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landmark.  The granary was observed to be a two-story, timber-framed structure with a crawl 
space.  A dry stacked rock foundation was observed along the interior of the southern wall and 
along a bisecting interior wall, extending east to west.  A concrete foundation was observed from 
the interior of the crawl space under the north wall. It also appears that the sills had been 
replaced, and the walls had been shimmed in the past.  The majority of the wood near the ground 
surface was observed to be damaged or decayed. 
 
 A sketch from Gredell & Associates, dated March 13, 2009, indicates that the existing 
granary is likely supported by timber beams that extend in the east to west direction.  The timber 
beams appear to be supported by rubble masonry walls and rubble masonry piers spaced 
approximately 12 feet on-center.  
      
Geologic Information 

According to the Geological Map of Maryland, Kent County (1968), prepared by the 
Maryland Geological Survey (MGS), the area is situated in the Coastal Plain Physiographic 
Province.  The Coastal Plain is characterized by undifferentiated and inter layered sedimentary 
deposits derived from eroded and transported rock formations to the north and west.  
Specifically, the site is underlain by the Pleistocene Age Lowland Deposits Formation consisting 
of gravel, sand, silt and clay commonly containing glaucinite, and varicolored silts and clays, 
usually dark brown to gray lignitic, silt, and clay.  According to the referenced geologic map, the 
Lowland Deposits Formation is found at the ground surface to 150 feet thick in the site area.   

 
According to the U.S. Department of Agriculture (USDA), Soil Conservation Service 

(SCS) Soil Survey of Kent County, Maryland (1982), the soils underlying the site are generally 
mapped as the Sassafras Series.  The Sassafras Series soil is described as strong sloping deep 
well drained soils. Refer to the publications for more detailed information. 
 
Subsurface Exploration 

The field exploration consisted of drilling Standard Penetration Test (SPT) borings at 3 
locations, designated as B-1 through B-3, in the vicinity of the existing granary.  The test borings 
were drilled April 13, 2009, to depths ranging from 25 to 30 feet below the existing ground 
surface using an ATV-mounted CME 550X drill rig, equipped with hollow stem augers and an 
automatic hammer.  On April 16, 2009, GTA returned to the site to observe the exploration of 
supplemental test pits.  Three test pits, designated TP-1 through TP-3, were excavated using a 
JCB 3CX backhoe. The test pits were excavated adjacent to the existing structure and extended 
approximately 6 feet below the ground surface.  The boring and test pit locations were field 
selected by GTA, with the approximate locations indicated on the Exploration Location Plan, 
Figure 3.  Elevations provided on the boring and test pit logs were interpolated from contours 
shown on the referenced USGS Topographic Quad and should be considered approximate. 
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Standard Penetration Testing was performed in the boreholes, with soil samples obtained 
continuously in the upper 10 feet and then at 5-foot intervals thereafter.  Standard Penetration 
Testing involves driving a 2-inch O.D., 1⅜-inch I.D. split-spoon sampler with a 140-pound 
hammer free-falling 30 inches.  The SPT N-value, given as blows per foot (bpf), is defined as the 
total number of blows required to drive the sampler from 6 to 18 inches.  

 
Detailed descriptions of the encountered subsurface conditions are indicated on the 

individual boring and test pit logs, which are attached.  The soil samples retrieved from the 
borings and test pits were brought to GTA’s laboratory for visual classification by laboratory 
personnel.  The soil descriptions indicated on the logs are based on visual observations of the 
individual soil samples.  The classification system and graphic symbol legend, which accompany 
the exploration summary logs, are attached to this letter. 
 
Subsurface Conditions 

The borings typically encountered 2 inches of asphalt at the ground surface.  Underlying 
the asphalt, fill materials visually classified as silty sand, sandy silt, sandy lean clay, and clayey 
sand with varying percentages of gravel, brick, shells, and wood, were encountered to depths of 
7 to 18 feet below the existing grades.  Underlying the fill materials, natural soils, visually 
classified as silty sand, lean clay, clayey sand, and poorly-graded sand with silt, were 
encountered.  A layer of organic soil and possibly a timber mat or grillage was generally 
encountered at the fill/natural soil interface.  Refer to the boring and test pit logs for detailed 
information. 

 
Uncorrected SPT N-values for the fill materials ranged from weight of hammer (WOH) 

to 68 blows per foot (bpf), indicating that the fill materials were highly variable.  The higher N-
values are likely due to obstructions in the fill and are not believed to be indicative of the actual 
in-situ consistency.  The SPT N-values for the natural materials ranged from WOH to 12 bpf, 
indicating these soils are generally loose.  

 
Groundwater was encountered at depths of 2½ to 4 below the ground surface. The holes 

were backfilled at the end of the day for safety considerations.  The water levels are likely 
commensurate with the adjacent creek and will fluctuate several feet with the tide. 

 
The test pits were excavated adjacent to the existing structure to observe the subsurface 

conditions and evaluate the type and depth of the existing footings for the building.  Test Pits TP-
1 and TP-3 encountered what appeared to be concrete deadmen for the bulkheads at 
approximately 12 inches below the existing grades.  The concrete was observed to be 
approximately 3 feet below the existing grades.  It appears that the north wall and portions of the 
east wall were resting on the concrete deadmen.  Test Pit TP-2 was extended 4 feet below the 
existing grades and encountered fill materials throughout the excavation.  No foundation wall or 
footing were observed in this location.  Test Pit TP-3 encountered a rubble stone masonry 
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foundation wall that extended approximately 2 feet below the existing grades.  Fill materials 
visually classified as silty sand with wood, shells, brick and gravel, were encountered to the 
termination depth in each of the test pits.  The test pits were terminated at relatively shallow 
depths and backfilled immediately due to the sidewalls collapsing.   

 
Conclusions and Recommendations 

Based on the existing grades, it appears that Turner’s Creek Road, where it approaches 
the granary and wharf, was excavated or dredged, and the spoils were used as fill materials 
behind the bulkhead.  Based on our borings, up to 18 feet of fill were placed to achieve the 
present grades behind the bulkhead. During our exploration, wood and organic soils were 
observed at or near the fill/natural soil interface.  Typical construction practices on or near water 
during this era were to place timber grillages for stabilization before placing fill.  It appears that 
this construction method was used based on the amount of wood encountered. 

 
Currently, it is assumed that the granary framing is supported along Wall Lines A, B, C, 

D, and E, as shown on the sketch provided by Gredell & Associates.  The foundation appears to 
be rubble stone masonry walls and piers under most of the wall lines, with the exception of Wall 
Line A.  The framing appears to rest on the concrete deadman in this area.  Also, a concrete 
deadman appears to be adjacent or under Wall Line 4.   
 
 We understand that in order to restore the granary building, temporary shoring of the 
existing structure will be performed until funding is available for new permanent foundations.   
The temporary shoring can consist of cribbing or cast in place pier footings that will support 
needle beams along the primary columns lines.  The temporary cribbing or pier foundations 
should be designed for a maximum net bearing pressure of 2,000 pounds per square foot (psf) 
and preferably less than 1,000 psf.  Minimum equivalent loaded areas of the cribbing or footings 
should be at least 30 inches by 30 inches if the size based on a 2,000 psf bearing pressure is 
smaller.  Relatively quick settlement of the cribbing/footings is anticipated given the subsurface 
conditions and relatively light loading; however, we recommend that an initial re-leveling of the 
structure be performed if necessary within the first few weeks.  This can typically be done using 
jacks and/or shims at each pick point.  Care should be given to not overload the bulkhead during 
the temporary shoring work.  Therefore, GTA recommends that the temporary cribbing/footings 
not be placed within 4 feet of the bulkheads and heavy equipment should not operate directly 
adjacent to the bulkheads.   
 

Permanent foundation support can be provided by deep foundations or new shallow 
foundations.  Deep foundations consisting of helical piers or driven timber piles are generally 
considered feasible for support of the structure.  Given the magnitude of the point loads at the 
end of each column line a single pile could carry the vertical load but additional piles could be 
necessary for lateral stability.   The existing deadmen and any buried tie-rods could potentially 
impact the pile locations and we recommend that the top 3 to 4 feet be hand cleared prior to 
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installing piles to look for potential obstructions.  Deep foundations are expected to be cost 
prohibitive and will not be discussed in further detail.   

 
Since the new loads will be less than the past loads, constructing new footings along the 

existing footing alignments would be the best choice for controlling settlement.  However, this 
may be difficult to construct.  As an alternate that will potentially be subject to more total and 
differential settlement, new footings can be constructed around the perimeter. Due to the 
variability of the fill materials, GTA recommends that the footings be designed similar to grade 
beam construction (top and bottom reinforcing steel) to better distribute the loads and control 
differential settlement.  The grade beams should be designed for a maximum net allowable 
bearing pressure of 1,000 psf.  The bottom of the grade beams should be founded a minimum of 
24 inches below the exterior finished grade for frost protection.  It may be necessary to design 
portions of the foundations/framing to cantilever where the existing deadmen and proposed grade 
beams conflict.  Depending on the design depth and tide level at the time the excavations are 
performed, water could be encountered.  Temporary dewatering and placement of a crushed 
stone working mat may be required to control water during construction of the new foundations.   
 
Limitations 
          This report, including all supporting, field data, field notes, laboratory test data, 
calculations, estimates and other documents prepared by GTA in connection with this Project 
have been prepared for the exclusive use of Gredell & Associates pursuant to the agreement 
between GTA and Gredell & Associates and in accordance with generally accepted engineering 
practice.  All terms and conditions set forth in the Agreement and the General Provisions 
attached thereto are incorporated herein by reference.  No warranty, express or implied, is made 
herein.  Use and reproduction of this report by any other person without the expressed written 
permission of GTA and Gredell & Associates is unauthorized and such use is at the sole risk of 
the user. 

 
The analysis and recommendations contained in this report are based on the data obtained 

from limited observation and testing of the encountered materials.  The borings and test pits 
indicate soil conditions only at specific locations and times, and only at the depths penetrated.  
They do not necessarily reflect strata or variations that may exist between borings and test pit 
locations.  If variations of subsurface conditions from those described in this report are noted, 
recommendations in this report may need to be re-evaluated.  Geo-Technology Associates, Inc. is 
not responsible for any claims, damages, or liability associated with interpretation of subsurface 
data or reuse of the subsurface data or engineering analysis without the expressed written 
authorization of Geo-Technology Associates, Inc. 
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Test pit terminated at 6 feet.

Dry

NOTES:

LOG OF TEST PIT NO. TP-3
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New Castle, Delaware 19720
18 Boulden Circle, Suite 36

ASSOCIATES, INC.

REMARKS

E. Williams
C. Reith

Kent County

GROUNDWATER UPON COMPLETION:

USGS
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