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Dear Ms. Magee: 

 

As requested, Pennoni performed a field exploration to establish the existing fill characteristics, the 

presence and extent of voids and loose material, and to determine the type and extent of fill 

replacement required in the affected sheet pile cells and connecting arcs.  Holes in the sheeting of 

the cofferdams and arches lead to the erosion of subsoils and corresponding voids and collapse of 

the apron.  

 

Following is a report of our findings and recommendations for stabilizing the soil fill below the apron. 

 

LOCATION AND SURFACE FEATURES 

 

The site is located within the Tioga Marine Terminal in Philadelphia, Pennsylvania.  The failing 

concrete slab on grade serves as a loading pad at the Tioga 1 Wharf.  The total length of the wharf is 

approximately 3160 ft and traverses in the northeasterly/southwesterly direction.  The surface slab 

failure is located within cofferdam Number 28, which corresponds to current wharf stationing 15+25.  

Defects were also observed in the steel sheet piling during a dive study completed by S.T. Hudson 

Engineers Inc., as a subconsultant of Pennoni, of cofferdam Number 34 which corresponds to the 

approximate current warf stationing of 18+225.  The areas of interest are bound on the east by a 

substation followed by the Betsy Ross Bridge, on the south by the Delaware River, on the west by 

Kinder Morgan Terminals followed by General Pulaski Park, and on the north by a long rectangular 

storage building followed by North Delaware Avenue. 

 

The topography of the site is relatively flat.  Evidence of below ground utilities was not observed on 

the project site. 
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OBJECTIVES 

 

Our objectives were to establish the existing fill characteristics, the presence and extent of voids and 

loose material, and present conclusions and recommendations regarding stabilizing voids and/or soft 

subsoils encountered within the cofferdams and connecting arches. 

 

FIELD WORK 

 

On October 31, 2016, four borings were drilled by Sano Drilling, Inc.  The boring locations were 

selected and established in the field by Pennoni personnel; the approximate locations are shown on 

the Boring Location Plans, Drawings No. LP-1 and LP-2.  Sampling was performed in general 

accordance with ASTM D 1586.  The boring logs and location plans are attached.   

 

Our D. Marano, PE directed the field work; our D. Copeland, EIT, observed the field operations.    

 

LAB WORK 

 

The soil samples collected during our fieldwork were delivered to our laboratory.  Representative 

soil samples were selected and tested to determine moisture contents, plasticity indices and 

gradation characteristics of the subsoils.  Laboratory testing results and a list of testing procedures 

are presented in Appendix B. 

 

GEOLOGY 

 

The project site is located within the Lowland and Intermediate Upland section of the Atlantic Coastal 

Plain Province.  The dominant topographic features of this section include very low local relief and a 

flat upper terrace surface cut by narrow, steep-sided to open valleys, shallow valleys; includes the 

Delaware River floodplain.  The underlying subsurface material types consist of unconsolidated to 

poorly consolidated sand and gravel deposits, underlain by very complex, faulted and folded schist, 

gneiss, and other metamorphic rocks. 

 

Available geological data indicates that the subject site is underlain by the Trenton Gravel Formation 

which is subsequently underlain by the Wissahickon Formation.  The Trenton Gravel Formation 

consists of gray to pale-reddish brown, very gravelly sand with interbedded and crossbedded sand 

and clay-silt layers. 

 

The Wissahickon Formation consists of a coarsely crystalline, excessively micaceous schist.  

Fracturing results in a well developed, platy pattern.  This Formation is fissile to thinly bedded, 

moderately resistant to weathering, and often highly weathered to a moderate depth (10 to 15 ft). 
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SUBSOILS 

 

The borings disclosed a concrete layer at the surface which ranged in thickness from 8 to 18 inches.  

The concrete was underlain by 34 to 40 in. of processed aggregate in Borings B-1 and B-2.  A fill layer 

was encountered below the surface layer and processed aggregate, where encountered; the fill layer 

ranged from 11.5 to 14 ft thick.  The subsoils encountered in the test borings, including the fill, have 

been grouped by us into four principal strata based on their engineering properties and our 

interpretation of their origin. Brief strata descriptions are presented below. 

 

STRATUM    DESCRIPTION 

 
F FILL: Fine to medium to coarse SAND, with varying amounts of Silt 

and coarse to fine Gravel size Rock Fragments; very loose to very 

dense 

 

1 Fine to medium to coarse SAND with varying amounts of fine to 

coarse Gravel size Rock Fragments and Silt; very loose to very dense 

 

2 Coarse GRAVEL and COBBLES with trace amounts of F Sand; very 

dense 

 

3 CLAY with trace amounts of F Sand; very stiff 

 

 

FINDINGS 

 

The first attempt to advance boring B-1 was terminated at a depth of 16 in. below existing grade.  

The auger cuttings disclosed concrete fragments, which may be an indication that an obstruction or 

possible foundation is present in the vicinity.  Boring B-1 was offset 2 ft to the north and advanced 

to a depth of 50 ft.  Boring B-3 was advanced and sampled to auger refusal which occurred at 2.5 ft 

below existing grade.  Refusal at this location was indicative of a steel obstruction.  All borings 

disclosed a granular fill layer underlying the surface concrete and stone layers (where encountered), 

to depths ranging from 13 to 18 ft below existing grade; Standard Penetration Test (SPT) N Values 

indicate that the fill has a relative density that varies from “very loose” to “very dense”.  The fill was 

underlain by fine to medium SAND to depths ranging from 43 to 50 ft below existing; SPT N Values 

indicate that the Stratum 1 soils have a relative density that varies from “very loose” to “very dense”.  

Stratum 1 was underlain by coarse GRAVEL and COBBLES in boring B-2; SPT N Values indicate that 

the relative density of the Stratum 2 soils are very dense.  Stratum 1 was underlain by CLAY in Borings 

B-1 and B-3A; SPT N values indicate that the Stratum 2 soil has a consistency that is “very stiff”. 

 

Groundwater was encountered in the borings a depth of 10 ft below the concrete slab. 
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CONCLUSIONS AND RECOMMENDATIONS 

 

Based on the data disclosed in the borings, and our experience, it is our professional opinion that the 

subsoils within the cofferdam and arches can be improved by one of or a combination of ground 

modification methods consisting of vibro compaction, compaction grouting and/or jet grouting.  

These options were discussed with the design team, and it is our opinion that the most feasible and 

cost effective approach of stabilizing the subsoils consists of a combination of jet grouting and 

compaction grouting.  Jet grouting performed immediately adjacent to the steel sheet piling 

inherently applies lower pressures to the sheets and will create a barrier and seal the outer areas 

that will allow for the inner section of the cofferdams to be stabilized by compaction grouting.  This 

combined process will consolidate the very loose to medium dense soils and fill any voids that may 

still be present near the holes in the sheeting.  A preliminary stabilization plan has been developed 

and is presented under separate cover.   

 

Jet grouting (replacement) is a grouting technique that creates in situ grouted soils.  The technique 

that used high-speed water jets from a drill bit to erode into subsoils; as the drill bit is withdrawn, 

grout is pumped through horizontal nozzles and mixes with or displaces the soils.  The jets erode and 

mix the in-situ soil as the drill stem and jet grout monitor are rotated and raised.  The original 

soft/loose soils are replaced with a stronger and/or more impermeable grout-soil mixture.  

Depending on the application and soils to be treated, one of three variations is used: the single fluid 

system (slurry grout jet), the double fluid system (slurry grout jet surrounded by an air jet) and the 

triple fluid system (water jet surrounded by an air jet, with a lower grout jet). The jet grouting process 

constructs a range of elements from grout-soil panels to full grout columns.  The injection points 

should be established within the arcs upstream and downstream of sheet pile cells 28 and 34 and 

within the eastern (waterrside) half inner circle of the cells.  Anticipated depth of grout pipes is 

expected to be about 45 to 50 ft below existing grades.  The jet grouting should be completed in the 

presence of a representative of Pennoni.   

 

Compaction grouting consists of injecting a low slump sand, cement, and fly ash (optional) mix into 

the subsoils at a pressure about 300 to 400 psi, in this case only near the center of the cofferdam 

(landside), or at a pressure on the order of 200 to 250 psi in areas near the steel sheet piling (water 

side).  The objective of compaction grouting is to fill voids and improve the consistency/density of 

soft/loose soils thereby re-establishing uniform bearing conditions and minimize the potential for 

long-term subsidence.  Temporary casings are installed by drilling them into firm/dense subsoils and 

then withdrawing the casing in 1 to 2 ft increments as the grout is injected by pumping at a 

predetermined pressure.  The pipes are withdrawn to the next increment when any of the criteria 

presented below are met:  

 

• 1.0 to 1.5 cubic yards of grout per 2 ft increment are injected; 

• ground heave is observed; 

• a predetermined pressure at the injection point is observed; 

• grout exits the ground through cracks in the soil or around the pipes; or 

• structural movement is observed. 

 

The injection points should be established within the sheet pile cells 28 and 34.  Anticipated depth 

of grout pipes is expected to be about 45 to 50 ft below existing grades.  The compaction grouting 

should be completed in the presence of a representative of Pennoni. 
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EARTHWORK 
 

Before the placement of new fills, and slabs, existing concrete and bituminous concrete must be 

removed from within the proposed footprint.  Pavement millings and concrete can be re-used in load 

bearing fills provided there are no associated environmental issues and the material is crushed so 

that largest particle size does not exceed a diameter greater than 3 inches.   

 

Exposed subgrades should be thoroughly proof-rolled, in the presence of a representative from 

Pennoni, using a loaded dump truck or equivalent where space allows.  Where space is limited, 

subgrade soils should be manually probed in an attempt to disclose unstable surface areas.  Any 

unsuitable area found should be excavated and replaced with suitably compacted fill, or the unstable 

soils should be stabilized by adjusting the moisture content of the subgrade soils and compacting 

them, or stabilized by other methods (placing a geotextile and stone layer, etc.). 

   

Visual observations and laboratory testing indicate that the near surface fills consist of 

predominantly granular soils.  The laboratory test results indicate that the present moisture contents 

(6.2% to 8.5%) of the soils are near the optimum moisture content normally associated with these 

soils to achieve the desired degree of compaction.  Adjusting the moisture contents of the 

encountered soils before use in any compacted fills and/or subgrade preparation may be required.  

We recommend that grades preventing the accumulation of water be maintained including leaving 

the subgrade higher than design prior to placing concrete. 

   

Granular fills should be placed in layers not exceeding 10 to 12 in. loose thickness.  This criterion may 

be adjusted by the Geotechnical Engineer in the field depending on the conditions present at the 

time of construction, on the compaction equipment used, and on the fill material selected.  Fills for 

support of the slabs and pavements should be compacted to at least 95 percent of the laboratory 

determined maximum dry density, ASTM D 1557.   

  

Specifications should indicate that the percentage of maximum dry density attained in the field is 

not the only criteria to be used for assessing fill compaction.  Observation of the behavior of the fill 

under the loads of construction equipment should also be used.  If the test results indicate that the 

percentage of compaction is being achieved, but the soil mass is moving under the equipment, 

placement of additional fill should not be continued until the movement is stabilized.  Otherwise, 

settlement of the fill may occur. 

 

CONSTRUCTION DIFFICULTIES 

 

Although there are existing splash zone repairs and additional mudline repairs that will occur prior 

to the grouting operations, there is a potential for grout to leak through the sheeting at unforeseen 

holes between the upper and lower repairs.  Also, even though the previous full height inspection of 

the sheeting found no problem areas it is recommended that Ultrasonic Tests (UT) be performed 

before the jet grouting occurs in order to detect any significant loss of section at the sheeting due to 

corrosion.  In addition, it is recommended that divers be in the water during the initial stage of jet 

grouting performed immediately adjacent to the steel sheet piles to detect leaks and for at least 25% 

of the remaining jet grouting operations for the same reasons. 
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RECOMMENDATIONS FOR FURTHER GEOTECHNICAL SERVICES 

 

Our experience on numerous construction projects is that the interests of the project team are best 

served by retaining the Geotechnical Engineer to provide construction observations during 

earthwork and foundation construction operations.  To determine if soils, other materials, and 

ground water conditions encountered during construction are similar to those encountered in the 

borings, and that they have comparable engineering properties or influences on the design of the 

structures, we recommend that Pennoni should provide field observation services during excavation; 

construction of compacted fill; preparation of slabs, and pavement subgrades; and 

installation/construction of foundations, slabs, and pavements.  

 

LIMITATIONS 

 

This work has been done in accordance with our authorized scope of work and in accordance with 

generally accepted professional practice in the fields of geotechnical and foundation engineering.  

This warranty is in lieu of all other warranties either expressed or implied.  Our conclusions and 

recommendations are based on the data revealed by this exploration.  We are not responsible for 

any conclusions or opinions drawn from the data included herein, other than those specifically 

stated, nor are the recommendations presented in this report intended for direct use as construction 

specifications.  This report is intended for use with regard to the specific project described herein; 

any changes in loads, structures, or locations should be brought to our attention so that we may 

determine how they may affect our conclusions.  An attempt has been made to provide for normal 

contingencies but the possibility remains that unexpected conditions may be encountered during 

construction.  If this should occur, or if additional or contradictory data are revealed in the future, 

we should be notified so that modifications to this report can be made, if necessary.  If we do not 

review relevant construction documents and witness the relevant construction operations, then we 

cannot be responsible for any problems that may result from misinterpretation or misunderstanding 

of this report or failure to comply with our recommendations. 

 

We trust that the information presented in this report is what you require at this time and we thank 

you for the opportunity to assist you with this project.  If you have any questions, or if you need any 

further assistance with this project, please contact this office at your earliest convenience. 

 

Respectfully yours, 

 

PENNONI ASSOCIATES INC. 

 

 

 

David A. Copeland       Daniel P. Marano Jr., PE 

Graduate Engineer       Staff Engineer 

 

Attachments: Boring Log, B-1 through B-4; Boring Location Plans, LP-1 and LP-2; Boring Log Key 

Sheet; Summary of Laboratory Test Data, Table L-1; Gradation Curves, Figure S-1 and S-2; Laboratory 

Testing Procedures; Important Information about This Geotechnical Engineering Report   
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