibility Report

Mitigation

In order to move the U.S.S. Clamagore, dredging of the riverbed around the vessel will be necessary to move 
the submarine into position to be moved ashore using the Marine Trestle System or Cofferdam System.  It is 
estimated that approximately 1.87 acres of open water will be dredged removing approximately 22,500 cubic 
yards of mud bottom from the Cooper River/Charleston Harbor. 

It is estimated that approximately 7.8 credits would be needed for an estimated .71 acres of tidal marsh that 
would be dredged in addition to open water around the submarine.  Currently, there are no public tidal 
mitigation banks in SC available for the purchase of credits to offset impacts resulting from this action.  It is 
estimated that tidal marsh credits would cost approximately $30,000 per credit which would make the cost of 
mitigation approximately $234,000.  With no banks available, mitigation would be provided on-site and in-kind 
where possible.  Costs may vary significantly and can be much less than $234,000.  Project staff will work with the 
USACE and SCDHEC – OCRM to determine an appropriate mitigation site to offset impacts to the tidal marsh. 

Future Data Collection 

Threatened/Endangered Species and EFH Surveys 
Pursuant to Section 7 of the ESA, environmental staff will conduct a field survey to identify and/or determine the 
likely existence of protected species or suitable habitat for protected species within the project area.  Refer to 
Table 1 for a current list of threatened and endangered species found in Charleston County obtained from the 
USFWS.  All findings will be reported to the USFWS and NOAA for concurrence. 

Additionally, surveys of EFH would also be conducted pursuant to the Magnuson-Stevens Fishery Conservation 
and Management Act of 1976 (as amended 1996).  Findings would be reported to NOAA for concurrence. 

Wetlands Delineation 
A delineation of all critical area and wetlands will be performed according to the methodology outlined in the 
1987 Corps of Engineers Wetland Delineation Manual.  National wetland inventory maps, soil maps, and aerial 
photography will be reviewed in conjunction with field work.  Once all field work is complete, a wetland 
delineation and jurisdictional determination will be submitted to the USACE for approval.  This delineation is 
required before the issuance of any USACE permits. 

Sediment Analysis 
A sediment analysis of the area to be dredged will be required before any dredging can take place.  This 
analysis includes: 

�� Field activities associated with collection of soil data including borings and sampling;
�� Laboratory analysis of sediment samples;
�� Grain Size Sieve Analysis;
�� Summary of analytical data.

Once complete, a report will be given to the USACE project manager for review.   

Cultural Resources Survey 
An underwater and terrestrial archaeological survey will be conducted as required for compliance with Section 
106 of the NHPA of 1966.  Archival research and coordination with the SHPO will be performed to identify and 
help predict the locations of significant cultural resources in the vicinity of the proposed action.  Archaeological 
and architectural surveys to be performed will provide the necessary management data to allow for the sites 
and properties to be evaluated for recommendations of eligibility to the NRHP. 
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The SHPO will enlist the review of all plans by the Maritime Research Division (MRD) of the South Carolina Institute 
of Archaeology and Anthropology (SCIAA).  The MRD reviews all major projects that have the potential to 
impact intertidal and submerged cultural resources along and in state waters.  Projects that are likely to disturb 
both known and unknown archaeological underwater sites may require a cultural resource survey prior to 
construction.  The majority of projects, however, require that a statement be attached to the permit requiring 
the applicant to contact the MRD and the SHPO if archeological materials are encountered during construction 
or disturbance. 

Conclusion and Cost Summary 

The relocation and restoration of the U.S.S. Clamagore is a top priority for the Patriots Point Naval and Maritime 
Museum in Mount Pleasant, SC.  It is in the best interest of the museum that the submarine be moved to dry land 
so that the public can continue to enjoy the beauty and historical significance of this unique World War II era 
submarine while witnessing her hull restoration.  Environmental impacts will be a major concern of all parties 
involved and all measures will be taken to avoid and minimize the effects of this project on the surrounding 
environment.  The issuance of environmental permits requires that the Least Environmentally Damaging 
Practicable Alternative is selected.  Based on the summary of preliminary impacts, both the Marine Trestle 
System and the Cofferdam Lock System would require dredging.  The Marine Trestle System would further create 
temporary indirect impacts, such as shading, with the installation of the work trestle and rail.  The Cofferdam 
Lock System alternative would require the removal and excavation of additional salt marsh habitat, or critical 
areas.  Therefore, the marine trestle system would be the environmentally preferred alternative based on the 
feasibility analysis.  Impacting wetlands and waters of  the US requires mitigation through approved banks or 
other feasible methods.  With no approved banks available in South Carolina for salt marsh impacts, alternative 
mitigation would need to be agreed upon with the permitting agencies.  These costs would likely range from 
$70,000 to $200,000.  The following is a summary of environmental permitting costs expected for future 
development of the project: 

�� Preparation and submittal of Environmental Permit Applications; 

�� Agency Coordination; 

�� Mitigation Identification of Onsite or Offsite Locations; 

�� Threatened and Endangered Species Survey; 

�� Cultural Resource Study; 

�� Sediment Analysis. 

Total Additional Environmental Permitting Services: $42,000 
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Findings and recommendation 

The relocation and restoration of the U.S.S. Clamagore is very important to the Patriots Point Naval and Maritime 
Museum and Dennis Corporation.  In order to secure her future and allow the public to continue enjoying her 
history, a move to dry land should be completed in the near future. 

From our report, it is clear that these two methods are feasible to relocate the submarine; however, Dennis 
Corporation recommends the Crane Lift Method as the preferred method.  The Crane Lift Method provides the 
best opportunity for Patriots Point should a landside berth operation ever be executed.  From all information 
herein, it is clear this method is the best course of action based on feasibility, liability, cost, construction 
schedule, environmental impacts, permitting, and impacts to Patriots Point.  

In addition to being the preferred method in all the categories stated above, we feel the over-all method 
stands to be a high profile attraction for visitors to Patriots Point.  During construction and specifically during the 
moving process local residents of Charleston, as well as tourists, will have an opportunity to see first hand possibly 
the largest lifted object in the State of South Carolina.  Patriots Points will stand to have a spike in revenue 
generation during this period to assist in financing the project.  It is very important to consider that once this 
marine vessel is relocated to land, restoration of her hull would need to commence immediately.  Restoring this 
vessel would be extremely cost effective if completed on the grounds and time schedule of Patriots Point.  
Having to dry-dock this vessel for repairs could be roughly four-times the cost than repairing her in the proposed 
future location.  If included into operations involving the U.S.S. Laffey some of the construction cost could be 
reduced such as dredging.  Additionally permitting would be easier and cost effective, if completed in 
conjunction with permits required for the U.S.S. Laffey.  Once fully restored this vessel would compete with the 
U.S.S. Yorktown as the show casing piece of the Patriots Point Naval and Maritime Museum.  As a result, visitors 
would have easier access to this historic vessel increasing revenues for Patriots Point through ticket sales. 
Another unique opportunity this method could provide is to advertise it as a Design-Build project with the 
cofferdam method being a possible alternative bidding item.    

Design – Build is a contractor procurement and project delivery method that combines both the design and 
construction phase into one contract, thus allowing these phases to proceed concurrently, while saving both 
time and resources.  Design – Build is a particularly effective tool for typically complex projects that call for 
innovation and speed of completion. It has been used in building construction for a number of years; however, 
it is a relatively new approach being used more and more in South Carolina.  Design - Build contracts typically 
are for larger amounts of money and companies must have the ability to bond that amount.  Selection is done 
by evaluating the contractor’s proposals and determining which gives the best value. Cost is a factor in the 
selection. Cost and the technical merits of their proposal are weighed together to make the best value 
selection. Details are provided to the contractor teams up front on how the areas of their proposal will be 
weighed in the selection process. The prime contractor will hire many subcontractors and will have established 
DBE goals to achieve. We anticipate the subcontractors will be predominantly local companies allowing bids to 
come in potentially lower than our own developed construction cost estimate based on the availability of 
materials and equipment.  Due to the current economic climate Design-Build bids have been coming in much 
lower for SCDOT contracts.  The Design - Build contractor will have to follow all AASHTO specifications and 
approved State specifications in accordance with the law.  Design - Build projects have a set budget and the 
contractor’s proposal can’t go over that amount. Design - Build is a lump sum contract. If the contractor is able 
to build the project for less than their bid, the contractor keeps the savings.  More than 10 states are using 
Design - Build as a delivery method for highway construction projects. The highest profile projects have been in 
Utah, Colorado and South Carolina.  

We hope you find this report beneficial to your planning process and that our findings will be included and 
incorporated into the future master plan for Patriots Point.  Do not hesitate to contact us if you require additional 
information.  Our project team is readily available to give an oral presentation to the Patriots Point Development 
Authority (PPDA).  It has been a honor to be part of this project and we hope to continue to serve Patriots Point 
in future developments. 



APPENDIX I — Volkert, Inc. Cofferdam Evaluation Report 













































































































 
APPENDIX II — Information from Joe Lombardi  
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Dates  of  survey:                      19 - 28  April  2008                             
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Purpose  of  survey:                   Structural  Survey 
________________________________________________________________________ 
DISCUSSION 
 
The  Code  of  Federal  Regulations  (CFR),  American  Boat  &  Yacht  Council  (ABYC),  International  
Marine  Organization  (IMO),  National  Fire  Protection  Association  (NFPA),  and the  Society  of  Naval  
Architects  and  Marine  Engineers  (SNAME)  are utilized in compiling this report; individual reference to 
subchapters of the above is not made within the body of this report.  Other  sources  include  the  'U.S.  
Navy  Towing  Manual',  Naval  Sea  Systems  Command,  'Manual  on  Ship  Construction’,  George  C.  
Manning: Van  Nostrand  Co.,  and  'Standards  For  Steel  Hulled  Vessels',  American  Bureau  of  
Shipping,  'Stability  and  Trim  for  the  Ship's  Officer'  by William  E.  George,  Cornell  Maritime  Press  
and  'Ship  Design  and  Construction'  by  the  Society  of  Naval  Architects  and  Marine  Engineers.  
______________________________________________________________________________________ 
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VESSEL  HISTORY 
 
Keel Laid down by Electric Boat Division of General Dynamics Corp., Groton, CT 16MAR44; 
Launched: 25FEB45 with Miss Mary Jane Jacobs sponsoring; 
Commissioned: 28JUN45 with Cdr Sam Colby Loomis, Jr., in command; 
Decommissioned: 12JUN75 and struck from the Navy List 27JUN75; 
Serving as Museum Ship at Patriot's Point, Charleston, South Carolina. 
 

 
 

World War II came to end while USS CLAMAGORE (SS-343) was on a training cruise off Panama. In 
January, 1946, CLAMAGORE became Flagship of Submarine Squadron FOUR based in Key West, 
Florida. CLAMAGORE carried the Squadron Flag until 1 August 1959. 
 

 
 

U.S.S.  CLAMAGORE  at  Key  West,  1946,  before  conversions. 
 

The U.S. Naval Shipyard, Philadelphia, Pennsylvania, was the site of CLAMAGORE's conversion to high 
speed GUPPY II (Greater Underwater Propulsion Power) submarine in the spring and summer of 1948. 
During this conversion, she received the snorkel installation. 
 
During 1949 Fleet Tactical Exercise, CLAMAGORE was accorded the honor of being selected Flagship for 
Vice Admiral Duncan, USN, Commander Task Fleet, and Rear Admiral Fife, USN, Commander 
Submarine Force, U.S. Atlantic Fleet. 
 
During 1955 CLAMAGORE made two trips to Guantanamo Bay, Cuba, rendering services to the Fleet 
Training Group for the periods 25 March to 25 April and 22 August to 16 September. Other ports visited  

Member  SAMS,  ABYC,  HNSA  &  SNAME 5



VESSEL  HISTORY  (cont.) 
 
during 1955 were Havana, Fort Lauderdale, and Pensacola, Florida. In November CLAMAGORE entered 
Charleston Naval Shipyard for installation of a new battery. 
 

 
 

U.S.S.  CLAMAGORE,  post  1948  conversion  to  snorkel  boat. 
 

Upon leaving the shipyard in February, 1956, CLAMAGORE returned to Key West for operations. She 
visited Tampa, Mayport, and Miami, and Havana and Guantanamo Bay, Cuba; prior to entering the 
Charleston Naval Shipyard in September, 1956, for a regular scheduled overhaul. 
 
The overhaul was completed in February, 1957, and CLAMAGORE went to New London Connecticut and 
Newport, Rhode Island prior to returning to Key West. A trip to Guantanamo Bay, Cuba preceded an 
extended cruise to Portsmouth, England, which was followed by liberty in Argentina, Newfoundland, on 
the return to Key West in December. 
 
In February, 1958, CLAMAGORE participated in ASWEX 1-58. From June to August, CLAMAGORE 
was in Charleston Naval Shipyard for a battery renewal. During the local operations from Key West, V 
visited Savannah, Mobile, Alabama; and Tampa and Fort Lauderdale, Florida. 
 
Local operations from Key West and a trip to Guantanamo Bay, Cuba were made from January to April, 
1959. In April, CLAMAGORE participated in Exercise LANTBEX 1-59 and returned to Key West in June. 
The arrival of CLAMAGORE at Charleston Naval Shipyard for an overhaul on 29 June coincided with the 
change in home port of Submarine Squadron FOUR to Charleston. Overhaul was completed in December. 
From April to July, 1960 CLAMAGORE served with the U.S. Sixth Fleet in the Mediterranean. 
 
During January and February, 1961, CLAMAGORE participated in operation Springboard in the 
Caribbean. From August to December, 1961, CLAMAGORE participated in Operation UNITAS II which 
was a-joint antisubmarine warfare training exercise with eight South American countries: Argentina, 
Brazil, Chile, Colombia, Ecuador, Peru, Venezuela and Uruguay. During this cruise CLAMAGORE 
steamed around the southern tip of the South American Continent. 
 
CLAMAGORE entered Charleston Naval Shipyard in May, 1962, for conversion to a GUPPY III type 
submarine. During this conversion, the ship was cut in half and a 15 foot, 55 ton section was added. The 
latest and most sophisticated electronics and fire control system were also installed. 
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VESSEL  HISTORY  (cont.) 
 
On 2 July 1962 the new hull section was christened by Miss Ann Beshany, 16-year-old daughter of Captain 
P.A. Beshany, then Commander Submarine Squadron FOUR. 
 
The conversion to a GUPPY III was completed in February, 1963. On 1 June 1963 CLAMAGORE 
changed homeports to New London, Connecticut at which time she was transferred from Submarine 
Squadron FOUR to Submarine Squadron TWO. During January and February of the following year, 
CLAMAGORE participated in Springboard, 1964, visiting San Juan in Puerto Rico and Saint Croix in the 
Virgin Islands. In late May she entered Portsmouth Naval Shipyard for battery renewal. Leaving the 
shipyard in July, CLAMAGORE visited Portsmouth, England in September, 1964. After an extended 
cruise, CLAMAGORE returned to New London in November, 1964. 
 

 
 

U.S.S.  CLAMAGORE  departing  New  London,  post  GUPPY  III  conversion. 
 

In early April, 1965, CLAMAGORE departed New London for a joint NATO operation south of Iceland 
with British, Dutch, American, and French submarines and aircraft. Upon completion of the very successful 
exercise, CLAMAGORE visited Londonderry in Northern Ireland in late May, 1965, for a wash-up 
conference. Following her return to New London in June; CLAMAGORE entered the Philadelphia Naval 
Shipyard on 23 July 1965. During this overhaul, CLAMAGORE received an extensive repair of its 
hydraulic system, the installation of the STEINKE Escape System, the modernization of its fire control 
system, and the overhaul of its main propulsion motors and generators. These and other repairs cost 
approximately $1,650,000. This shipyard overhaul was completed on 19 January 1966. 
 
In early 1966 the CLAMAGORE was devoted to Springboard deployments and various other operational 
tasks. In March of 1967 CLAMAGORE entered Portsmouth Naval Shipyard for main battery renewal. 
Upon leaving the shipyard she rejoined the fleet for a Mediterranean deployment. She returned to New 
London in late 1967 and in March 1968 left for extensive operations in the North Atlantic. Her efforts 
resulted in her eight Battle "E". 
 
After the 1968 overhaul in Philadelphia CLAMAGORE was engaged in type training, SSBN training 
cruises and local operations. In August, she headed south toward Bermuda where she participated in 
SUBASWEX 4-69. After more local operations out of New London, she returned to the Virgin Islands for a 
Weapons System Acceptance Trial. 
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VESSEL  HISTORY  (cont.) 
 
1970 began with another Springboard deployment followed by a battery renewal. Another Mediterranean 
deployment followed the shipyard period where she operated extensively with aircraft, surface craft, and 
submersibles from various allied navies. CLAMAGORE then operated up and down the coast from 
Halifax, Nova Scotia to the Virgin Islands during much of 1971. September of 1971 found her engaged in 
operations in the Norwegian Sea. She spent the remainder of the 1971 in New London in upkeep and 
preparation for her scheduled overhaul. The 1972 overhaul was accomplished in Philadelphia. This major 
effort was completed in June, one month short of schedule. 
 
The remainder of 1972 was devoted to a two-month deployment to the Caribbean encompassing refresher 
training, type training and a highly successful Weapons System Acceptance Trial. November 1972 saw the 
satisfactory completion of Successful Nuclear Weapons Acceptance Inspection. 
 
In 1973, a month of local operations preceded a restricted availability at Portsmouth for main battery 
renewal and a main engine replacement. During the availability, preparations were begun for the upcoming 
UNITAS XIV deployment. 
 

 
 

Clamagore (SS-343) against pier, Tiru (SS-416), Blenny (SS-324) &  
Albacore (AGSS-569), circa early 80's at the Philadelphia Navy Yard. 

 
CLAMAGORE decommissioned 12 June 1975 and was struck from the Navy List on 27 June 1975 and 
now serves as a Museum Ship at Patriot's Point, Charleston, South Carolina. 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES   
 
The  structure  of  a  modern  submarine  consists  of  a  watertight  envelope,  which  is  designed  to  resist  
the pre-determined  operational  hydrostatic  pressure.  The  principal  elements  are  stiffened  cylindrical  
sections, stiffened  conical  sections  and  the  noncircular  sections  of  the  stiffened  pressure  hull,  and  
closed   end  sections. Additionally,   there  is  a  secondary  structure,  which  does  not  with  stand  the  
submerged  sea  pressure,  called  the non- pressure  hull  or  outer  hull. 
 
The  primary  structural  components,  as  in  any  ship, are  the  hull  plating,  hull  stiffeners,  and  bulk 
heads.  In  the case  of  submarines,  however,  the  thickness  of  the  pressure  hull  plating  is  consider-
ably  greater  than  the  hull plating  for  a  surface  ship  since  it  is  designed  to  resist  the  hydrostatic    
loads of  depths above 400 feet. This  heavy  steel  shell,  approaching  7/8  inch  thick,  is  further  
strengthened  by  circular  ring  frames  positioned  externally  and/or internally  depending  on  location. 
These  hull  frames  are  of  either T  or  H  cross  section  and  are  either  rolled  or  welded-up  shapes. 
They  are  generally  spaces  at  0.1  to  0.2 diameters  apart.   
 
Further  wing  bulkheads  are  placed  to  form  tank  boundaries,  and  additional  stiffening  with  the 
shaped-end  closure  bulkheads complete  the  watertight  hull.   
 
To  further  delineate  the  study  of  submarine  structure,  we  must  first  consider  the  structure  in  
several  main  categories. 
 
PRESSURE HULL 
 
The  pressure  (strength)  hull  or  the  inner  hull,   as  it  is  commonly  referred  to,  must  be  compar-
atively  strong and  heavy  to  withstand  hydrostatic  pressures  of  deep  submergence  (test  depth  
pressure).  The principal  structure  associated  with  the  pressure  hull  include  the  transverse  bulkheads,  
which  subdivide  the submarine's  length  into  watertight  compartments,  and  circular  transverse  frames,  
both  inside  and  out,  which  strengthen  the  hull  and  prevent  collapsing  when  subject  to  test  depth  
pressures.  The  pressure  hull   must  form a  watertight  shell  completely  enclosing  the  operating  spaces  
of  the  ship.   
 
OUTER HULL 
 
The  outer  hull  forms  the  external  boundary  of  the  submarine  except  for  appendages  such  as  the  
superstructure,  conning  tower,  and fairwater  (sail).  The  principal  outer  hull  structure  includes  a  
system  of  frames  and  bulkheads  to  subdivide  the  enclosed  volume  into  tankage  compartments.  
Certain  portions  of  the  outer  hull,   however,  are  subject  to  test  depth  pressures.  These  tanks  (hard  
tanks)  have  heavily constructed  frames  and  bulkheads  which  are  almost  a  continuation  of  pressure  
hull  framing  rather  than  the lighter  structure  always  found  in  the  portion  of  the  outer  hull   forming  
external boundaries for tanks not subject to sea  pressure. The  outer  hull  structure  also  includes  the  
vertical  and  flat  plate  keels.    
 
APPENDAGES 
 
Appendages  are  structural  items,  control  surfaces,  piping,  and  other  gear  external  to  the  outer  hull. 
It  should be  noted  that  the  total  volume  displaced  by  a  submerged  ship  equals  the  volume  
displaced  by  the  outer  hull  plus  the  volume  of  the  appendages. 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
 
SUPERSTRUCTURE AND FAIRWATER 
 
The  superstructure  and  fairwater  are  constructed  of  lightweight  plating  and  fiberglass  panels  bolted  
to  the  steel  frames,  as  they  are  not  subjected  to  any  severe  stresses  and  are  not  an  integral  part  
of  the  vessel's  strength  members.  The  form  of  the  superstructure and  fairwater  provides  an  easy  
flow  of  water  around  blunt  projections,  thereby  de-creasing  submerged  resistance  to  forward  
motion.  It  is  important  to  note  that  the  void  space  en-closed  by  the  superstructure  and  fairwater  
has  nothing  to  do  with  the  ship's  submersible  properties  as  it  is  completely  vented  and  free  
flooding. 
 
TANKAGE 
 
Generally,  submarine  tankage  can  be  separated  into  two  main  classes:  high-pressure  tanks  and  non-
pressure  tanks.  High  pressure  tanks  are  heavily  constructed  tanks  built  to  withstand  test  depth  
pressures.  During  normal  submerged  operations,  these  tanks  are  completely  full  either  with  sea-
water,   fuel  oil,  or  a  combination of both. Non-pressure tanks  are  of  light  construction  and,  though  
exposed  to  the  sea,  are  not  subject  to  hydrostatic  pressures.  During  normal  submerged  operations,  
these  tanks  are  always  completely  full  either  with  seawater,  fuel  oil,  or  a  combination  of  both.  
Non-pressure  tanks  not  directly  connected  to  the  sea,  such  as  normal  fuel  oil  tanks,  are  equipped  
to  admit  seawater  and  maintain  pressure  equilibrium. 
 
Another  division  of  the  principal  tankage  is  by  groups  according  to  their  function.  The  
abbreviations  HP  and NP  in  the  following  list  refer  to  the  high  pressure  and  non-pressure  
classification: 
 
1. Diving  ballast,  NP,  (soft)  
     a.    Main  ballast  tanks 
     b.    Fuel  ballast  tanks - used  as  such  when  converted  to  be  a  part  of  the  main  ballast  system 
 
2. Variable  ballast,  HP,  (hard) 
     a.    Forward  trim  tank 
     b.    Auxiliary  tanks 
     c.    After  trim  tank 
     d.    Variable  fuel  oil  tanks 
 
Safety  and  negative  tanks  can  also  be  used  in  the  variable  ballast  system. 
 
3. Fuel  tanks 
     a.     Normal  fuel  tanks,  NP 
     b.     Fuel  ballast  tank,  NP - used  as  such  when  not  part  of  the  main  ballast  system 
     c.     Variable  fuel  oil  tanks,  HP 
     d.     Fuel  oil  collecting  and  expansion  tanks,  NP 
 
4.)  Special  purpose  tanks 
     a.      Bow  buoyancy  tanks,  NP 
     b.      Safety  tank,  HP 
     c.      Negative  tank,  HP 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
 
Test Depth and High Yield 
 
A definition of HY steel, (high yield) as well as the relation between test depth and crush depth  is  in  
order. It is difficult to discuss these concepts without also discussing hull strength. These explanations are 
sandwiched between narratives of harrowing dives that took American submarines far below their test 
depths. 
 
The following  provides some basic information on submarine hull strength including the definition of test 
depth and high yield: 
 
Test depth is a theoretical number corresponding to the amount of area pressure that can be applied to a hull 
before it is violated by either distortion, warping, buckling or cracking. The pressure hull acts to prevent an 
equalization of pressure on both sides of the hull surface. When pressure is equal on both sides of a hull, 
such as is the case in a submarine's external ballast tanks, there is no need to attend to the problem of 
potential collapse. 
 
Test depth can be thought of as an engineering estimate of what pressure will be required on one side of a 
hull to breach the hull, taking into account such factors of hull strength as hull diameter, hull thickness, 
framing, and intrusions. Naval engineers tend to be conservative in their estimates and the varied factors 
tend to render an estimate as just that, an estimate. The engineers back into the problem by first estimating 
the crush depth of a hull, then creating the theoretical test depth by a applying a decimal factor to the crush 
depth. Different national navies apply varying factors. The United States Navy has used a factor of 1.5, but 
this has changed many times. Of course, computers are able to make such estimates much more trust-
worthy, however, the accounts described "Steep Angles and Deep Dives" are, for the most part, in hulls 
designed before the advent of the computer. 
 
In the U.S. Navy, hull designers depend on the experience of submarines to verify their estimates. Buships 
requires a submarine captain to immediately notify both Buships and the Chief of Naval Operations in 
writing when a boat under his command exceeds test depth. The captain's professional career may be 
jeopardized by a zealous attention to recording a dive that went wrong. Only in wartime can a captain 
reasonably explain the need to exceed test depth. For this reason submarines exceeding test depth 
sometimes fail to make note of the dive in their deck logs. 
 
The simplest application of determining hull strength is the hull thickness. The thicker the hull metal the 
stronger the hull and the deeper the test depth, assuming all other factors are constant. Prior to the Balao 
class U.S. submarine, hulls were built of mild steel (MS) which had a maximum tensile strength of 60,000 
pounds per square inch and a yield strength of 45,000 psi with 23 percent elongation. The thickness of hull 
plating until about 1943 was specified in terms of the weight of a square foot of plate rather than the actual 
thickness, and this was gradually increased from 20 pound plate (approximately one half inch) to twenty 
seven and a half pounds per square inch in the Salmon (SS-182). 
 
Another change in the Balao class was the change in material used for hulls. High tensile steel was a 
chromium-vanadium alloy with a maximum tensile strength of 50,000 psi with 20 percent elongation. 
When the composition was changed to titanium-manganese alloy, because of wartime shortages, the 
strength dropped to 45,000 psi. The Salmon's hull was about seven eighths of an inch thick giving her a test 
depth of 250 feet. Conning tower shells were thicker as protection against surface guns. 
 
The thick-skinned boats came along in 1942 with a test depth of 412 feet. These boats had the same seven 
eighths inch thick hull as Salmon, but the quality of hull steel ie., high tensile strength steel had 
significantly improved. The crush depth of these boats was estimated to be around 450 feet. Fleet type 
submarines built during the Second World War were to last through much of the cold war. These boats 
have careers that have lasted over fifty years with several still being used by foreign navies. 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
 

 
 

Hull  sections  for  CLAMAGORE. 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
 
After the war the Navy built several fast attack submarines. These had hulls about an inch and a half thick. 
They had a test depth of 700 feet. The same hull thickness and quality of steel was used on the early 
nuclear submarines. 
 
A modern nuclear powered submarine normally has a test depth of over 2000 feet. This huge increase in 
operational depth came about from increasing the thickness of a hull, from strides in improving the quality 
of steel, from improvements in the manufacturing process and in hull framing. 
 
Steel is an alloy made up of several metals other than iron. These may include chromium, nickel, 
manganese, titanium and a host of others. Metallurgy is the science of combining these elements to produce 
an iron metal that meets a specific need, in this case a hull which is resistant to sea pressure. During the 
Second World War Krupp of Germany and others used advanced techniques to produce hull plating of 
unusually high quality. America inherited some of the formulae and steel mills benefited by the German 
experience. 
 
The key to producing metal hulls suitable to deep diving submarines is the quality of yield strength in 
combination with compression strength. Accurately controlled element content and relatively high 
percentages of alloy additives produces strength. The compression strength curve is relatively flat until it 
reaches a point where the molecules can no longer bind, then the metal fails by cracking and splitting. On 
the other hand it is possible to produce a metal hull that has the quality of bending rather than rupturing. It 
yields under pressure where its elasticity, (elongation) gradually succumbs to increasing pressure. The trick 
for the metallurgist is to strike a compromise and to use the correct ratio of alloy elements to gain a hull 
plate that resists pressure to the maximum through high compression strength, but yields enough to forestall 
the rupturing of the metal. 
 
Steel strength is often measured by tensile strength. In this test the metal is pulled on both ends until it 
parts. Tensile strength is related to compression strength even though the tests are opposite, one pulling and 
the other pushing. For this reason submarine steel strength is often measured in tensile strength, not 
withstanding the nature of sea pressure as a compression force. 
 
ALBACORE  was  constructed  of  HY-80  steel,  the  first  of  its  kind  to  utilize  this  material. 
 
Current  American submarines such as the SEAWOLF and VIRGINIA use HY (high yield) 100 metals.   
 
These designators attend to the elements used in the submarine hull's alloy where essentially the higher the 
number the more resilient and resistant the metal is to pressure. 
 
The combination of elements to produce an alloy with great strength is only half the story of producing 
submarine hulls. The second factor in the manufacturing process is the tempering of the steel and shaping 
of the plates into a final form. Once again, the basic concept is that a slow-cooling steel tends to be resilient 
and a quick cooling steel tends to be brittle. Metallurgists in the middle ages learned this early on and after 
shaping a red hot sword on an anvil plunged it into water. This gave the sword a fine cutting edge resistant 
to chipping and dulling. The down side was that when struck by another sword it tended to shatter rather 
than yield. Thus, a submarine's hull plating is cooled at a specific rate designed to produce the best 
combination of stress and yield factors. 
 
The shaping of the plate in the factory is accomplished with huge hydraulic rollers. The shaping process is 
also a compromise. Some alloys are cold rolled. This is the optimum in terms of preserving the alloy's 
strength in the shaping process, however, as the thickness of the plate increases the effect of the rolling 
becomes less and less. The modern mill now uses computers to cold roll submarine hull plates. Each pass 
through the rollers bends the steel a small amount until after many ( in some cases hundreds) of such passes 
through the rollers the plate conforms to the correct hull curvature. 
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
 
In determining the diameter of the pressure hull the engineer takes into account the metal thickness that will 
be required to meet a given strength level. The less the diameter the thinner the metal can be. The size of 
machinery largely determines the diameters of submarines. As the design of the submarine progresses the  
diameter of the hull inevitably increases. (Modern Trident missile submarines have a forty three foot 
diameter pressure hull) This necessitates a thicker hull where the alloys used and the shaping process is  
constant. Once again, the hull design process is one of compromise where interplaying factors are balanced 
against one another until a final design with an estimate of test depth is reached. 
 
The curved plates of metal to make up the submarine's hull are further strengthened by frames. Lateral 
framing was known to the Vikings, although they started with a hull shape and only after the strakes had 
been laid did they imbed the frames into the preformed hull. Submarine hull strength is in large part a 
function of frame strength and spacing. Cross sections of frames are normally "T" shaped and can be within 
the pressure hull, on the exterior of the pressure hull, or both. The externally braced hull was the standard 
in submarine design, because piping and conduit cannot penetrate frames without compromising strength. 
With modern welding techniques it has been possible to grip the hull plate to the frame with such force that 
external framing is successful. 
 
The distance between frames is crucial to determining test depth since this distance is where a compressed 
hull will yield or fail. The distance is a design function taking into account the factors described in this 
section. 
 
The cylinder is the optimal shape for a submarine hull. A sphere is better still, however, the shape of a 
sphere does not accommodate a moving vessel through water. Only in experimental and exploration 
vehicles is the spherical hull shape used. A submarine is in essence, a long cylinder, made up of many 
sections welded together. 
 
The tapered ends of the fleet type submarine (forward torpedo room and after torpedo room) called for 
innovation since the cylindrical form had to be compromised. These compartments were flattened for 
hydrodynamic reasons. Fleet type boats had exterior framing, however, in these end compartments the 
frames were interior as well as exterior. The deviation from circularity although small, produced a bending 
moment putting the shell plating under compression and the face plate of the frame under tension. Thus, the 
mass-produced fleet type boats had framing partly on the inside and partly on the outside of the pressure 
hull. 
 
Three dimensional curvature for modern hemispherical bows require conical shaping, and tapered hull 
plating that in turn requires extensive welding. 
 
The welding of the many plates and commensurate framing necessitates the greatest care. The weld seam 
must have the same strength as the abutting hull plates. This means that if welding is accomplished by hand 
the welder must be of the highest technical competence. Although a submarine may be similar to others in 
its class each is essentially hand built. Automation is limited, but computerization is extensive. 
 
Hull butting is exact. Each cylindrical hull section must precisely match the adjoining section. Each 
cylindrical section has its edges ground to an approximate forty five degree knife edge. When two sections 
are mated the two edges form a trough. Actually, there are two troughs, one on the inside of the cylinder 
and the other on the outside. The welder (or machine) places the first bead at the deepest point of the 
trough. The next weld layer is placed on top of the deeper layer. As the process continues and the wedge 
shaped trough widens, more and more beads are placed side by side to fill the trough. Many hundreds of 
beads are required to bring the level of beading to the surface of the abutting hull sections. It is a long and 
tedious job and quality inspections are constant.  Unfortunately, a perfect cylindrical hull with precise 
welding and engineered frame spacing must be punctured to allow various pipes, coaxial cables and 
rotating shafts access to the exterior of the hull.  
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THE  BASIC  STRUCTURE  OF  NAVAL  SUBMARINES  (cont.) 
 
Wherever such a hull opening occurs the hull must be reinforced by building up the thickness of the 
surrounding area. The larger the opening (such as for hatches) the stronger must be the build-up. Even 
when every effort is made to compensate for the loss of strength from a hull opening the point of violation 
will be the point of failure when the hull exceeds test depth. 
 
Time destroys the hull from several directions. The metal itself fatigues over time. Additionally, the sea 
takes its toll with corrosion eating at the metal. Hull modifications requiring welding, heat the hull and 
thereby reduce the effectiveness of the initial tempering. Nicks, gouges and scrapes collectively take their 
toll. 
 
GUPPY  III  CONFIGURATION 
 
A problem that became evident in the mid-1950 operations was the increasing amount of electronic 
equipment that was required on a submarine.  The ESM equipment, the sonar equipment and the new fire 
control computer took up a lot of space.  Certain boats, which already had the majority of the Guppy 
conversion work done (already Guppy II) and were in decent condition, were taken into the shipyard, cut in 
half and lengthened with a new 15 foot section.   
 
The extension was in the forward end of the control room and created a new space for sonar.  (TIRU was 
only lengthened 12.5 feet instead of 15.)  The Conning Tower was renewed with an additional 5 foot 
section to accommodate the Mk 101 fire control system and Mk 37 director.   
 
The Guppy III conversion was accomplished as a part of the Fleet Rehabilitation and Modernization 
(FRAM) program.  These four-battery, four-engine boats became Guppy III.  The "Northern Sail" was also 
added, as it was on other classes of Guppys,  in order to get the bridge higher which allowed it to be 
manned in severe weather.  TIRU retained its three engine arrangement. 
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PREAMBLE 
 
A  structural  survey  of  the  U.S.S.  CLAMAGORE  was  conducted  at  her  berth  (afloat)  at  the  
Patriot’s  Point  naval  &  Maritime  Museum  in  Mount  Pleasant,  South  Carolina.  The  purpose  of  this  
inspection  is  to  ascertain  the  true  condition  of  the  vessel  and  to  understand  the  issues  impacting  
her  long  term  preservation. 
 
This  walk-through  survey,  performed  at  the  request  of  Mr.  Bob  Howard,  entailed  a  cursory,  walk-
through  visual  inspection  of  the  overall  physical  condition  and  appearance  of  the  vessel,  with  focus  
on  its  structural  integrity,  firefighting  requirements,  de-watering  systems,  and  conditions  that  could  
lead  to  serious  injury.   
 
Inspections  of  the  outboard  ballast  and  inboard  fuel  tank  system,  interior  fuel  and  ballast  tanks  and  
voids  were  not  done;  this  is  a  shipyard  evolution  requiring  the  gas-freeing  of  spaces  with  proper  
ventilation  and  manning  to  Code  of  Federal  Regulation  (29  CFR)  requirements.  Where  possible,  
visual  inspections  from  tank  manhole  covers  was  accomplished  and  limited  inspection  of  voids  that  
had  been  opened  previously  were  carried  out. 
 
The  following  chapter,  hopefully,  will  guide  the  reader  in  the  overall  characteristics  of  this  unique  
class  of  stretched  Balao-class  submarine.   
 
The  body  of  this  report  shall  include  a  textual  format  with  embedded  digital  images  in  a  deck-by-
deck  report  of  inspection  outlining  the  conditions  found,  lighting,  degree  of  cleanliness,  structural  
condition  and  suitability  as  a  space  for  public  access.   
 
Recommendations  and  observations  (if  needed)  for  each  space  will  be  included  within  the  text  in  
bold  type  face  obviating  the  requirement  for  a  separate  ‘Recommendations’  section.  
 
Recommendations  in  bold  red  type  indicate  a  safety  issue  or  danger  to  visiting  public  or  crew. 
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VESSEL  DATA 
 
The  designer’s  waterline  is  parallel  to  the  base  line.  It  is  located  15’  00”  above  the  base  line  and  
corresponds  only  approximately  with  the  designed  normal  load  and  draft. 
 
The  forward  perpendicular  is  2’  02”  forward  at  the  intersection  of  the  designer’s  waterline  with  
the  stem.  The  aft  perpendicular  is  tangent  to  the  stern  profile,  at  the  intersection  with  the  after  
end  of  the  designer’s  waterline.  The  mid-perpendicular  is  located  half  way  between  the  end  
perpendiculars  (6.5’  forward  of  Frame  #  69).  The  section  at  the  mid-perpendicular  is  the  mid-ship  
section.   

 
The  molded  base  line  is  1  inch  above  the  bottom  of  the  keel.  The  datum  line  from  which  drafts  
are  measured  is  at  the  bottom  of  the  keel.   
 
The  designer’s  waterline  is  18’  06”  above  the  baseline.  
 
The  actual  mean  draft  in  surface  normal  conditions  is  15’  11 ½”  and  the  trim  is  5 ¾”  by  the  
stern. 
 
SONAR  DOMES 
 
There  are  three  BQG-4  sonar  domes  (PUFFS)  located  on  the  main  deck  centerline.  These  are  
designated  No. 1 ,  No. 2,  and  No. 3  from  forward  aft.  No.  1  contains  six  SD-2  hydrophones  and  an  
AN/UQC  transducer.  No.  2  &  No.  3  each  contain  six  SD-1  hydrophones.  No.  1  PUFF  is  located  
between  4”  forward  of  Frame  20  and  10”  aft  of  Frame  24.  No.  2  is  located  between  14”  forward  
of  Frame  68  and  10”  forward  of  Frame  72.  No.  3  is  located  between  6”  forward  of  Frame  119  
and  16”  forward  of  Frame  124. 
 
The  AN/BQR-2B  fixed  dome  is  located  between  Frames  6  to  14  centerline  underneath  the  vessel  
with  its  underside  on  a  line  with  the  baseline.  This  dome  contains  an  AN/UQC  transducer  
centered  at  Frame  13  centerline  and  a  BQM-1  test  hydrophone. 
 
RODMETER 
 
The  rodmeter  or  electro-magnetic  log  is  located  14”  forward  of  Frame  33,  5’  06”  starboard  of  
centerline.  In  its  down  position  it  extends  3’  04 ½”  below  the  shell,  or  10 ½”  below  the  baseline  
of  the  vessel. 
 
This  appendage  should  be  inspected  prior  to  movement  of  vessel.  
 
Specifications:  
 
Displacement: 
 
Surfaced:                                                                                            1,731 tons  
 
Length  (overall):                                                                               322'  05 1/4” 
Length  between  perpendiculars:                                                      322’ 01 1/4” 
Extension of vessel beyond forward perpendicular:                                  04” 
Extension of vessel beyond aft perpendicular:                                     None 
Length of designer’s waterline:                                                          319’  10” 
Breadth,  molded,  maximum at designer’s waterline:                         26’  00 ½” 
Breadth, extreme:                                                                                  27’ 04 1/8” 
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VESSEL  DATA  (cont.) 
 
Depth,  molded, amidships baseline to maindeck amidships:             23’  00 3/8” 
Midship section is:                                                                               6.5’ fwd. of Frame 69 
Freeboard at bow:                                                                                  9’  09” 
Freeboard at stern at Frame 135:                                                           3’  03” 
Frame spacing (except from Frame 35 to Frame 62 & Frame 69 
      to Frame 105 where the spacing is 30”):                                        24” 
Number of Frames:                                                                              143 
Bottom of keel to molded baseline:                                                        1” 
Capacity of normal fuel oil tanks including clean oil tanks @ 95%:   57,846  gallons 
Capacity of reserve fuel oil tanks (rated capacity):                              62,474  gallons 
Total capacity of fuel oil tanks:                                                           120,320 gallons 
Capacity of normal lubricating oil tanks @ 95%, sumps 75% 
       Incl. main motor lube oil sumps @ 75%:                                        4,791  gallons 
Capacity of reserve lubrication oil tank @ 95%:                                    1,848  gallons 
Total capacity of lube oil tanks:                                                             6,639  gallons 
Capacity of potable water tanks:                                                            8,246  gallons 
Capacity of battery water tanks:                                                             1,517  gallons 
Inclination of shafts (down & aft);                                                     0.1764”/ft. 
Divergence of shafts, each shaft 0.5904 (outboard and aft):              1.1808”/ft 
Area of rudder:                                                                                    100  sq.  ft. 
Capacity of main ballast, fuel ballast & safety tanks, corrected 
     to sea water for lead ballast and residual water:                            562  tons 
Capacity of variable ballast tanks incl. WRT and negative tanks:     178.17  tons 
 

Heights above Normal Waterline 
 

Highest point of fixed portion of vessel:                                           36’  06 ½” 
Center of anchor light forward:                                                         17’  02 ¾” 
Center of masthead light:                                                                  27’ 09 34” 
Center of searchlight:                                                                        19’  06 3/8” 
Center of sidelights:                                                                          21’ 04 1/8” 
Center of anchor light aft:                                                                 15’  08 ¾” 
Center of stern  light:                                                                        14’  08 3/4” 
Control room platform deck:                                                              4’  02 3/8” 
Conning tower platform:                                                                     5’  07 ¼” 
Bridge platform:                                                                                26’  10 ¾” 
Bridge tower hatch submerges:                                                         20’  01 ¾” 
 
Calculated  Data 
 
Tons per inch immersion:                                                                   12.8  tons 
Area of water plane:                                                                           10,820  sq. ft. 
C.G. of water plane:                                                                            0.98”  fwd. of Fr. 69 
Moment to change trim 1”:                                                                 237 ft. tons 
C.B. above bottom of keel:                                                                 9.43’ 
C.B. forward of Frame 69:                                                                  5.87’ 
Transverse metacenter above C.B.:                                                    2.69’ 
Transverse metacentric height:                                                           1.27’ 
Longitudinal metacenter above C.B.:                                                 386.6 
Longitudinal metacentric height:                                                        367.2 
Area of amidships section:                                                                 358 sq. ft. 
Wetted surface:                                                                                  13,650  sq. ft. 
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VESSEL  DATA  (cont.) 
 
Ratio, length between perpendiculars to beam molded:                      11.78 
Block coefficient ( to 15’  11 ½” W.L.):                                              .514 
Prismatic coefficient (to 15’  11 ½” W.L.):                                         .626 
Midship section coefficient (to 15’  11 ½” W.L.):                              .821 
Waterplane coefficient (to 15’  11 ½” W.L.):                                      .635 
Lead  ballast:                                                                                        12 tons 
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VESSEL  DATA  (cont.) 
 

 
 
 
 
 

Member  SAMS,  ABYC,  HNSA  &  SNAME 21



VESSEL  DATA  (cont.) 
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VESSEL  DATA  (cont.) 
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VESSEL  DATA  (cont.) 
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VESSEL  DATA  (cont.) 
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VESSEL  DATA  (cont.) 
 
TORPEDO  TUBES 
 
There  are  two  nests  of  fixed  torpedo  tubes  for  21  inch  or  19  inch  torpedoes,  one nest  of  six  in  
the  bow  and  one  of  four  in  the  stern. 
 
PRESSURE  HULL  CLOSURE  PLATES 
 
All  closure  plates  are  of  35  lb  or  7/8”  H.T.S.  plate,  have  rounded  corners  (3”  or  4”  radius)  and  
are  welded  flush  with  the  pressure  hull,  using  a  continuous  double-Vee  butt  weld. 
 

 
BILGE  KEELS 
 
The  bilge  keels  are  of  17.85  pound  plate.  They  are  15”  deep  and  designed  to  follow  the  stream  
lines  of  the  vessel  as  far  as  practicable  from  Frame  41  to  Frame  99. 
 
These  were  not  inspected  at  time  of  survey  being  underwater. 
 

 
 

Bilge  keel,  located  at  near  the  bottom  of  the  hull,  arc  fashion. 
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HULL  INSPECTION  EXTERIOR 
 

 
RUDDER 
 
The  rudder  is  a  built  up  structure  of  the  balanced  type.  The  cast  steel  frame  is  covered  with  
12.75  pound  side  plating  (5/16”)  rabbetted  and  welded  watertight.  The  inside  is  filled  with  white  
pine  and  vegetable  pitch  poured  in  hot.  Waterline  sections  through  the  rudder  are  streamlined.  The  
area  of  the  rudder  is  approximately  100  square  feet  and  its  weight,  including the  rudder  stock, is   
approximately  15,500  pounds.   
 

 
 

Rudder  and  underwater  running  gear  appendage  adjacent  to  rudder. 
 

The  frame  is  bored  through  it’s  axis  for  the  rudder  stock.  Along  the  axis,  the  frame  is  made  with  
three  openings.  The  middle  opening, at  about  the  center  of  the  rudder,  takes  a  stern  casting  step  
which  is  fitted  with  a  lignum vitae  lined  bearing  for  the  rudder  stock.  The  upper  and  lower  
openings,  in  which  the  rudder  stock  nuts  are  secured  are  filled  with  wood  and  tallow  and  closed  
with  four  12.75  pound  (5/16”)  portable  plates  which  are  secured  with  1/2”  diameter  rolled  naval  
brass  screws. 
 
The  frame  is  bored  above  both  nuts  on  tapers  with  the  smaller  diameters  toward  each  other.  The  
upper  taper  is  fitted  to  the  stock  and  keyed  to  it  with  two 1 ¼” x 1 ¾” keys  19”  long  which  are  
secured  to  the  stock.  The  lower  taper  is  for  a  split  composition  M  tapered  bushing  which  the  
lower  nut  wedges  against  the  stock. 
 
The  rudder  stock  nuts,  the  upper  8 3/4”  I.D.  and  the  lower  5 1/2”  I.D.,  are  each  secured  with  a  
locking  pin  which  is  center  punched  to  keep  it  in  place.  The  rudder  stock,  which  is  11’  4 3/8”  
long  and  weighs  2,342  pounds,  extends  up  through  the  lignum  vitae  lined  stern  bearing  and  into  
the  non-watertight  hull  structure  to  be  fitted  with  the  bolted  halves  of  the  steering  crosshead  which  
is  keyed  to  the  stock  with  two  1 1/2”  x  2 1/4”  keys  14  1/2”  long.  At  the  top  of  the  rudder,  hard-
over  steel  stops  cast  on the  rudder  frame  take  up  the  stern  post  casting  to  limit  the  travel  of  the  
rudder  to  38  degrees  each  side  of  the  centerline. 
 
The  upper  end  of  the  stock  is  fitted  with  a  thrust  collar  which  places  the  weight  of  the  rudder  on  
a  bearing  race  supported  by  the  framing  of  the  non-watertight  stern.  Any  vertical  movement  of  the  
rudder  is  limited  by  a  fitted  composition  washer  on  the  stock  between  the  rudder  frame  and  the  
underside  of  the  stern  casting  step.       
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
RUDDER  (cont.) 
 
The  steering  gear,  when  using  the  main  sources  or  source  of  power  (manual),  is  capable  of  
moving  the  rudder  between  the  angle  of  which  the  limit  stops  come  into  action.  The  steering  gear  
is  of  the  electro-hydraulic  type  and  under  the  usual  condition  of  steering  by  power  the  steering  
rams  are  operated  by  oil  delivered  by  the  main  steering  pump  located  in  the  after  torpedo  room.   
 
The  direction  and  amount  of  rudder  movement  is  controlled  by  the  position  of  the  tilting  box  of  
the  pump.  The  position  of  the  tilting  box  is  controlled  by  the  following  two  arrangements: 
 
1.) A  size  5,  A-end  speed  gear  pump  is  provided  on  the  conning  tower  steering  stand.  By   
      operation  of  this  steering  pump  by  hand,  oil  is  delivered  to  the  control  cylinders  in  the  after   
      torpedo  room. 
 
2.)  A  “jury  rig”  arrangement  permits  local  control  of  the  main  steering  pump  by  means  of  a   
      manually  operated  lever  attached  to  the  mechanism  which  controls the  pump  stroke.  The  lever      
      is  portable  and  is  removed  and  stowed  nearby  when  not  in  use.  When  local  control  of  the   
      main  steering  pump  in  the  after  torpedo  room  is  required,  place  the  “jury  rig”  arrangement   
      into  operation  by  attaching  the  portable  lever  to  the  pump  control  mechanism,  by  opening  the   
      control  cylinder  bypass  valve,  by  closing  the  hand  and  emergency  cut-out  valves  in  the  main   
      cut-out  manifold,  and  by  starting  the  steering  motor  with  the  three  position  snap  switch   
      installed  adjacent  to  the  motor  controller  cabinet.  Movement  of  the  attached  lever  as  required   
      for  right  or  left  rudder  replaces  the  action  supplied  by  the  control  cylinders  during  normal   
      “power”  steering  and  regulates  the  flow  of  oil  from  the  main  pump  to  the  main  rams  by   
      changing  the  position  of  the  tilting  box  of  the  pump.  The  lever  must  be  returned  to  neutral  for   
      holding  the  rudder  at  any  desired  position.  A  mechanical  rudder  angle  indicator  driven  from   
      the  port  steering  ram  connecting  rod,  is  located  in  the  after  torpedo  room. 
 
There  are  four  methods  of  steering  the  vessel,  viz: 
 
a.)  power  (conning  tower) 
b.)  hand  (conning  tower) 
c.)  emergency  (control  room) 
d.)  “jury  rig”  (aft  torpedo  room) 
 
The  rudder  (underwater)   and  steering  appendage  was  not  observed  at  the  time  of  the  survey.  
The  rudder  post  and  steering  rams  are  locked  in  the  fixed  fore  and  aft  position. 
 
 
FOWARD  BOW  DIVE  PLANES 
 
The  bow  diving  planes,  located  at  frames  #  16-17  port  and  starboard,  are  supported  by  separate  
stocks  and  connecting  rods  but  are  identical  installations. 
 
The  cast  steel  plane  frame  is  covered  with  10  pound  (1/4”)  steel  plating,  rabetted  and  welded.  The  
inside  is  filled  with  white  pine  and  pitch  and  has  about  730  pounds  of  lead  fitted  inside  the  
forward  edge  to  secure  a  balance  in  sea  water  around  the  axis  of  the  stock.  The  area  of  each  
plane  is  57 1/2  square feet  and  it’s  weight,  including  lead  ballast,  is  5,420  pounds. 
 
At  about  the  center  of  the  plane  a  steel  tapered  pin  carries  a  cast  nickel  copper  alloy  spherical  
ball.  The  ball  is  held  within  a  compositional  seat  in  the  end  of  the  connecting  rod,  which  lifts  the  
plane  on  the  2”  x  10  1/4”  hinge  pin  from  the horizontal  to  the  rigged-in  position.  When  in  the  
rigged-in  position  the  planes  are  brought  up  hard  against  rubber  bumpers  on  the  side  of  the   
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
FOWARD  BOW  DIVE  PLANES  (cont.) 
 
superstructure.       
 

 
 

Detail  of  forward  plane  to  starboard,  showing  wasted  superstructure  deck  framing  and  face  plating. 
 

 
 

Forward  plane  to  starboard,  showing  wasted  superstructure  deck  framing  and  face  plating. 
 

The  two  bow  planes  appear  to  be  in fair  condition  in  that  the  hinges  for  both  planes  (what  is  
visible)  appear  in  tough  condition.  The  foundations/bases  for  these  planes  are  deteriorating  
badly.  Additional  reinforcement  will  be  needed.  There  is  interior  degradation  of  the  planes  with  
wastage  holes  at  the  bottoms  of  both   planes. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
STERN  DIVING  PLANES 
 
The  stern  diving  planes  are  a  pair  of  built-up  structures,  balanced  on  a  common  axis.  The  cast  
steel  frame  is  covered  with  10.2  pound  plating  (1/4”+),  rabetted  and  welded.  The  inside  is  filled  
with  white  pine  and  vegetable  pitch  poured  in  hot,  except  in  way  of  the  forward  edge,  which  has  
about  1,700  pounds  of  lead  fitted  inside  to  secure  a  balance  of  sea  water  around  axis  of  stock.  
Vertical  sections  through  the  planes  are  of  airfoil  shape.  The  area  of  each  plane  is  52  square  feet  
and  the  total  weight  of  both  planes,  including  stock  and  lead,  is  11,312  pounds. 
 
The  planes  are  carried  on  the  ends  of  a  horizontal  athwartship  stock  8’  02”  long,  which  passes  
through  two  composition  M  bearings  in  the  stern  casting.   The  stock  is  fitted  with  composition  
sleeves  in  way  of  the  stern  casting  bearings  and  the  ends  enter  the  frames  of  the  planes  on  a  
taper  carrying  two  horizontal  1 1/8”  x  1 1/2”  keys  that  are  11”  long.  A  compositional  thrust  ring  
is  carried  on  the  stock  on  each  side   between  the  plane  and  the  stern  casting  bearing.  A  vertical  
tapered  key  is  fitted  in  each  end  of  the  stock  to  wedge  and  secure  the  planes  onto  the  stock.  
Two  cover  plates,  rabetted  into  the  frame  of  each  plane,  are  fitted  in  way  of  the  ends  of  the  
tapered  keys,  and  secured  with  screws. 
 
Both  the  tiller  arm  and  cap  are  keyed  to  the  stock  at  its  center,  between  the  two  composition  
sleeves  for  the  stern  casting  bearings.  The  tiller  extends  upward  at  a  right  angle  to  the  plane  of  
the  diving  planes.  The  hard  rise  and  hard  dive  stops  on  the  stern  casting  take  up  the  forward  and  
after  side  of  the  tiller  arm  to  limit  the  travel  of  the  planes  to  27  degrees  each  side  of  the  
horizontal. 
 
Both  of  these  stern  plane  units  are  underwater  and  are  in  the  slight  up  angle  trim.  Not  
observed  at  time  of  survey. 
 
CONNING  TOWER/SAIL 
 
The  conning  tower  is  a  built-up  cylindrical  shape  8’  in  diameter,  mounted  horizontally  amidships  
on  the  strength  hull.  It  is  located  between  frames  49-56,  and  the  length  is  24’  00 3/4”.  The  entire  
structure  is  made  of  special  treatment  steel  (STS),  and  the  ends  are  fitted  with  convex  heads. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 

 
 

Maindeck  access  to  sail  with  assorted  shore  power  boxes  and  transformers. 
 

 
 

Looking  aft  in  sail  just  above  maindeck.  Notice  careless  storage  of  gear  and  paint. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
CONNING  TOWER/SAIL  (cont.) 
 
A  21  x  27  inch  oval  hatch  provides  access  to  the  control  room  and  a  25  inch  diameter  W.T.  
hatch  access  to  the  bridge  via  an  access  trunk  and  another  25inch  diameter  W.T.  hatch.  The  hatch  
to  the  bridge  is  fitted  with  a  contact  maker  to  indicate  the  dogged  condition  for  submerging.  
 

 
 

Upper  flat  of  sail,  looking  aft. 
 
 

 
 

Conning  station  windshield. 
 

The conning  tower  is  designed  to  be  a  control  and  steering  station  for  both  submerged  attack  and  
surface  cruising.  This  structure  is  in  fair/good  cosmetic  and  excellent  structural  shape. 
 
Remove  all  debris,  properly  stow  all  shipboard  items,  remove  paint  and  rags  from  space. 
 
Properly fence  off  all  sail  access  panels  to  prevent  pigeon/wildlife  from  creating  a  home  for  
themselves.  Utilizing  a  firehose,  clean  all  standing  dirt/debris  from  sail. 
 
Free-up  drainage  limber  holes  to  prevent  standing  water  and  develop  schedule  of  regular  
flushing  of  space. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
SUPERSTRUCTURE  OR  MAINDECK 
 
The  superstructure  deck,  called  the  main  deck,  extends  virtually  from  the  tip  of  the  bow  to  near  
the  stern  rudder/plane  assembly.  The  deck  is  generally  level  on  the  centerline  but  with  a  marked  
camber  on  each  side.  Beginning  from  aft  the  deck  rises  very  gradually  in  the  direction  of  the  
bow,  to  a  height  approximately  10  feet  above  the  waterline.   
 
The  superstructure  or  main  deck  is  attached  to  the  exterior  hull  by  means  of  the  framing  and  
rounded  sides  forward  and  aft.  Limber  holes  in  the  sides  allow  sea  water  to  enter  all  the  hollow  
spaces  in  the  superstructure  and  the  deck  when  diving,  and  drain  off  when  the  submarine  is  
surfaced.  The  sonar  dome  is  fitted  forward  followed  by  the  tapered  portion  of  the  pressure  hull  
gradually  flaring  to  the  full  width  pressure  hull  aft. 
 

 
 

Foredeck  profile,  showing  area  forward  of  the  sail.   
 
The  maindeck  also  has  temporary  outboard  handrails/railings  with  lifelines  fitted  along  the  length  
of  the  deck  facilitating  passage  from  the  access  hatches.  A  painted  semi-non-skid  finish  has  been  
applied  to  the  steel  deck  for  footing;  this  is  in  relatively  good  condition  with  rust/scale  at  the  
perimeters  of  hardware  and  hatches. 
 
Minor  trip/fall  hazards  abound  with  the  uneven  decking  throughout  the  length  of  the  
maindeck.  Not  suitable  at  this  time  for  public  access. 
 
Lifelines  are  not  suitable  for  public  access  without  major  modification  that  would  spoil  the  
lines  of  the  vessel. 
 
The  foredeck  features  one  of  two  main  access  scuttles  with  vertical  ladder  for  access  to  the  
forward  crew  berthing/torpedo  room.  
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
SUPERSTRUCTURE  OR  MAINDECK  (cont.) 
 

 
 

Maindeck,  aft,  looking  toward  stern  tubes. 
 

The  forward  access  hatch  has  much  standing  water  with  wasted/scaled  deck  covering.  Design  
adequate  drainage  portals;  repair  as  needed  and  prime/paint. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
SUPERSTRUCTURE  OR  MAINDECK  (cont.) 
 

 
 

Hull  fairing  at  bow  to  starboard,  looking  aft. 
 

 
 

Overall  view  of  port  bow  of  CLAMAGORE,  showing  wasted  plating  for  superstructure  fairing. 

 
The  vessel’s  hull  fairing  forward  has  been  intermittently  immersed  in  standing  warm  salt  water  for  
many  years.  This  has  caused  a  failure  of  the  vessel’s  paint  coating  system  and  resulting  heavy  
rust  scale  of  the  hull  plating  and  forward  appendages.  Much  of  the  plating  and  structural  members  
below  the  torpedo  tubes  is  badly  deteriorated  and  only  a  shipyard  period  can  rectify  this  damage. 
 
Ascertain  scope  of  wastage  to  bow  framing  and  hull  scantlings  at  time  of  drydocking,  repair  
as  needed  and  install  sacrificial  anodes. 
 
Properly  sandblast  hull  to  SSPC-10  Near  White  blast,  prime  and  paint  hull. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
SUPERSTRUCTURE  OR  MAINDECK  (cont.) 
 
The  superstructure  deck  forward  and  aft  of  the  sail  is  in  exceedingly  poor  condition.  Much  of  the  
support  foundation  is  rotted  away  with  a  crude  attempt  to  strengthen  the  deck  by  the  installation  
of  wooden  4  x  4  and  2  x  4  planks.   
 
This  area  is  directly  below  maindeck  and  is  a  free-flooding  space  with  limber  holes  cut  into  the  
exterior  plating  to  facilitate  drainage..  A  forward  anchor  windlass  and  chain  locker  is  fitted  with  
an  associated  hawse  pipe  designed  for  a  fluked  anchor.  Anchor  and  chain  rode  are  aboard.     
Structural  members  support  the  maindeck  and  sail  above.  Also,  there  is  associated  piping  and  
storage  compartments  for  various  operational  gear  (anchor  windlass  and  warping  capstans,  etc.).  
Hinged  steel  deck  plates  allow  limited  access  to  this  crawl  space.  At  this  time  there  are  no  
structural  issues  outstanding,  but  structural  members  are  rusted/scaled  which  demands  attention. 
 
There  is  significant  corrosion  occurring  because  of  the  following  conditions: 
 
       1.)   Pigeons  have  a  major  roost  in  this  space  with  resultant  damage  to  coating  system  due  to   
              acid  related  corrosion  from  standing  guano. 
 

2.) Standing  water  atop  the  pressure  hull/ballast  tankage  due to  blocked  limber  holes  and  
standing  dirt/debris.  

 
Properly fence  off  all  topside  limber  holes  to  prevent  pigeon/wildlife  from  creating  a  home  for  
themselves. 
 
Utilizing  a  firehose,  clean  all  standing  dirt/debris  from  superstructure  deck. 
 
Free-up  drainage  limber  holes  to  prevent  standing  water  and  develop  schedule  of  regular  
flushing  of  space. 
 
Properly  sandblast  superstructure  deck  to  SSPC-10  Near-white  blast,  prime  and  paint. 
 

 
 

Wasted  mooring  cleat  foundation,  typical  of  superstructure  deck  material  condition. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
SUPERSTRUCTURE  OR  MAINDECK  (cont.) 

 
 

 
 

Midship  area  of  superstructure  deck  being  crudely  supported  by  2  x  4  wood  planks. 
 
The  deck  between  the  public  access  paths,  around  the  sail,  and  stern  area  is  unsafe. 
 
Properly  template  and  replace  all  mooring  cleat  foundations  as  needed,  immediately. 
 
Properly  template  existing  structure,  fabricate  and  install  new  deck  to  historic  standards. 
 
 
UNDERWATER  HULL 
 
The  hull  bottom  is  freely  eroding  without  benefit  of  an  impressed  cathodic  system  operational  at  
time  of  survey;  it  is  understood  that  Patriot’s  Point  has  engaged  a  contractor  to  design  and  install  
a  new  cathodic  system.   
 
The  forward  and  aft  torpedo  tubes,  being  of  bronze  construction,  are  causing  havoc  galvanically  
with  the  surrounding  steel  structure.  Much  deterioration  of  forward  and  aft  structure  was  observed  
at  time  of  survey;  this  will  require  further  inspection,  fabrication  and  repair  at  time  of  drydocking.  
The  area  aft  of  the  sail  is  suffering  rust/scale  on  the  exterior  because  of  poor  drainage  on  top  of  
the  fuel/ballast  tanks. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
UNDERWATER  HULL  (cont.) 
 

 
 

Wasted  structure  around  bronze  torpedo  tube. 
 

Perform  an  ultrasonic  inspection  of  the  exterior  fuel/ballast  tankage  at  time  of  drydocking,  
crop  out  any  plating  with  greater  than  25%  wastage  and  install  new  steel  inserts. 
 
Design,  fabricate  and  install  cover  boxes  over  all  ballast  tank  valve  openings.   
 
Design,  fabricate  and  install  cover  boxes  over  all  other  through-hull  openings  from  the  
pressure  hull  and  fuel/ballast  tankage. 
 
Properly  sandblast  hull  to  SSPC-10  Near  White  blast,  prime  and  paint  hull. 
 
Access  hatches/escape  scuttles  both  fore  and  aft  (integral  to  the  shell  plating)  have  mildly  
wasted  hinges  and  need  new  gaskets  to  be  properly  locked/secured.   
 
Template,  remove  old  wasted  structure  and  renew  with  new  scantlings  the  bow  and  stern  
fairing,  foundations  and  shell  plating  around  torpedo  tubes.  
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
TANK  MANHOLES 
 
The  flat  and  flush  type  manholes  are  provided  with  1/8”  plant  fiber  gaskets  except  the  fresh  water  
tanks  which  have  1/8”  sheet  asbestos  and  the  reduction  gear  oil  tanks  which  have  a  1/16”  
asbestos  sheet  gasket.  The  boiler-type  manholes  are  provided  with  7/8”  x  11/16”  rubber  gaskets. 
 
Bolted  hatches  and  manholes  on  the  ballast  and  fuel  tanks  have  not  been  opened  as  part  of  
this  survey  (although  they  may  be  opened  to  facilitate  ventilation  or  periodically  pumped  
with  air  to  dewater  tanks).   
 
SOME  standing  oil  and  contaminated  water  have  been  pumped  ashore.  Tanks  have  not  been  
inspected  as  this  is  strictly  a  drydock  function  where  inspection  is  per  29  CFR   for  ‘safe  
entry’.  Gas  freeing  is  a  necessary  prerequisite  before  entering  any  of  these  tanks. 
 
HULL  PLATING 
 
Inward  compression  of  plates  on  her  superstructure  and  ballast  tanks  is  evident  in  many  areas  of  
the  topside  hull;  sure  evidence  of  the  long  operational  life  of  the  vessel.  Condition  of  the  hull  
from  the  sheer  to  the  waterline  is  cosmetically  rough,  as  expected  after  many years  of  service.  
Steel  railings  and  ladders  are  in  need  of  maintenance  on  the  exterior  of  the  superstructure;  replace  
the  pins  and  secure  new  chains  where  appropriate.  All  of  the  foredeck  anchor  handling  gear  and  
anchor  chain  is   housed  and  secured. 
 
A  cast/forged  hawse  pipes  are  well  anchored  to  the  stem  for  housing  the   anchor;  the  anchor  
cannot  be  dropped  or  operated  at  this  time;  the  amount  of  chain  in  the  chain  locker  is  unknown.    
 
The  chain  locker  is  free-flooding;  it  is  assumed  that  there  is  an  inordinate  amount  of  
rust/scale/mud  present;  this  should  be  explored  at  time  of  drydocking. 
 
Properly  secure  anchor  in  hawse  as  weldment  beads  holding  anchor  are  failing. 
 
The  vessel’s  ballast  tankage  at  the  wind/waterline  was  ultrasonically  tested  at  time  of  survey  with  
the  following  results.  Wind/waterline  plating  is  9#  and  10#  (7/32” & ¼”)  mild  steel  plating  
throughout.  Refer  to  ‘Shell  Plate  Expansion  Plans’  for  exact  locations. 
 
HULL  WIND/WATERLINE,  Starboard,  Bow  to  Stern  on  4’  Centers 
 
.130 .191 .195 .176 .156 .148 .067 .089 .178 .098 .200 .115 .211 .222 .194 .156 .136 .057 .167 .189 .099 
.155 .222 .200 .206 .221 .209 .154 .130 .167 .156 .143 .122 .200 .136 .147 .167 .178 .111 .190 .126 .145 
.090 .130 .167 .157 .126 .072 .083 .138 .089 .200 .145 .210 .178 .154 .167 .111 .122 .194 .156 .136 .221 
.207 .209 .219 .155 .122 .100 .156 .121 .189 .154 .130 .167 
 
HULL  WIND/WATERLINE,  Port,  Bow  to  Stern  on  4’  Centers 
 
.156 .143 .122 .200 .236 .147 .167 .178 .211 .149 .156 .234 .155 .132 .213 .141 .199 .188 .150 .145 .140 
.146 .057 .144 .144 .150 .142 .063 .072 .069 .175 .054 .141 .137.083 .157 .152 .151 .157 .143  .051 .052 
.063 .041 .150 .050 .130 .167 .156 .143 .122 .200 .236 .147 .167 .178 .111 .149 .156 .134 .155 .132 .213 
.141 .199 .188 .150 .145  .155 .147 .159 .133 .120 .075 .062 
 
Due  to  low  shell  plate  readings,  often  exceeding  the  25%  threshold,  it  is  recommended  that  the  
vessel’s  waterline  area  in  the  splash  zone  be  re-plated  from  bow  to  stern,  port  and  starboard. 
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HULL  INSPECTION  EXTERIOR  (cont.) 
 
WATERTIGHT  DOORS 
 
The  watertight  doors  are  of  built-up  welded  construction  and  tested  originally  to  200#  per  square 
inch  hydraulic  pressure  on  the  20”  x  38”  doors and  400#  per  square inch  external  pressure  on  the  
30” D.  doors.  All  doors  are  operated  by  a  pair  of  crank  handles  located  on  each  side  of  the  door.  
The  doors  are  further  provided  with  an  interlocking  device which  prevents  the  operation  of  the  
crank  handles  to  lock  the  door  until  the  door  is  closed,  thereby  insuring  a  portion  of  the    
locking  dogs  which  will  not  interfere  with  the  closing  of  the  door  at  any  time. 
 
The  bulkhead  doors  are  held  open  by  spring  loaded  latches  on  the  adjacent  structure.  The  door  for  
the forward  escape  trunk  can  be  closed  from  inside  the  vessel  by  means  of  extension  shafts 
through  the  pressure  hull.  A  pin  in  the  quadrant  of  the  operating  arm  for  this  inboard  closing  
device,  is used  to  hold the  door  in  the  open  position.  The  bulkhead  doors  may  be  held  in  the 
closed position  without the  operation  of  the  locking  mechanism  by  a  single  dog  mounted  in  the  
door  with  an  operating  handle  on  each  side.  These  doors  are  in  excellent  shape  and  are  intact;  
they  can  be  closed.  Excellent  gaskets. 
 
PUBLIC  ACCESS  BROWS 
 
Two  doors  have  been  cut  into  CLAMAGORE’s  hull  to  facilitate  public  access  to  the  forward  and  
aft  torpedo  rooms;  adequate  railings  and  stairwells  are  fitted.  Both  utilize  steel  brows  with  
adequate  handrails  with  a  small  entry  foyer  that  can  be  locked  at  each  entrance/exit.  Each  access  
station  has  been  cut  through  the  exterior  pressure  hull  with  adequate  non-skid  intact,  lighting  
installed  and  handrails  provided.  These  public  access  brows  are  in  good  repair. 
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HULL  INTERIOR 
 
 
The  interior  of  the  vessel  is  divided  into  two  main  decks:   
 

a.) The  Platform  Deck,  which  is  the  top  deck. 
 
       b.)   The  Hold.               
 
Only  the  1974  INSURV  report  is  extant  and  is  not  detailed  as  to  the  hull’s  structural  condition.  
It  is  more  concerned  with  equipment  that  could  be  of  service  to  active  fleet  units.  This  report  
did  state  that  the  ship  could  not  presently  meet  current  operational  needs  because  of  outmoded  
communications  and  habitability  conditions.  Also,  an  expensive  overhaul  of  her  machinery  would  
be  necessary  to  correct  deficiencies  due  to  current  safety  operational  guidelines.  This  report  was  
instrumental  in  having  the  vessel  stricken  from  the  Naval  Vessel  Register  in  1975.  
 
FORWARD  TORPEDO  ROOM  &  HOLD  SPACES 
 

 
 

Forward  Torpedo  Room,  Frames  0 – 35 
 

 
 

Hold,  Frames  0 – 35. 
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HULL  INTERIOR  (cont.) 
 
FORWARD  TORPEDO  ROOM  (cont.) 
 

 
 

Forward  torpedo  room,  looking  aft. 
 

 
 

Forward  torpedo  tubes. 
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HULL  INTERIOR  (cont.) 
 
FORWARD  TORPEDO  ROOM  (cont.) 
 

 
 

Interior  of  Forward  Trim  Tank. 
 

 
 

Floor  under  main  cabin  sole  of  Torpedo  Room,  showing  debris  and  loose  stowage. 
 

The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Heavily  rusted  and  scaled  under  main  floors  over  forward  trim  tank. 
2.)  No  standing  water. 
3.)  Forward  torpedo  tubes  do  not  appear  to  be  leaking. 
4.)  Well  lighted. 
 
1.) Renew  transverse  floor  panels,  several  are  loose,  deteriorated  and  are  in  need  of  

replacement. 
2.) Replace  loose  of  missing  floor  tiles. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT    .675  .621  .590  .550  .622  .605 
STBD    .623  .605  .678  .590  .555  .633 
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HULL  INTERIOR  (cont.) 
 
OFFICER’S  COUNTRY  &  FORWARD  BATTERY  ROOM 
 

 
 

Platform  Deck,  Frames  35 – 48 ½. 
 

 
 

Hold,  Frames  35 – M3. 
 

The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  All  spaces  in  excellent  material  and  cosmetic  condition. 
2.)  Well  lighted. 
3.)  No  standing  water.  
4.)  Battery  room  contains  empty  batteries  in  original  condition,  very  interesting  space. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT   .643  .620  .655  .641  .590  .602 
STBD   .622  .600  .612  .620  .633  .645 
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HULL  INTERIOR  (cont.) 
 
OFFICER’S  COUNTRY  &  FORWARD  BATTERY  ROOM  (cont.) 
 

 
 

Wardroom. 
 

 
 

Watertight  dogging  door  on  interior  passageway. 
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HULL  INTERIOR  (cont.) 
 
OFFICER’S  COUNTRY  &  FORWARD  BATTERY  ROOM  (cont.) 
 

 
 

Forward  Battery  Room,  looking  forward  to  port.  Largely  original.   
 

 
 

Forward  Battery  Room,  looking  aft  to  port. 
 

Member  SAMS,  ABYC,  HNSA  &  SNAME 46



HULL  INTERIOR  (cont.) 
 
CONTROL  ROOM,  SONAR  ROOM,  PUMPROOM,  BERTHING/STOREROOM 
 

 
 

Platform  Deck,  Frames  47 – 58 ½. 
 

 
 

Hold,  Frames  M3 – to  Frame  58 ½. 
 

The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Well  lighted  in  control  room,  not  well  lighted  in  sonar  room  and   
      storeroom. 
2.)  Control  room  in  good  material  and  cosmetic  condition. 
3.)  Sonar  room  and  storeroom  are  dirty,  rust/scale  evident,  possible  PCB/oil   
      contamination. 
4.)  Some  standing  water/oil  in  bilges  (4-8”)  with  heavily  corroded  bases  of   
      bulkheads.  Standing  water  from  leaks  from  periscope  tube  in  conning  tower. 
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HULL  INTERIOR  (cont.) 
 
CONTROL  ROOM,  SONAR  ROOM,  STOREROOM  (cont.) 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT   .602  .540  .625  .607  .670  .612 
STBD   .634  .600  .631  .560  .593  .545 
 
1.) Properly  seal  periscopes  from  rainwater  entry  above. 
2.) Remove  and  properly  dispose  of  all  standing  hydraulic  and  lubrication  oil  in  piping  and  

sumps. 

 
 

Control  Room,  helm  station. 
 

 
 

Sonar  Room. 
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HULL  INTERIOR  (cont.) 
 
CONTROL  ROOM,  SONAR  ROOM,  STOREROOM  (cont.) 

 

 
 

Standing  oil  in  Pumproom. 
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HULL  INTERIOR  (cont.) 
 
CREW’S  GALLEY/MESSDECKS,  STOREROOM  &  AFT  BATTERY  ROOM 
 
The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Well  lighted  in  galley  and  mess  spaces,  not  well  lighted  in  battery/store  room. 
2.)  All  spaces  in  good  material  and  cosmetic  condition. 
3.)  Storeroom  is  dirty  with  rust/scale  evident. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT   .573  .580  .625  .641  .670  .668 
STBD   .642  .615  .634  .627  .638  .667 
 
 

 
Platform  &  Hold,  Frames  58 ½ to 77 ½. 
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HULL  INTERIOR  (cont.) 
 
CREW’S  GALLEY/MESSDECKS,  STOREROOM  &  AFT  BATTERY  ROOM 
 

 
 

Crew  Messdeck. 
 

 
 

Crew  Galley. 
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HULL  INTERIOR  (cont.) 
 
CREW’S  GALLEY/MESSDECKS,  STOREROOM  &  AFT  BATTERY  ROOM 
 

 
 

After  Battery  Room,  looking  forward  to  port. 
 

 
 

After  Battery  Room,  looking  aft. 
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HULL  INTERIOR  (cont.) 
 
FORWARD  ENGINEROOM 
 

 
Platform,  Forward  Engineroom,  Frames  77 ½  to  88. 

 
 

 

 
 

Hold,  Forward  Engineroom,  Frames  77 ½  to  88. 
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HULL  INTERIOR  (cont.) 
 
FORWARD  ENGINEROOM  (cont.) 

 
The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Well  lighted  in  upper  engineroom,  not  well  lighted  below. 
2.)  Upper  engineroom  in  good  material  and  cosmetic  condition. 
3.)  Lower  engineroom  is  dirty,  heavy  rust/scale  evident,  possible  PCB/oil   
      contamination. 
4.)  Some  standing  water/oil  in  bilges  (3  to  4”).   
5.)  Hatches  to  lower  room  needs  locking  devices. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT   .597  .589  .634  .666  .675  .588 
STBD   .624  .653  .634  .634  .647  .650 
 
1.)   Properly  dispose  of  all  standing  oil  from  bilges  and  sumps. 
2.)  Consider  cleaning,  sanding  and  painting  lower  bilge  space. 
3.)  Install  proper  lighting  for  bilge  space. 
 

 
 

Forward  Engineroom,  looking  aft.. 
 
 
 
 

Member  SAMS,  ABYC,  HNSA  &  SNAME 54



HULL  INTERIOR  (cont.) 
 
AFTER  ENGINEROOM 
 

 
 

Platform  Deck,  After  Engineroom,  Frames  87 ½ to  98. 
 

 
 

Hold,  After  Engineroom,  Frames  87 ½  to  98. 
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HULL  INTERIOR  (cont.) 
 
AFTER  ENGINEROOM 
 
The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Well  lighted  in  upper  engineroom,  not  well  lighted  below. 
2.)  Upper  engineroom  in  good  material  and  cosmetic  condition. 
3.)  Lower  engineroom  is  dirty,  heavy  rust/scale  evident,  possible  PCB/oil   
      contamination. 
4.)  Some  standing  oil  in  bilges.   
5.)  Hatches  to  lower  room  needs  locking  devices. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT   .602  .592  .644  .635  .655  .608 
STBD   .600  .689  .695  .699  .723  .753 
 
1.)   Properly  dispose  of  all  standing  oil  from  bilges  and  sumps. 
2.)  Consider  cleaning,  sanding  and  painting  lower  bilge  space. 
3.)  Install  proper  lighting  for  bilge  space. 
 
 

 
 

Aft  Engineroom,  looking  aft. 
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HULL  INTERIOR  (cont.) 
 
MAIN  PROPULSION  &  MOTOR  CONTROL  ROOM 
 

 
Platform  Deck,  Motor  Control  Room,  Frames  98 to  108. 

 

 
 

Hold,  Motor  Control  Room,  Frames  98  to  108. 
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HULL  INTERIOR  (cont.) 
 
MAIN  PROPULSION  &  MOTOR  CONTROL  ROOM  (cont.) 
 
The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Well  lighted  in  upper  room,  no  lighting  below. 
2.)  Upper  control room  in  good  material  and  cosmetic  condition. 
3.)  Lower  motor room  is  dirty,  heavy  rust/scale  evident,  possible  PCB/oil   
      contamination. 
4.)  Much  standing  water  in  bilges  (12  to  18”)  with  heavily  corroded  bases  of   
      bulkheads  and  foundations.   
5.)  Hatches  to  lower  room  needs  locking  device. 
6.)  Both  shaft  packing  glands  seeping  water. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT   .623  .619  .645  .654  .556  .543 
STBD   .567  .544  .573  .639  .612  .601 
 
1.) Consider  installation  of  exterior  blanking  seals  while  vessel  is  in  water. 
2.) At  time  of  drydocking  re-pack  both  shaft  packing  glands. 
3.) Lower  motor room  is  dirty,  heavy  rust/scale  evident,  possible  PCB/oil  contamination. 
4.) Properly  de-scale,  repair  foundations  as  needed,  sand,  prime  and  paint  lower  space. 
5.) Install  proper  lighting. 

 
 
 

 
 

Platform  Deck,  Motor  Control  Room.  Notice  throttles  and  main  panel. 
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HULL  INTERIOR  (cont.) 
 
MAIN  PROPULSION  &  MOTOR  CONTROL  ROOM  (cont.) 
 

 
 

Port  shaft  packing  gland  in  lower  aft  motor  room.  Showing  weeping  packing  gland  and  standing  water  in  bilges. 
 

 
 

Standing  water  on  centerline  bilge  of  lower  motor  room. 
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HULL  INTERIOR  (cont.) 
 
AFT  TORPEDO  ROOM 

 
Aft  Torpedo  Room,  Platform  Deck,  Frames  107  - 125. 

 

 
 

Aft  Torpedo  Room,  Hold,  Frames  107 - 125 
 
The  following  observations  are  made  as  to  the  condition  of  this  space: 
 
1.)  Heavily  rusted  and  scaled  under  main  floors  over  after  trim  tank. 
2.)  After  torpedo  tubes  do  not  appear  to  be  leaking. 
3.)  Well  lighted. 
4.)  Deck  plates  need  proper  securing  to  alleviate  possible  trip/fall  condition. 
 
Pressure  hull  thickness  gauge  readings  are  as  follows: 
 
PORT    .612  .634  .675  .650  .643  .621 
STBD    .657  .656  .670  .630  .655  .635 
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HULL  INTERIOR  (cont.) 
 
AFT  TORPEDO  ROOM  (cont.) 
 
1.) Consider  properly  sealing  inboard  door  for  surface  buoy  tube. 
2.) Consider  properly  cleaning  all  bilge  spaces  in  Storeroom,  properly  sand,  prime  and  paint  

lower  bilge  spaces. 
3.) Install  proper  lighting  for  lower  bilge  spaces. 

 

 
 

Aft  Torpedo  Room,  looking  aft. 
 

 
 

Hold,  Storeroom,  formerly  tank  #7. 
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HULL  INTERIOR  (cont.) 
 
AFT  TORPEDO  ROOM  (cont.) 

 
 

 
 

After  bank  of  four  torpedo  tubes. 
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ELECTRONICS 
 
The  vessel  has  440  Volt,  3  Phase,  service  capability  at  this  time  as  most  of  the  lighting  circuits  
for  the  entire  vessel  are  operable.  The  main  control  panels  for  these  circuits  are  within  each  main  
machinery/engineroom  and  in  the  main  control room.  All  main  power  and  load  centers  are  well  
labeled  and  tagged  and  several  ship's  electricians  have  been  going  over  all  ship's  service  wiring  
and  trunks  prior  to  activation/inactivation  of  any  additional  circuitry.  A  shore  power  AC  breaker  
box   is   mounted  with  appropriate  shore  cable  rigged  to  the  vessel.   
 
Many  of  the  boat’s  wiring  harness  to  specialized  equipment  onboard  has  been  severed  as  
part  of  the  “mothball”  process.   
 
All  of  the  vessel’s  batteries  are  intact  aboard.  
 
Ship’s  wiring  harness  appears  to  be  in  good  order  and  well  preserved;  although,  much  
labeling  has  been  removed  during  the  decommissioning  process.  
 
 
VENTILATION 
 
Currently,  this  system  aboard  is  inoperable  and  ventilation  is  supplied  by  opening  hatches  and  
supplementary  fans  and  natural  ventilation.   
 
The  existing  duct  system  is  intact  and  in  good  repair;  inspection  will  need  to  determine  if  
there  are  PCB  gasket  issues. 
 
The  entire  ventilation  duct  and  filtration  system  will  require  cleaning. 
 
Additional  ventilation  is  needed  for  Hold  spaces. 
 
 
VESSEL  HULL  PRESERVATION/MANAGEMENT  PLAN       
   
No  formal  hull  preservation/maintenance  plan  was  presented  during  the  inspection  of  this  
vessel.  A  hull  maintenance  program  should  be developed  as  a  benchmark  for  scheduling  
ongoing  repairs  by  utilizing  ship's  volunteer  force  (such  as  may  exist)  or  contractors. 
 
This  a  also  a  primary  insurance  underwriting  concern.  A  well  researched  and  complete  
maintenance  program  also  provides  successive  management/personnel  turn-overs  with  a  superb  
research  tool  as  to  past  work  accomplished.  The  'Standards  for  Historic  Vessel  Preservation  
Projects'  issued  by  the  Secretary  of  the  Interior  and  the  National  Maritime  Initiative  may  be  
of  use  in  formulating  such  a  plan.     
   
FIREFIGHTING/SAFETY   
 
The  vessel,  as  previously  mentioned,  has  adequate  interior  fire  extinguishers.  It  is  not  known  
how  familiar  local  fire  department  personnel  are  with  the  interior  layout  of  this  boat. 
 
The  Museum  has  stationed  size  I  &  II  dry  chemical  extinguishers  (all  properly  tagged)  along  
all  platforms  within  the  passageways  with  one  extinguisher  being  stationed  between  each  pair  
of  watertight  doors.  Emergency  lighting  is  fitted  throughout  the  vessel  and  is  operable.   
 
Ambulance  and  police  service  is  not  far  away.   
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SUPPLEMENTAL  RECOMMENDATIONS 
 
The  following  additional  recommendations  are  made: 
 
1.)  Remove  old  FREON  and  other  gas  cylinders  throughout  vessel. 
 
2.)  Shore  Power  System  &  Cables 
 
       This  system  has  the  following  problems: 
 
        a.)  The  shore  cable  box  and  cord  should  be  fitted  with  protective  lagging,  fencing,  or   
              warning  signs  to  ensure  personnel  and  public  are  adequately  protected, 
   
        b.)  Associated  cable  supports  at  railing  topside  need  to  be  properly  welded   
              and  secured  to  deck. 
 
3. )  Emergency  Lighting 
      
       Emergency  lighting  is  inoperable  or  has  weak  batteries  in  various  areas  of  the  below  deck   
       tour  spaces. 
 
4.)  Insulation 
   
       Piping  insulation  in  public  access  spaces  will  need  attention  as  it  has  been   
       disturbed/opened  by  past  inspections  and  not  put  back  to  original  shape. 
 
5.)  Safety  Climbs 
        
       Climber  safety  rails  need  to  be  installed  on  any  ladders  leading  out  of  lower   
       storerooms  and  machinery  spaces.   
 
6.)  Public  Access/Watertight  Hatches  (Maindeck) 
        
        Both  fore  and  aft  hatches  need  to  be  refitted  with  proper  gaskets  installed. 
        
7.)  CO-2  Fire  Bottles 
        
        Some  of  the  vessel’s  fire  extinguishers  (particularly  in  lower  engineroom   
        spaces)  are  in  need  of  recent  inspection  and  tagging.                                                                                                   
 
8.)  Decking 
 
        Decking  in  areas  of  maindeck  open  to  the  public  is  slick  and  needs  non-skid   
        on  centerline  sections.     
 
9.)  Lifelines,  Stanchions 
   
       Some  of  the  lifeline  stanchions  need  to  be  secured  on  maindeck. 
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SUPPLEMENTAL  RECOMMENDATIONS  (cont.) 
 
 
10.)  Switchboards 
         
        Proper  shielding  from  public  access  all  main  switchboards  is  needed   
         
        Switchboard  bus  bars  facing  closest  to  the  rear  of  the  units  are  not  labeled 
        'DANGER  440  VOLTS' ;  applicable  voltage  should  be  entered  with  red  letters  
         not  less  than  3/4"  high. 
 
11.)  Lighting 
     
        Lenses,  protective  guards,  and  face  plates  were  missing  from  many   
        fluorescent  and  incandescent  fixtures  exposing  naked  bulbs  or  exposed,   
        energized  terminals.  Repair/replace  as  needed.   
 
12.)  Electric  Cables 
     
         Dead  ended  cables  were  not  properly  identified  and  isolated;  properly  iden- 
         tify  and  isolate  these  units  throughout  the  ship. In  general,  the  cabling  on  the   
         weatherdecks  and  auxiliary  engineering  space  has  deteriorated.  Cable  jackets   
         are   deteriorated  in  many  locations.  Continue  to  identify  and  isolate/repair. 
 
13.)  Power  Panels 
     
         The  power  panel  in  the  main  control  room  was  missing  components  and   
         has  exposed  component  leads.  Replace/repair. 
 
14.)   Asbestos  Hazards 
       
         There  are  suspected  asbestos  hazards  in  all  lower  compartments  identified   
         throughout  the  ship.  Confirmation/control  measures  are  needed  where  suspect.   
         Asbestos  is  present  and  the  integrity  of  the  covering  is  degraded.  Develop   
         working  asbestos  plan  and  use  29  CFR  1910,  1915  &  1926  as  guides. 
 
15.)  Grab  Rods 
     
         Grab  rods  need  to  be  fitted  where  they  would  aid  persons  using  ladders. 
 
16.)  Slip  Resistant  Treads 
     
         Slip  resistant  treads  are  degraded  or  missing  at  many  areas  throughout  the 
         vessel.  Repair/replace  as  necessary 
 
17.)  Remove  standing  water  and  oil  from  all  interior  spaces.  Inspect  and  clean   
        electrics  prior  to  lighting  off  any  panels.  Dispose  of  any  waste  oil  and  water   
        according  to  Clean  Water  Act  and  Oil  Pollution  Act  of  1990.   
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SUPPLEMENTAL  RECOMMENDATIONS  (cont.) 
 
 
18.)  Develop  'Safe  Working  Practices  Plan'  for  lead,  asbestos,  confined   
        spaces,  air  contaminants  and  safety  standards  for  shipboard  and  shipyard   
        employment.  Designate  'Competent  Person'  and  ensure  this  person  is   
        thoroughly  versed/trained  in  these  categories.  Establish  training  program  for   
        volunteers  and  staff  using  OSHA  guidelines.  Much  free  assistance  is  provided   
        by  this  government  agency  as  regards  methodology  for  training  and   
        compliance.     
 
19.)  Develop  hull  maintenance  program. 
 
20.) Develop  'Safe  Working  Practices  Program'  for  safety  and  lifesaving. 
 
21.) Establish  an  inspection  program  as  required  by  29  CFR  1915  and  1917. 
 
22.) Install  proper  float  alarms  and  instruct  park  personnel  about  emergency  procedures  with  regard  

to  a  flooding  event.   
 
______________________________________________________________________________________ 
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SUMMARY 
 
CLAMAGORE  has  been  in  existence  for  63  years  and  despite  that  is  in  fair  material  and  
structural  condition.  The  topsides  require  cosmetic  and  structural  attention,  but  these  are  the  usual  
issues  that  all  museum  ships  face.  Her  hull  is  the  major  question  mark  as  her  ballast  tank  system  
must  be  sorted  out  prior  to  her  move  to  drydock. 
 
An  experienced  crew  with  ability  to  fabricate  gaskets,  perform  tap/die  functions  and  be  informed  
about  the  ballast  tank  system  arrangement  should  be  in  place  before  any  fuel/ballast  tank  hatches  
are  removed.  Removal  of  contaminated  water/oil  from  her  fuel/ballast  tank  system  is paramount  
before  an  incident  occurs.  
 
The  above  will  have  to  be  sorted  out  prior  to  removal  of  mud  around  vessel  as  CLAMAGORE  
will  be  afloat  at  all  stages  of  the  tide  after  dredging.   
 
Selective  audio-gauging  of  her  maindeck,  bulkheads,  platforms,  and  some  side  plating  shows  
excessive  plate  wastage  at  the  waterline;  readings  on  the  ballast  tank  skin  plating  and  main  
pressure  hull  show  only  a  greater  than  60%  loss  throughout  the  vessel.  There  is  minor  
compression  of  surface  plating  on  the  outer  fuel/ballast  tank  skin  at  time  of  survey.  The  pressure  
hull  is  sound. 
 
Care  of  her  hull  deserves  immediate  attention.  Her  topside  paint  system  has  failed  and  needs  
immediate  remediation.  Likewise,  her  superstructure  deck  is  in  trouble  and  immediate  attention  is  
needed  there  to  prevent  further  degradation.   
 
Drydocking  and  repair  of  the  vessel  is  needed  and  should  be  a  priority. 
 
All  interior  ballast  and  fuel  tank  spaces  were  not inspected.   
 
The  Museum  should  develop  a  hull  maintenance  and  repair  program,  and  establish  a  proper  
training  program  for  staff  for  flooding  events,  hazardous  materials,  air  contaminants,  confined  space  
entry,  lead,  PCB  and  asbestos  issues.  This  plan  will  provide  the  planning  required  for  downstream  
restoration  work. 
 
The  bottom  line  is  that  U.S.S.  CLAMAGORE  is  an  exceptional  museum  icon  that  many  have  
come  to  see  as  incorporating  some  of  the  best  in  American  material  culture.  She  is  the  last  of  her  
breed. 
 
A  great  boat. 
 
_____________________________ 
          
Joseph  Lombardi 
Principal  Surveyor 
 
.NOTE:  This  yacht  or  workboat  survey  is  issued  by  the  undersigned  who  has  exercised  reasonable  care  in  conducting  a  visual  inspection  of  the  accessible  areas  in  
connection  with  a  marine  survey  of  the  subject  vessel.  All  details  and  particulars  in  this  report  are  believed  to  be  true,  but  are  not  guaranteed  accurate.  All    
judgments,  conclusions,  and  recommendations  are  expressions  of  opinion  of  the  undersigned  based  upon  his  skill,  training,  and  experience  after  a  routine  examination  
of  the  vessel  and  after  discussions  with  owners  or  others  familiar  with  the  vessel.  No  part  of  this  report  is  issued  as  an  expressed  or  implied  warranty  of  the  
condition  of  the  vessel,  of  the  value  of  the  vessel  or  of  the  cost  of  any  repairs.  Unless  specifically  stated  otherwise  in  this  report,  the  undersigned  has  not  removed  
fasteners,  has  not  removed  fixed  structures  or  equipment,  and  has  not  disassembled  hull  or  machinery  for  inspection  or  testing;  therefore  this  report  does  not  cover  
latent  defects  not  readily  discovered  without  such  removal  or  disassembly.  Unless  specifically  stated  otherwise  in  this  report,  the  undersigned  has  not  operated  the  
engines,  machinery,  equipment,  or  appurtenances.  The  undersigned  has  conducted  his  survey  and  issued  this  report  for  the  sole  use  of  the  specified  requesting  party  
for  an  agreed  fee  based  upon  the  intended  use  of  the  report  and  the  legal  liability  of  the  undersigned;  accordingly,  others  are  not  to  use  this  report  and  not  to  rely  
upon  the  contents  of  this  report  without  payment  to  the  undersigned  of  an  additional  agreed  fee  based  upon  reevaluation  of  the  same  factors;  further,  the  
undersigned  shall  have  no  liability  for  consequential  damages,  no  liability  for  personal  injury  damages,  no  liability  for  property  loss  damages,  and  no  liability  for  
punitive  damages,  all  of  which  shall  be  deemed  to  have  been  knowingly  and  voluntarily  waived  upon  use  of  this  report;  further,  in  no  event  shall  the  legal  liability  
of  the  undersigned  for  this  report  ever  exceed  the  fee  paid  by  the  requesting  party  for  issuance  of  this  report,  regardless  of  the  number  of  claims  or  suits  and  
regardless  of  whether  under  theory  of  tort,  contract,  warranty,  products,  outrage,  or  otherwise. 
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October 30, 2009 

 

Patriots Point Naval & Maritime Museum 

40 Patriots Point Road 

Mount Pleasant, South Carolina 29464 

 

Attention: Mr. Bob Howard, Director of Operations 
 

Reference: REPORT OF GEOTECHNICAL EXPLORATION  

Feasibility Study for USS Clamagore Improvements and Relocation 

Patriots Point Naval and Maritime Museum 

 S&ME Project No. 1131-09-471 

 

Dear Mr. Howard: 
 

We have completed a geotechnical exploration for use in a feasibility study for the proposed 

relocation of the USS Clamagore at the Patriots Point Naval and Maritime Facility in Mount 

Pleasant, South Carolina. Our services were provided in general accordance with S&ME Proposal 

No. 31-09-072B, dated September 16, 2009. The purpose of our exploration was to evaluate the 

subsurface conditions at the site pertinent to the temporary support of the vessel as it is moved 

from its present berth to its proposed final location on land. This report presents our 

understanding of the planned construction, the site and subsurface conditions, and our 

geotechnical conclusions and recommendations. 

 

PROJECT INFORMATION 

 

We understand plans are to relocate the 322-ft long USS Clamagore from its present berth to 

adjacent land at the Patriots Point Naval and Maritime Facility. The proposed final location for the 

Clamagore is paved and presently used for parking. The vessel is presently resting on the mud 

river bottom. Three options are under consideration for relocation of the vessel in your feasibility 

study. 

 

• A cofferdam will be constructed encompassing an area that traverses the existing shoreline 

and extends into the water. The vessel will be floated into the cofferdam, the cofferdam 

will be closed and then the water level raised in much the same way as a canal lock. The 

vessel will be moved to its final location once raised to a suitable elevation. 

   

• A channel will be dredged from the vessel to the shore, with a trench excavated in the 

existing harbor bank and into the parking area. A pile-supported rail system will be 

constructed from the final location, through the trench and into the newly dredged 

channel. The vessel will then be floated to the rail system and winched to its final location. 
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Once the vessel is in its final location, permanent supports will be constructed around the 

rail system and it will be dismantled. We assume the temporary rail supports will be driven 

steel piles. 

 

• A pile-supported crane trestle will be constructed from the land to the vessel location. 

Crane(s) will be used to lift and transport the vessel to its final location on land. 

  

This project information was provided by Mr. Dwight Cathcart of the Dennis Corporation 

through email and telephone correspondence with Mr. Aaron Goldberg of our firm during March, 

September, and October 2009, our review of animation and renderings available on the Dennis 

Corporation website, and our visits to the site.  

 

We used existing subsurface data that we collected previously
1
 at the site for developing an 

understanding of the conditions on land. This exploration and use of existing data are for the 

purpose of a feasibility evaluation and are not adequate for preparation of design plans. Once the 

project moves into the design phase, we must be contacted to develop and implement the 

necessary geotechnical exploration and analysis for final design of any of the proposed methods. 

 

METHODS OF EXPLORATION  
 

Field Testing 
 

As requested, we explored the subsurface conditions in the Cooper River with two soil test 

borings. The borings were performed from a barge to depths of about 83½ to 87 ft below the 

barge deck. Test locations were established in the field by estimating distances from existing site 

features. Coordinates for the test locations were obtained with the handheld GPS unit with 

submeter accuracy. The approximate test locations are shown on the Test Location Plan (Figure 

1) in the Appendix. Boring elevations were estimated from published tide data. A more detailed 

description of our field testing procedures and the SPT Boring Logs are also included in the 

Appendix.  

 

Laboratory Testing 

 

Five representative soil samples were subjected to laboratory natural moisture content, grain size 

distribution, and/or Atterberg limits testing. This laboratory testing was performed in substantial 

accordance with applicable ASTM standards. The test results are presented on individual 

laboratory data sheets in the Appendix. 

 

                                                
1  Geotechnical Exploration, Landside Infrastructure Improvements Harbor Bank Erosion Control – Patriots Point, 

Mt. Pleasant, South Carolina, S&ME Project No. 1131-09-111, Project No. P-36-9530-PG and  

Proposed Flight Simulator, Patriots Point Naval & Maritime Museum, Mt. Pleasant, South Carolina, S&ME 

Project No. 1131-06-354 
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SITE AND SUBSURFACE CONDITIONS 

 

Site Conditions 
 

The Patriots Point Naval and Maritime Facility is located on the Cooper River in Mt. Pleasant, 

South Carolina. The facility presently consists of the Yorktown Visitor Building and associated 

parking on the land and the USS Yorktown and USS Clamagore in the Cooper River. The 

elevation difference of the surrounding marshes and the land is estimated to about 10 to 15 ft. The 

proposed permanent location for the USS Clamagore is currently a paved parking area south of 

the Visitor Building. 

 

The site is known to be a former dredge spoil disposal area. On the high ground, fill likely exists 

from the ground surface to a depth of about 15 ft based upon the elevation difference of this site 

compared to the surrounding marshes. 

 

Subsurface Conditions 
 

Details of the subsurface conditions encountered by the borings and the previously performed 

soundings are shown on the logs in the Appendix. These logs represent our interpretation of the 

subsurface conditions based upon field data. Stratification lines on the sounding logs represent 

approximate boundaries between soil behavior types
2
; however, the actual transition may be 

gradual. The general subsurface conditions and their pertinent characteristics are discussed in the 

following paragraphs. 

 

The over water exploration initially encountered 20 to 30 ft of very soft clayey silt. Beneath the 

silty clay layer, the subsurface conditions generally consisted of very loose to loose sand to the 

top of the Cooper Marl
3
. The marl was encountered at a depth of about 40 ft below the mudline, 

which corresponds to an elevation of about -48 ft-NAVD88. The marl continued to the deepest 

explored depth of about 83 ft below the mudline. The water depth at the boring locations ranged 

from a low of 0 ft at SPT-1 to over 9 ft at SPT-2 during our investigation. Water levels at the site 

vary with tidal changes. 

 

The previously performed CPT soundings encountered 5 to 12 ft-thick layers of very soft to firm 

clay and very loose to medium dense sands to a depth of about 43 ft below grade. Based on our 

estimate that the ground surface elevation at our soundings was about +18 ft, the soils extend to 

an elevation of about -25 ft. Beneath the interbedded sands and clays, medium dense sands were 

encountered to the top of the Cooper Marl. The top of the Cooper Marl was encountered at 

depths of 70 to 73 ft below ground, which corresponds to top of marl elevations of -52 to -55 ft. 

                                                
2  Soil Behavior Type (SBT) shown on the CPT logs is calculated based on empirical correlations with tip 

resistance, sleeve friction, and pore pressure.  A CPT log may define a soil based on its behavior as one type 

while its grain size and plasticity, the traditional basis for soil classification, may define it as a different type. 

 
3 

The Cooper Marl, locally referred to as “marl”, is an incompressible, thick (≥ 200 ft) stratum which     

    underlies the area, and is typical the bearing stratum for deep foundations in the Charleston area.  
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The water depth at the sounding locations was measured 5 to 7 ft below grade. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The conclusions and recommendations presented herein are based, in part, upon the data obtained 

during our subsurface exploration. During review of these recommendations, it should be kept in 

mind that with any previously filled site, unexpected and variable subsurface conditions (e.g., 

organic matter, buried debris or obstructions, etc.) may be encountered during construction.  

From our subsurface exploration, we have provided model soil profiles that can be used for wall 

design for the cofferdam method of relocation and axial compression and tension pile capacities 

for several pile types for the rail system and crane trestle methods. For permanent support of the 

vessel on land, we anticipate that the loads, load configuration, and the presence of the dredge 

spoil fill will require the vessel be supported on deep foundations.  

 

Model Soil Profile for Cofferdam Method 

 

Based on our understanding of the proposed cofferdam method, the containment walls will extend 

from the land to the water. The soil profile will change as the structure transitions from the land 

into the water. A model soil profile for the water is shown in Table 1. A model soil profile for the 

land is shown in Table 2. Lateral earth pressures exerted on the wall can be calculated using the 

values shown in Tables 1 and 2. 

 
Table 1. Design Soil Parameters for Water Structures 

 

Drained Condition Undrained 

Condition 

Soil 

Layer 

Top 

Elevation 

(ft) 

Bottom 

Elevation 

(ft) 

γγγγdry 

(pcf)    

γγγγsat 

(pcf)    

φφφφ’ 

(degrees) 

Ko    KA    KP    δδδδ 

(degrees)    

c  

(psf) 

cA 

(psf)    

Clayey 

Silt 
-4 -35 50 100 20 1 1 1 14 200 0.8c 

Sand -35 -48 85 110 28 0.53 0.36 2.77 14 - - 

Cooper 

Marl 
-48 -79 75 110 44 1 1 1 14 3000 0.8c 
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Table 2. Design Soil Parameters for Land Structures 

 

Drained Condition Undrained 

Condition 

Soil 

Layer 

Top 

Elevation 

(ft) 

Bottom 

Elevation 

(ft) 

γγγγdry 

(pcf)    

γγγγsat 

(pcf)    

φφφφ’ 

(degrees) 

Ko    KA    KP    δδδδ 

(degrees)    

c  

(psf) 

cA 

(psf)    

Sand / 

Clay 
+18 -25 40 100 20 1 1 1 14 360 0.8c 

Sand -25 -56 85 110 32 0.47 0.31 3.25 14 - - 

Cooper 

Marl 
-56 -79 75 110 44 1 1 1 14 3000 0.8c 

 

 

Soil properties are presented for both drained and undrained conditions to be used with long and 

short-term loading conditions, respectively. Both the drained and undrained cases should be 

evaluated to determine the critical design case. 

 

Axial Pile Recommendations for the Rail and Trestle Methods 
 

We recommend support of the rail system or crane trestle be achieved by installing driven piles.  

Figure A provides our recommended allowable axial capacities for steel HP12x53, HP14x73, 

20-in. diameter pipe, and 24-in. diameter open-ended pipe piles.    

 

An efficiency factor (to account for capacity reductions caused by group effects) of 1.0 should be 

used for center-to-center pile spacings of three pile diameters or more, which is the minimum 

recommended spacing. The structural capacity of the piles has not been considered in our analysis 

and should be checked by the Structural Engineer. The capacities shown in Figure A are based on 

the assumption that a pile load test program, as described below, will be implemented. 

 

Driven pile capacities should be verified at the start of construction, before production piles are 

ordered, through dynamic pile testing with the use of a Pile Driving Analyzer
TM

 (PDA) 

(ASTM D4945). Dynamic testing is more economical than static load testing and will enable 

several piles to be quickly tested. We recommend that at least three piles, spaced equally along the 

length of the structure, be dynamically tested during restrike driving 5 days after installation to 

determine their capacity. An Engineering Technician working under the direction of the 

Geotechnical Engineer should monitor all pile driving to verify that the piles are encountering 

expected driving resistances and note any damage or other problems during installation. 

 



Project No.: 1131-09-471

Date: October 2009                                                                                                                                                                                    
Figure A

USS Clamagore Relocation

Mount Pleasant, South Carolina

ALLOWABLE PILE RESISTANCE 

NOTES:

1)  The structural capacity of the piles has not been considered in our analysis and should be evaluated by the project 

      structural engineer.  

2)  The allowable tensile capacity is approximately ⅔ of the compressive capacity.

3)  The minimum recommended pile tip elevation is -58 ft-NAVD 88 (10 ft into the marl).

4) The recommended minimum center-to-center pile spacing is 3 pile diameters.
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Test Location Plan (Figure 1) 

 

Site Location Plan (Figure 2) 

 

SPT Boring Logs 

 

Previous CPT Sounding Logs 

 

Field Testing Procedures 

 

Laboratory Test Results 

 

Laboratory Testing Procedures 
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FIELD TESTING PROCEDURES 

 

Soil Test Borings 

 

All boring and sampling operations were conducted in accordance with ASTM Designation D-1586.  
Initially, the borings were advanced by either mechanically augering or wash boring through the soils.  

Where necessary, a heavy drilling fluid is used below the water table to stabilize the side and bottom of 

the drill hole.  At regular intervals soil samples were obtained with a standard 1.4-inch I.D., 2-inch O.D., 
split-barrel sampler.  The sampler was first seated 6 inches to penetrate any loose cuttings and then driven 

an additional foot with blows of a 140 pound hammer falling 30 inches.  The number of hammer blows 

required to drive the sampler the final foot is designated the "Standard Penetration Resistance."  The 

penetration resistance, when properly evaluated, is an index to the soil strength. 
 

Soil Classifications 

 
Soil classifications provide a general guide to the engineering properties of various soil types and enable 

the engineer to apply his past experience to current problems.  In our exploration, samples obtained 

during drilling operations are examined and visually classified according to color, texture, and relative 
density or consistency (based on standard penetration resistance).  The consistency and relative density 

designations are as follows: 

 

SANDS       SILTS AND CLAYS 

N (SPT) Relative Density N (SPT) Consistency 

0 - 4 Very Loose 0 - 2 Very Soft 

5 - 10 Loose 3 - 4 Soft 

5 - 8 Firm 11 - 30 Medium Dense 

9 - 15 Stiff 

31 - 50 Dense 16 - 30 Very Stiff 

31 - 50 Hard 50+ Very Dense 

50+ Very Hard 

 

 
 



FIELD TESTING PROCEDURES 
 
 
Cone Penetrometer Test (CPT) Sounding 
 
The cone penetrometer test soundings (ASTM D 5778) were performed by hydraulically pushing 
an electronically instrumented cone penetrometer through the soil at a constant rate.  As the cone 
penetrometer tip was advanced through the soil, nearly continuous readings of point stress, 
sleeve friction and pore water pressure were recorded and stored in the on-site computers.  Using 
theoretical and empirical relationships, CPT data can be used to determine soil stratigraphy and 
estimate soil properties and parameters such as effective stress, friction angle, Young’s Modulus 
and undrained shear strength. 
 
The consistency and relative density designations, which are based on the cone tip resistance, qt 
for sands and cohesive soils (silts and clays) are as follows: 
 

SANDS       SILTS AND CLAYS 

Cone Tip Resistance,  
qt (tsf) 

Relative Density Cone Tip Resistance,  
qt (tsf) 

Consistency 

<20 Very Loose <5 Very Soft 

20 – 40 Loose 5 – 10 Soft 

10 – 15 Firm 40 – 120 Medium Dense 

15 – 30 Stiff 

120 – 200 Dense 30 –60 Very Stiff 

>200 Very Dense >60 Hard 
 
CPT Correlations 
References are in parenthesis next to the appropriate equation. 
 
General 
pa = atmospheric pressure (for unit normalization) 
qt = corrected cone tip resistance (tsf) 
fs = friction sleeve resistance (tsf) 
Rf = 100% * (fs/qt) 
u2 = pore pressure behind cone tip (tsf) 
u0 = hydrostatic pressure 
Bq = (u2-u0)/(qt-σv0) 
Qt = (qt-σv0)/ σ’v0 
Fr = 100% * fs/(qt- σv0) 
Ic = ((3.47-logQt)2+(logFr+1.22)2)0.5 
 
N-Value 
N60 = (qt/pa)/[8.5(1-Ic/4.6)]  (6) 
 
(6) Jefferies, M.G. and Davies, M.P., (1993), “Use of CPTu to estimate equivalent SPT N60”, ASTM 
Geotechnical Testing Journal, Vol. 16, No. 4 



Min Max
1
2 3.60 N/A
3 2.95 3.60
4 2.60 2.95
5 2.05 2.60
6 1.31 2.05
7 N/A 1.31
8 Very stiff sand to clayey sand (High OCR or cemented)
9

CPT Soil Classification Legend

Robertson's Soil Behavior Type (SBT), 1990

Group # Description
Ic

Sensitive, fine grained N/A
Organic soils - peats
Clays - silty clay to clay
Silt mixtures - clayey silt to silty clay
Sand mixtures - silty sand to sandy silt
Sands - clean sand to silty sand
Gravelly sand to dense sand

N/A
Very stiff, fine grained (High OCR or cemented) N/A

Soil behavior type is based on empirical data and may not be representative of soil classification 
based on plasticity and grain size distribution.

Relative Density and Consistency Table
SANDS SILTS and CLAYS

Cone Tip Stress, qt (tsf) Relative Density Cone Tip Stress, qt (tsf) Consistency
Less than 20 Very Loose Less than 5 Very Soft

20 - 40 Loose 5 - 15 Soft to Firm
40 - 120 Medium Dense 15 - 30 Stiff
120 - 200 Dense 30 - 60 Very Stiff

Greater than 200 Very Dense Greater than 60 Hard



Cobbles < 300 mm (12") and > 75 mm (3") Fine Sand < 0.425 mm and > 0.075 mm (#200)

Gravel < 75 mm and > 4.75 mm (#4) Silt < 0.075 and > 0.005 mm

Plastic Limit

Medium Sand

NA

13.6%

NA

59.6%
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LABORATORY TESTING PROCEDURES

Grain Size Tests (ASTM D 1140 and ASTM D 422)

Grain size tests were performed to determine the soil particle size distribution.  The amount of
material finer than the #200 sieve was determined by washing the sample over that particular
size sieve.  The grain size distribution of the soil retained on the #200 sieve was then determined
by passing the retained portion through a standard set of nested sieves.

Atterberg Limits Test (ASTM D-4318)

Atterberg Limits tests were performed to determine the soil plasticity characteristics.  The soil
plasticity index (PI) is representative of this characteristic and is bracketed by the liquid limit
(LL) and the plastic limit (PL).  The liquid limit is the moisture content at which the soil will
flow as a heavy viscous fluid.  The plastic limit is the moisture content at which the soil begins to
lose its plasticity.  The difference between the liquid limit and plastic limit is the plasticity index.

Natural Moisture Content Test (ASTM D 2216)

Moisture content tests were conducted to determine the ratio, expressed as a percentage, of the
weight of water in a given amount of soil to the weight of the solid particles.
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METHODS OF EXPLORATION 

Field Testing 

Subsurface conditions at the site were explored by performing 17 cone penetration test (CPT) 
soundings to depths ranging from 10 to 48 ft.  To further explore the near surface soils 4-ft hand-
auger borings were performed adjacent to each sounding location.  In addition, two 4-ft hand-
auger borings were perform in the proposed bio-swale areas. To explore the area underneath the 
existing parking areas and roadways, 12 asphalt cores and 4-ft hand-auger borings were 
performed within the employee and bus parking area, general admission parking area, and the 
old Patriots Point Road.  Test locations were established in the field by S&ME personnel 
estimating distances and right angles from existing site features.  The test locations are presented 
on the Test Location Plan in the Appendix. 
 
In a CPT sounding (ASTM D 5778), an electronically instrumented cone penetrometer is 
hydraulically pushed through the soil to measure point stress, pore water pressure, and sleeve 
friction.  The CPT data is used to determine soil stratigraphy and to estimate soil parameters 
such as preconsolidation stress, friction angle, and undrained shear strength.  Sounding C-1 was 
stopped at a depth of about 17 ft in soft to firm clay and a pore pressure dissipation test was 
performed.   
 
The hand auger borings were performed by manually turning a steel auger into the ground.  The 
soils encountered were classified in the field by a Geotechnical Professional using the Unified 
Soil Classification System (USCS).  A more detailed description of our field testing procedures, 
the CPT sounding logs, and Hand Auger Boring Logs are included in the Appendix. 
 
Laboratory Testing 
 
We performed 200 sieve wash testing on the soils excavated from each bioswale area to 
determine if infiltration testing should be performed.  We understand that it is generally 
preferable to test the soil below the bottom of the proposed bioswale area; therefore, we tested 
soils at a depth of approximately 3 ft within the hand-auger borings.  All laboratory testing was 
performed in general accordance with ASTM standards.  Laboratory testing procedures and a 
Laboratory Data Summary are included in the Appendix. 
 
SITE AND SUBSURFACE CONDITIONS 
 
Site Conditions 
 
The project site is located to the east of the existing Patriots Point Naval & Maritime Museum in 
Mt. Pleasant, South Carolina.  The site is bound by the Charleston Harbor and Patriots Point 
Naval and Maritime Museum to the west, Marine Road to the south, the intersection of Patriots 
Point Boulevard and Patriots Point Road to the north, and Patriots Point Boulevard to the east. 
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At the time of our exploration, the western portion of the site is wooded and the eastern portion 
is currently occupied by the Patriots Point Naval & Maritime Museum.  In general, the ground 
elevations on the wooded east side of the site are approximately 4 ft higher than those on the 
west.   
 
Existing Pavement Conditions 
 
While observing the site, it was noted that the existing pavements were cracked.  We observed 
some joint separation with vegetation growing through some of these areas.     
 
The pavement at our test locations consisted of an aggregate base course overlain by an asphaltic 
concrete surface course.  The average thickness of the base and surfaces courses was 2.3 in. and 
5.1 in., respectively.  The pavement component thickness at each test location is presented in 
Table 1 below: 
 

Table 1. Pavement Thickness  

Core Name 
Asphalt Surface 

Course Thickness 
(in.) 

Aggregate Base 
Thickness (in.) 

B-1 1 3 
B-2 1 5 
B-3 1.25 4.75 
B-4 1.75 4.25 
B-5 2.5 5.5 
B-6 3 0 
B-7 2.5 3.5 
B-8 3 5 
B-9 3 9 
B-10 3 9 
B-11 3.5 8.5 
B-12 2.5 3.5 

Average 2.3 5.1 
 
 
Subsurface Conditions 
 
Details of the subsurface conditions encountered by the soundings and hand-auger borings are 
shown on the logs in the Appendix.  These logs represent our interpretation of the subsurface 
conditions based upon field data.  Stratification lines on the logs represent approximate 
boundaries between soil types; however, the actual transition may be gradual.  The general 
subsurface conditions and their pertinent characteristics are discussed in the following 
paragraphs. 
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The exploration in the non-pavement areas initially encountered 0 to 3 in. of organic laden 
topsoil.  The hand-auger borings within the existing pavement areas encountered approximately  
1 to 3½ in. of asphalt pavement underlain by 0 to 9 in. of aggregate base course.  Below the 
pavement materials, relatively “clean” sandy fill to a depth of 2 to 4 ft below the existing ground 
surface.   
 
Beneath these surface materials the soundings encountered erratically uncontrolled fill consisting 
of interbedded layers of sand, clayey sand, shell hash, and slightly sandy clay and silt.  Although 
difficult to differentiate from native soils, fill consisting of a loose and soft mixture of sand silt 
and clay extends to a depth of about 15 ft.  All the soundings except C-2, C-3, C-10, and C-17 
were terminated within this layer.  Below the fill, the exploration, except soundings C-10 and C-
17, encountered a medium dense sand layer to a depth of about 18 ft.  Soft clay was encountered 
below the sand to a depth of 26 to 28 ft below the existing ground surface (C-10 was terminated 
within this layer).  Beneath the clay layer, the exploration encountered alternating layers of soft 
to firm clay and loose to medium dense sand to the final exploration depth of 48 ft. 
 
Subsurface water was measured upon completion of the soundings and hand-auger borings at a 
depth of about 1 to 6 ft below the existing ground surface.  Subsurface water was not 
encountered in the 4-ft hand-auger borings at locations C-1, C-4, C-5, C-7, C-13, C-14, C-17, 
and all of the pavement area borings except B-5 and B-8.  Subsurface water levels at the site will 
fluctuate during the year due to such things as seasonal, tidal, and climatic variations and with 
construction activity in the area. 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
The analyses and recommendations submitted herein are based, in part, upon data obtained from 
our subsurface exploration.  The nature and extent of subsurface variations will not become 
evident until construction.  If variations appear evident, then we should be retained to re-evaluate 
the recommendations of this report.  In the event that any changes in the nature, design or 
location of the proposed expansion are planned, the conclusions and recommendations contained 
in this report shall not be considered valid unless the changes are reviewed by us, and the 
conclusions are modified or verified in writing.  This is particularly important if the fill heights 
will be greater than those assumed in this report.  We recommend that S&ME, Inc. be retained to 
review the final design plans and specifications to confirm that earthwork and foundation 
recommendations are properly interpreted and implemented. 
 
Hereafter, we present a general assessment, engineering assessment with more detail, and 
recommendations for various areas of the site identified on Figure 1. 
 
General Assessment  

For your convenience, our recommendations are summarized in outline form below.  This brief 
summary should not be used for design or construction purposes without reviewing the more 
detailed information presented in the remainder of the report.   
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1. After consulting with SWA, it was decided not to proceed with the bioswale option 
since the site soils were expected to have a very low permeability based upon our 
grainsize testing and field classification.   

2. The thick uncontrolled dredge spoil underlying the site will undergo consolidation 
with the addition of the proposed new fill at the ground surface.  We estimate that 
approximately 2 in. of settlement will occur over the next 4 years from the addition of 
each 1 ft of new fill added. 

 
3. In order to reduce post-construction settlement, the site should be surcharged for 

6 months with a temporary embankment of fill of approximately 1 ft for every 1 ft of 
permanent fill.  The surcharging would pre-consolidate the site, which would reduce 
post construction settlements of pavements and utilities.  Otherwise, settlement as 
described above should be accounted for in design. 

 
4. Positive site drainage should be established to handle storm water runoff.  To help 

with this the base course should be extended beyond the limits of the pavement areas 
into ditches or a stormwater management area prior to utility construction. 

 

5. Near surface dredge spoil soils provide poor pavement support and poor drainage.  
We recommend the new parking and roadway pavements be supported on at least 2 ft 
and 3 ft of well-compacted controlled fill, respectively.  

 

6.  If underground utilities will be located in areas containing new fill, they should be 
designed to withstand the predicted settlement or a surcharge program should be 
implemented to pre-consolidate the areas. 

 

7. The existing pavement areas contain about 2 to 4 ft of relatively clean soils.  It 
appears the soils can be reused during construction.  Normal field quality control 
testing should be performed to confirm as for any other fill source. 

 
The primary geotechnical considerations will be subgrade evaluation and stabilization, and fill 
placement and long-term settlement.  Since these are very dependent upon final grades, S&ME 
should be retained to review the final design and specifications. 
 
The following presents our geotechnical recommendations regarding site preparation, subgrade 
stabilization, and pavement recommendations.  During review of these recommendations, it 
should be kept in mind that subsurface conditions will vary between test locations, and, as with 
any previously developed site, unexpected subsurface conditions will be encountered.  These 
variable conditions can normally be handled during construction by field engineering evaluation. 
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Engineering Assessment 

Site Preparation 

Site preparation should begin with establishing positive site drainage to help drain wet areas and 
handle storm water runoff.  Gravity drained surface ditches should be excavated as deep as 
practical and as far in advance of general clearing and grading operations as possible.  If 
sufficient fall is not available, ditches should be tied to sumps and pumped. 
 
Following site drainage improvements, site preparation should continue with the removal of 
unsuitable surface materials.  This should include clearing and grubbing of all vegetation and roots, 
stripping organic laden topsoil, removing or milling asphalt pavements, removing crushed stone, and 
undercutting unsuitable surface soils from the proposed parking and roadway areas.  Stumps and 
taproots should be completely removed from the construction areas, and the resulting voids should 
be backfilled with well-compacted controlled fill. 
 
Prior to fill placement, the exposed subgrade in the proposed parking and roadway areas should 
be evaluated by the Geotechnical Engineer.  This evaluation should include probing and in some 
instances proofrolling with light equipment under the observation of the Geotechnical Engineer.  
Areas that pump or rut excessively should be stabilized or undercut as directed by the 
Geotechnical Engineer.  Undercutting should be observed by the Geotechnical Engineer to 
confirm that all unsuitable materials are removed and that suitable materials are not over-
excavated. 
 
The exploration encountered approximately 15 ft of highly variable, fill at the site.  Where fill 
heights are low, these soils are generally not suitable for pavement support and undercutting will 
be necessary.  Careful subgrade evaluation will be very important, and undercutting portions of 
the site should be expected.  The extent and depth of any undercutting will be dependent on final 
grades, the weather conditions during construction, the aggressiveness of the earthwork 
schedule, site drainage, and the grading contractor’s means and methods.  
 
Stabilization Measures 
 
We recommend the new parking and roadway pavements be supported on at least 2 ft and 3 ft of 
well-compacted controlled fill, respectively.  Depending on final grades, some existing soils will 
need to be undercut and replaced with well-compacted controlled fill.  If the subgrade is 
adequately stable, fill should be placed and compacted as recommended in the “Controlled Fill” 
section of this report.  If the subgrade is only marginally stable, an 18 to 24-inch thick bridge lift 
of relatively dry granular soil should be placed.  The bridge lift should be pushed full depth from 
higher, stable areas over unstable ones using light, tracked equipment.  Highly unstable areas 
may require the use of a geotextile fabric or geogrid and possibly 18 to 24 in. of crushed No. 57 
stone.   
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Settlement 
 
As mentioned previously, we estimate that approximately 2 in. of settlement will occur over the 
next 4 years from the addition of each 1 ft of new fill placed on site.  This could potentially 
cause “potholes” and “birdbaths” within the proposed pavement areas.  Also, grassed areas 
containing new fill could be susceptible to settlements leading to ponded water in these areas.  
Underground utilities should be designed to that they can handle the predicted settlement or the 
following surcharge program should be implemented.   
 
Surcharging 
 
Total post-construction static settlement of the areas requiring over 1 ft of fill can be reduced to 
2 in. or less by surcharging the areas with extra fill (in addition to the fill required for final 
grading). This surcharge embankment will pre-consolidate the underlying dredge spoil. Once the 
soils have consolidated sufficiently, the surcharge can be removed and the site can be 
constructed at the planned grade.  During surcharging, we should perform weekly to bi-weekly 
settlement monitoring to determine when sufficient settlement has occurred.   
 
For areas receiving over 1 ft of new permanent fill, our analysis indicates that a surcharge height 
of 1 ft (in addition to the fill required for final grading) for every 1 ft of planned fill left in place 
for 6 months will reduce total post-construction settlement to 2 in. or less.  Differential 
settlement may be more than half of the total settlement.  Due to the uncontrolled fill, if planned 
fill heights are greater than 4 ft, or if the estimated waiting periods are not feasible for the 
construction schedule, the surcharge height may need to be increased.   
 
The crest of the surcharge should extend a minimum of 10 ft beyond the edge of the proposed 
parking area, where feasible.  If the surcharge fill will be used in other areas as controlled fill, it 
should meet the requirements for controlled fill material. Otherwise, any sandy soil having a 
moist unit weight of at least 110 pcf may be used.  The surcharge fill may simply be dumped and 
spread with a dozer until the required surcharge height is obtained; compaction is not necessary. 
  
To monitor the rate and magnitude of site settlement, settlement plates should be installed within 
the surcharged areas prior to fill placement.  Protection (from any movement) of the settlement 
plates during construction is imperative.  If the settlement plates are disturbed, the data collected 
becomes useless.  Fill soils should be methodically hand placed and compacted in areas above 
and immediately surrounding the settlement plates.  Fill soils should not be dumped in the 
immediate areas of the settlement plates.  Settlement plate locations should be barricaded after 
completion of filling to protect the plates from being disturbed or destroyed.   
 
Upon completion of fill placement, the site should be allowed to consolidate until settlement 
plate data, as interpreted by the Geotechnical Engineer, indicates that the remaining 
post-construction settlement due to the planned fill will be acceptable.  Settlement plate readings 
should be taken weekly to bi-weekly throughout the surcharge period. 
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Wick Drains 
 
Our analysis indicates, a 6-ft triangular wick spacing with no additional surcharge will take 
about 6 months to settle leaving less than 2 in. of long-term settlement.  It should be noted that 
the embankment should be overbuilt by a foot or so to account for the weight of the base course 
and asphalt and settlement that occurs.  This will leave a small amount of fill to be removed after 
settlement has occurred and the site is cut to subgrade.  The wick drains should be installed to a 
minimum depth of 30 ft below the existing ground surface.  A drainage layer of at least 12 in. of 
“clean” sand with no more than 5% fines should be placed prior to wick drain installation. 
 
Bioswale Areas 
 
As previously mentioned, laboratory 200 sieve wash testing was performed in the areas where 
the bioswales were proposed.  The soils encountered had a percent finer than the 200 sieve of 81 
to 96 %.  Based on our experience with similar soils, the soils at this site are not “freely 
draining” and infiltration rates would likely be less than 0.25 in./hr.  Based on conversations 
with SWA, typically a design value of 1.5 in/hr or higher is needed to get positive results on the 
infiltration calculations.  Therefore, no other analysis or testing was performed for the bioswale 
areas. 
 
Excavations   
 
The majority of the excavations required for this project will be in uncontrolled dredge spoil.  It 
is extremely important that all excavations be sloped or shored in strict compliance with the most 
recent local, state, and federal governing regulations including OSHA (29 CFR Part 1926) 
excavation trench safety standards.   
 
Stockpiles should be placed well away from the edge of the excavation and their height should 
be controlled so they do not surcharge the sides of the excavation.  The responsibility for 
excavation safety and stability of temporary construction slopes and shoring should lie solely 
with the contractor.  This information is provided only as a service and under no circumstance 
should we be assumed responsible for construction site safety. 
 
Controlled Fill 
 
Controlled fill material should be cohesionless soil containing no more than 15% fines (material 
passing the No. 200 sieve) by weight and having a maximum dry density of at least 105 pcf as 
determined by a laboratory modified Proctor compaction test (ASTM D 1557).  The soil should 
be relatively free of organics, deleterious matter, and elongated or flat particles susceptible to 
degradation.  All fill should be placed in uniform lifts of 10 in. or less (loose measure) and 
compacted to at least 95% of the modified Proctor maximum dry density.    
 
Fill placement should be observed by a qualified Materials Technician working under the direction 
of the Geotechnical Engineer.  In addition to this visual evaluation, the Technician should perform a 
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sufficient amount of in-place field density tests to confirm that the required degree of compaction is 
being attained. 
 
The existing fill soils in the wooded dredge spoil area and the grassy areas around the site are not 
suitable for use as controlled fill.  These soils should be undercut from the pavement areas where 
necessary and at least 10 ft beyond the pavement limits.  Undercut soils should be disposed of off 
site or in landscaped areas. 
 
The soils in the top 2 to 4 ft under the existing pavements appear to be suitable as controlled fill.  
Test must be run at the time of construction to check their suitability. 
 
Pavement Design Recommendations 
 
We have performed pavement design analyses for new flexible asphalt pavements using the 
AASHTO Guide for Design of Pavement Structures and associated literature. The pavements 
may be supported on new well-compacted controlled fill provided our site preparation, subgrade 
stabilization, and controlled fill recommendations are followed.   
 
Based on our experience, local well-compacted controlled fill will provide a California Bearing 
Ratio (CBR) of at least 10 percent; therefore, 10 percent was used in our pavement design.  This 
CBR value should be confirmed with laboratory testing during construction.   
 
Traffic data was not provided.  We assume the parking areas will be subject to automobiles and 
an occasional heavy truck or tour bus.  Roadway areas will be subjected to car and heavy bus 
traffic.  The roadway and bus parking areas should have at least 3 ft of well-compacted 
controlled fill, and the car parking areas should have a minimum of 2 ft of well-compacted 
controlled fill.  Our recommended minimum pavement section for the proposed parking and 
roadway areas is shown in the following table.  
 
 
 

FLEXIBLE PAVEMENT RIGID PAVEMENT  
MATERIAL Roadways/ 

Bus Parking
Car Parking 

Areas 
Heavy 
Duty 

Standard 
Duty 

Asphaltic Concrete Surface 
Course (SCDOT Type C) 

3 in. 2 in. - - 

Graded Aggregate Base 
Course (marine limestone) 

8 in. 6 in. - - 

Portland Cement Concrete 
(f’c = 4000 psi) 

- - 6 in. 5 in. 

Controlled Fill 3 ft 2 ft 3 ft 2 ft 
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Based on our analysis, the recommended roadway pavement section has an allowable traffic 
volume of about 1,825,000 ESAL1 over a 15-year design life.   
 
Subgrade evaluation and stabilization should be performed according to the recommendations 
previously discussed.  The new graded aggregate base course should be compacted to at least 
100% of the maximum dry density as determined by the modified Proctor compaction test 
(ASTM D 1557).  To confirm that the base course has been uniformly compacted, in-place field 
density tests should be performed by a qualified Materials Technician and the area should be 
methodically proofrolled under their evaluation.  The thickness should not be deficient in any 
area by more than ½ in.  The asphalt pavement thickness should not be deficient by more than 
¼ in. in any area. 
 
A rigid pavement section is recommended in loading areas such as trash dumpsters.  We also 
recommend rigid pavements be used in areas subjected to repeated lateral loading (turning, 
stopping, starting) such as any bus drop off areas.  
 
All materials and workmanship should meet the minimum requirements of South Carolina 
Department of Transportation’s (SCDOT) Standard Specifications for Highway Construction, 
2007 Edition. 
 
The performance of pavements will be dependent upon a number of factors including subgrade 
conditions at the time of paving, rainwater runoff, and traffic.  Adequate drainage of the 
pavement subgrade will be critical to pavement performance, as accumulation of water in the 
subgrade soils and pavement base course will significantly decrease the useful life of the 
pavement.  Finished grades of the pavement should be higher than the surrounding grades, and 
the base course should be extended beyond the pavement to the drainage areas to prevent water 
from pooling in the pavement base materials.  Landscaping islands should be designed so that 
they do not pond water. 
 
Pavement design typically has relatively low factors of safety; therefore, it will be very 
important that the specifications are followed closely during pavement construction.  Our 
analysis was based on a 15-year design life; however, some isolated areas could require repair in 
a shorter period of time. 
 
Recommendations for Each Development Area on Site 
 
Refer to the Test Location Plan in the Appendix for the approximate location of each area. 
 
Area 1 
 
Area 1 is the location of the proposed general admission parking and entrance road.  Currently 
the area is a wooded undeveloped dredge spoil pit.  Planned fill heights of up to 2½ ft are 

                                                           
1  Equivalent 18-kip single axle load.  For example, a legally-loaded tandem axle tractor-trailer has an ESAL of up 
to 2.5, while a passenger car has an ESAL of approximately 0.0002 
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planned to bring this area up to final grade.  The planned fill will induce up to 5 in. of settlement. 
The predicted settlement should be allowed to occur before paving.  This could be accomplished 
with the use of wick drains or a surcharge of 2½ ft. The roadway areas should have at least 3 ft 
of well-compacted controlled fill, and the car parking areas should have a minimum of 2 ft of 
well-compacted controlled fill.   
 
Area 2 
 
Area 2 is the proposed bus drive through and parking area.  It is currently occupied by a portion 
of the wooded area and the existing old Patriots Point Road, and the existing employee and bus 
parking areas.  The area will require less than 1 ft of new fill to bring it up to planned grade; 
therefore, no remedial action is required for the existing pavement areas.  If no new fill is 
required in the existing pavement areas, the pavement can be overlaid.  If fill is required or the 
pavement is not reused, pavements should be completely removed from the area before filling.  
In areas without existing pavement, dredge spoil soils should be undercut so that at least 3 ft of 
well-compacted controlled fill will be in the roadways and bus parking areas, and the car parking 
areas should have a minimum of 2 ft of well-compacted controlled fill.   
 
Area 3 
 
Area 3 is the future grass parking area.  This area is currently occupied by the northwestern 
portion of the wooded area and a portion of the existing Patriots Point Road.  Fill heights will be 
up to 3 ft in this area.  Since no buildings or pavements are planned for the area, it is not 
necessary to wick or surcharge.  There are existing utilities in the area that will be overlaid by 
the fill.  They must be relocated.  It should be noted that the area will continue to gradually settle 
up to about 6 in. with time (years).  As such, maintenance may be needed from time to time to 
fix depressions that may develop.   
 
Area 4 
 
Area 4 is planned to be a grassed area for future development.  The area is presently occupied by 
general admission parking and a grassy knoll between the parking area and the old Patriots Point 
Road.  Based on the grading plan, the existing parking lot will be cut up to 3 ft.  The soils 
removed from this area appear to be suitable for use as controlled fill.  During removal of these 
soils, a layer of at least 6 in. of well compacted controlled fill should be left over the dredge 
material to provide a more stable surface.  Since there are no immediate plans for pavements or 
buildings in this area, there is no need to wick or surcharge.  It should be noted that the area will 
continue to gradually settle with time (years).  As such, maintenance may be needed from time to 
time to fix depressions that may develop.   
 
Area 5 
 
Area 5 is the location of the proposed new museum building.  It is currently occupied by 
temporary office space, parking and drive areas, and some grassy areas.  Final floor elevations 
for the planned building will be approximately 2 ft above the existing ground surface.  The 
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Patriots Point Parking Lot Redesign
Mt. Pleasant, SC

S&ME Project No: 1131-09-139

Apr. 21, 2009

Gyrotrac/A. Feix

10.1 ft
Target Depth

SBTBq
MAI = 5

Total Depth:
Termination Criteria:
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Page 1 of 1

Date:
Estimated Water Depth:

Rig/Operator:

C-16Cone Penetration Test
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Page 1 of 1

Date:
Estimated Water Depth:

Rig/Operator:

Apr. 21, 2009

Gyrotrac/A. Feix

48.2 ft
Target Depth

S&ME Project No: 1131-09-139

Patriots Point Parking Lot Redesign
Mt. Pleasant, SC

C-17

Cone Penetration Test C-17



ASPHALT= 1 INCH
BASE COURSE= 3 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

- - - separation fabric

FILL: CLAYEY SILT (CL)
dark bluish gray, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-1

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 1 INCH
BASE COURSE= 5 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

- - - separation fabric

FILL: CLAYEY SILT (CL)
dark bluish gray, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-2

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 1.25 INCHES
BASE COURSE= 4.75 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
dark bluish gray, fine, moist; with clay nodules and chell

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-3

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  2

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



HAND AUGER BORING TERMINATED AT 4.5 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-3

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  2  of  2

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 1.75 INCHES
BASE COURSE= 4.25 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
dark bluish gray, fine, moist; with clay nodules and shell
- - - separator fabric

FILL: CLAYEY SILT (CL)
dark bluish gray, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-4

NOT ECNOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 2.5 INCHES

BASE COURSE= 5.5 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
brown to dark brown organic stained, fine, moist; with trace

organics

FILL: CLAYEY SILT (CL)
bluish gray, saturated

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-5

3.51 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 3 INCHES

CONCRETE= 1.5 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown and gray, fine, moist; with shell

FILL: CLAYEY SILT (ML)
blusih gray, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-6

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 2.5 INCHES

BASE COURSE= 3.5 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
brown to dark brown organic stained, fine, moist; trace

organics

FILL: CLAYEY SILT (CL)
bluish gray, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-7

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 3 INCHES

BASE COURSE= 5 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
dark grayish brown, fine, moist

FILL: SAND (SP)
bluish gray, fine, saturated

FILL: SILTY SAND (SM)
dark brown, organic stained, fine, saturated

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-8

3 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 3 INCHES

BASE COURSE= 9 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
bluish gray, fine, moist; with shell

FILL: CLAYEY SILT (CL)
dark bluish gray to black, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-9

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 3 INCHES

BASE COURSE= 9 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
bluish gray, fine, moist; with shell

FILL: SILTY SAND (SM)
dark brown, fine, moist; with crushed stone and organics

- - - separation fabric

FILL: CLAYEY SILT (CL)
dark bluish gray to black, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-10

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 3.5 INCHES

BASE COURSE= 8.5 INCHES

FILL: SILTY SAND (SM)
gray, fine, moist; with shell

HAND AUGER BORING REFUSAL AT 2 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-11

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ASPHALT= 2.5 INCHES

BASE COURSE= 3.5 INCHES

FILL: SLIGHTLY SILTY SAND (SP-SM)
light brown, fine, moist; with shell

FILL: SILTY SAND (SM)
gray, fine, moist; with shell

FILL: CLAYEY SILT (CL)
dark bluish gray to black, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: B-12

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

M. EICHELBERGER

6/19/09 6/19/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SAND (SP)
gray, fine, dry
POSSIBLE FILL: SILTY SAND (SM)
tan/gray, fine, dry; with shell fragments

- - - tan, moist; with shell and clay

POSSIBLE FILL: SANDY CLAY (CL)
brown/gray, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-1

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/29/09 4/29/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SILTY SAND (SM)
gray, fine, dry; with gravel and organics

- - - brown, moist

POSSIBLE FILL: SANDY CLAY (CL)
brown and gray, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-2

3.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/28/09 4/28/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SAND (SP)
gray/brown, fine, dry
POSSIBLE FILL: SILTY SAND (SM)
light brown, fine, moist; with some shell

POSSIBLE FILL: CLAYEY SAND (SC)
brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
gray and brown, fine, moist

- - - saturated

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-3

3.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/29/09 4/29/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 3 INCHES

POSSIBLE FILL: SILTY SAND (SM)
brown, fine, moist

- - - gray/brown, loose, moist; with some shell

CLAYEY SAND (SC)
brown, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-4

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/27/09 4/27/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SAND (SP)
gray, dry; with shell and organics
POSSIBLE FILL: SILTY SAND (SM)
gray, fine, dry; with shell

POSSIBLE FILL: CLAYEY SAND (SC)
gray/brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
gray/brown, fine, moist

POSSIBLE FILL: SILTY SAND (SM)
brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
brown, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-5

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/28/09 4/28/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 3 INCHES

POSSIBLE FILL: SILTY SAND (SM)
tan/brown, fine, moist; with shell

POSSIBLE FILL: CLAYEY SAND (SC)
brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
gray/brown, fine, moist

- - - saturated

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-6

3.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/28/09 4/28/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 2 INCHES

POSSIBLE FILL: CLAYEY SAND (SC)
brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
brown, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-7

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/28/09 4/28/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: CLAYEY SAND (SC)
brown, fine, moist; with trace organics
- - - no organics

POSSIBLE FILL: SANDY CLAY (CL)
gray and brown, fine, moist

- - - saturated

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-8

3 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A

TI
O

N
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G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A
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R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/29/09 4/29/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SILTY SAND (SM)
brown, fine, moist; with trace organics

- - - light brown; no organics

POSSIBLE FILL: CLAYEY SAND (SC)
brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
gray/brown, fine, moist

- - - saturated

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-9

3.8 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
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G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A
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R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/27/09 4/27/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SAND (SP)
light reddish brown, fine, moist

POSSIBLE FILL: SANDY SILT (ML)
dark gray to reddish brown mottled, fine, saturated

- - - fc= 91%

- - - gray

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-10

1.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
LE

V
A
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O
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G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SANDY SILT (ML)
dark gray to reddish brown mottled, fine, moist

- - - dark gray, saturated; fc= 81%

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-11

3 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
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V
A
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O

N

LO
G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 1 INCH
POSSIBLE FILL: SANDY SILT (ML)
dark gray to grayish blue, saturated; with decaying roots

- - - dark gray; fc= 81%

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-12

1 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1
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HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 2 INCHES

POSSIBLE FILL: SILTY SAND (SM)
tan/brown, fine, moist

POSSIBLE FILL: CLAYEY SAND (SC)
brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
gray/brown, fine, moist

POSSIBLE FILL: SILTY SAND (SM)
gray, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
brown/gray, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-13

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:
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HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A
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R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/29/09 4/29/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 3 INCHES

POSSIBLE FILL: SILTY SAND (SM)
tan/brown, fine, moist

POSSIBLE FILL: SANDY CLAY (CL)
dark gray, fine, moist

- - - gray

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-14

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1
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G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/29/09 4/29/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= I INCH
POSSIBLE FILL: SILTY SAND (SM)
reddish brown to brown, fine, moist

POSSIBLE FILL: SAND (SP)
light yellowish brown, fine, moist

POSSIBLE FILL: SANDY SILT (ML)
light gray to reddish brown mottled, moist, fine

- - - saturated

- - - gray; fc= 85%

- - - dark gray

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-15

2.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1

E
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G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



POSSIBLE FILL: SANDY SILT (ML)
dark brownish gray, fine, moist

- - - reddish brown to gray mottled; saturated

- - - dark gray

- - - fc= 96%

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-16

1.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P

H
IC

D
E

P
TH

NOTES:

Page  1  of  1
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G

HAND AUGER

MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 3 INCHES

POSSIBLE FILL: CLAYEY SAND (SC)
brown, soft, fine, moist

POSSIBLE FILL:SANDY CLAY (CL)
gray/brown, fine, moist

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: C-17

NOT ENCOUNTERED AT TIME OF BORING

PERFORMED BY:

LE
V

E
L
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R

A
P
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E
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TH

NOTES:
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MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A

TE
R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

N. DUNCAN

4/29/09 4/29/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 1 INCH
POSSIBLE FILL: SILTY SAND (SM)
reddish brown, fine, moist

POSSIBLE FILL: SANDY SILT (ML)
light gray, fine, moist

- - - gray, saturated

- - - fc= 88%

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: HA-1

2.5 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
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G
R

A
P
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P
TH

NOTES:
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MT. PLEASANT, SOUTH CAROLINA

DATE FINISHED:

W
A
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R

PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:



ORGANIC LADEN TOPSOIL= 1 INCH
POSSIBLE FILL: SANDY SILT (ML)
reddish brown to gray mottled, fine, moist

- - - saturated

- - - dark gray; fc= 90%

HAND AUGER BORING TERMINATED AT 4 FEET.

620 WANDO PARK BLVD.

(fe
et

)
HAND AUGER BORING LOG: HA-2

1 FEET AT TIME OF BORING

PERFORMED BY:

LE
V

E
L

G
R

A
P
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IC

D
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P
TH

NOTES:
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DATE FINISHED:
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PENETRATION RESISTANCE

1131-09-139

DATE STARTED:

DYNAMIC CONE

MOUNT PLEASANT, SOUTH CAROLINA

R. BOLLER

fc= fines content4/23/09 4/23/09

1

2

3

4

WATER LEVEL:

PATRIOTS POINT PARKING LOT REDESIGN

(ft
)

SAMPLING METHOD:

MATERIAL DESCRIPTION

PROJECT:
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