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1. INTRODUCTION 

This report was prepared by Geosyntec Consultants, Inc. (Geosyntec) for Dominion 

Transmission, Inc. (Dominion) to present the results of the geotechnical site investigation 

for the proposed horizontal directionally drilled (HDD) crossing beneath the Route 58 as 

part of Segment AP3-071 of the Atlantic Coast Pipeline (ACP) Project.  The Route 58 

Crossing is located in Nansemond County, Virginia on pipeline AP-3 at Mile Post 071 

(Figure 1).   

This report provides descriptions of the geotechnical drilling and sampling procedures, 

description of the subsurface conditions encountered, and the results of geotechnical 

laboratory testing on selected representative samples of the subsurface materials. 

The work presented in this report was performed at the request of Dominion under 

Contract/Purchase Order 70291181, and it is in accordance with our proposal “HDD 

Boring Services for the Atlantic Coast Pipeline Project” submitted on 29 June 2015. 

The recommendations provided in this report are based on data collected from a limited 

number of samples at the locations described herein.  The materials are typical of a 

riverine environment and should not be considered to be homogenous or consistent across 

the planned alignment. This data should only be considered generally indicative of 

conditions that may be encountered along the alignment. 

1.1 Project Background 

Dominion is proposing to construct the ACP, which will comprise five segments totaling 

approximately 550-mile in length, of natural gas transmission pipeline system extending 

generally southward from Harrison County, West Virginia to Robeson County, Virginia.  

Near the Virginia/Virginia state line a branch will extend generally eastward from 

Franklin, Virginia to Chesapeake, Virginia.  The segments are identified as follows with 

reference to the 2 March 2016 Revision 10 Route: 

 Segment AP-1: 42 inch pipe from Mile Post (MP) 0.0 in Harrison County 

West Virginia south across the West Virginia/Virginia State Line to MP 300 

on the Virginia/Virginia State Line; 

 Segment AP-3: 36 inch pipe from MP 0.0 (vicinity of AP-1 MP 300) on the 

Virginia/Virginia State Line south to MP 182.95; 
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 Segment AP-3: 20 inch pipe from MP 0.0 (vicinity of AP-1 MP 300, and AP-

3 MP 0.0) on the Virginia/Virginia State Line east to MP 78.3; 

 Segment AP-4: 16 inch pipe extending west from AP-1 MP 279.6, through 

Brunswick County, Virginia for 0.4 miles; and, 

 Segment AP-5: 16 inch pipe extending southwest from AP-1 MP 284.4, 

through Greensville County, Virginia for 1.1 miles. 

Along its alignment, the pipeline will cross streams, water bodies, U.S. Routes and other 

major highways.  At some of these crossings HDD pipeline installation techniques will 

be used. Dominion has contracted Geosyntec to perform geotechnical investigations at 

the proposed HDD crossing locations to obtain subsurface information for feasibility 

evaluations, engineering design and contractor information. 

1.2 Scope of Services 

Geosyntec’s scope of services included completion of the following tasks: 

 Conduct two geotechnical borings at locations selected by Dominion in the 

Route 58 HDD crossing site to final depths of approximately 117 ft bgs (below 

ground surface) and 115 ft bgs, to recover samples for classification and 

geotechnical laboratory testing; 

 Conduct a geotechnical laboratory testing program using selected samples 

from the borings to characterize the subsurface materials (soil) at the site, and 

to aid in the estimation of the geotechnical parameters specified by Dominion; 

 Prepare geotechnical boring logs; and 

 Prepare a Geotechnical Site Investigation Report summarizing the findings of 

the geotechnical site investigation at the Route 58 crossing (this report).  

Potential environmental issues, such as soil contamination were not within Geosyntec’s 

scope of work.  This report was prepared for the Route 58 crossing.   

1.3 Organization of This Report 

Following this introductory section, the remainder of the report is organized as follows: 
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 Section 2 provides information on the location of the project site and the 

exploratory borings, describes the site topography, and summarizes the 

regional geologic setting; 

 Section 3 provides a description of the drilling and sampling equipment and 

procedures, and information about the backfilling of the borings; 

 Section 4 describes the geotechnical laboratory testing program, and 

summarizes the results;  

 Section 5 describes the soil stratigraphy at the boring locations and 

groundwater conditions; 

 Section 6 provides information on the methodologies used for developing 

geotechnical strength and compressibility parameters, as well as unit weights 

presents a summary of the geotechnical parameters measured; 

 Section 7 provides summary of geotechnical parameters of soil samples; 

 Section 8 provides closing comments; and 

 Section 9 lists the references used in this report. 

1.4 Coordinate System and Unit System 

The coordinate system used in this report is Universal Transverse Mercator (UTM) Zone 

17, and North American Datum of 1983 (NAD83).  The datum for the elevations is World 

Geodetic System 1984 (WGS84), and are referenced to mean sea level (MSL). 

This report is presented using US customary system units, where length is described in 

feet (ft), miles (mi) and inches (in), stresses and pressures in kips per square feet (ksf), 

and unit weight in pounds per cubic feet (pcf). 
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2. SITE DESCRIPTION 

2.1 Site Location and Proposed Crossing 

The proposed HDD drill path will cross approximately perpendicular to the Route 58, 

reaching a maximum depth of about 85 ft below ground surface (bgs), relative to both the 

southern entry point and the northern exit points (as shown in profile produced by Jeffrey 

S. Puckett, P.E, an independent consultant to Dominion, dated 09 January 2017 and 

provided in Appendix A) on AP3-072.   

As shown in the site map of Figure 1, the proposed Route 58 HDD crossing site is 

generally oriented northeast-southwest, nearly perpendicular to Route 58, about 3 miles 

southwest of the community of Bowers Hill, Virginia which is located in the independent 

city of Chesapeake, Virginia.  

2.2 Site Topography 

A topographic map of the Bowers Hill quadrangle, produced by the United States 

Geological Survey (USGS) and presented as Figure 2, confirms the visual observations 

by our field geotechnical engineers that the areas in the vicinity of the drilling locations 

are nearly flat.  The approximate elevation at Boring Route (RT) 58 B-1 is 28.9 ft (MSL) 

and RT58 B-2 is 25.3 ft (MSL).  The elevations of the boring locations summarized in 

Table 1 agree well with the topographic map, as well as the plan and profile by Jeffrey S. 

Puckett, P.E. (Appendix A). 

2.3 Regional and Local Geology 

Geologic maps (Coch, 1971 shown on Figure 3) indicate that the geology (in the vicinity 

of the HDD entry and exit points) is underlain by lagoonal and estuarine sediments of the 

upper member of the Sand Bridge Formation which includes a series of unconformable 

Quaternary (Q) marine, estuarine, fluvial, tidal channel fill, beach and dune deposits of 

variable thickness which lie unconformably on top of the Norfolk Formation and then 

over deep deposits of the Yorktown Formation which consist of Tertiary (T) marine silt, 

sand and clay.   

On the western and eastern sides of the crossing, in the vicinity of the HDD exit and entry 

point, the Alluvium (Qal) and the Sand Bridge Formation deposits (Qsb) lie 

unconformably Norfolk Formation (Qn) which lies over the Yorktown Formation (Ty). 
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Although the subsurface conditions under Route 58 were not investigated, it is inferred 

that Alluvium (Qal) consisting of alluvium, estuarine beach sediments, and fluvial 

estuarine fills lie unconformably over the Sand Bridge Formation (Qsb) consisting of 

marsh and tidal flat silty clay that lie unconformably over the Norfolk Formation (Qn) 

consisting of estuarine clay and fine-grained sand which lies unconformably over the 

Yorktown Formation (Ty).   

The Sand Bridge Formation (Qsb) generally consists of is heterogeneous and generally 

consists of cross-bedded sands, massive sands, silty sands, silts, and clayey sands and has 

a sharp contact with the underlying Norfolk Formation. 

The Norfolk Formation unconformably overlies the Yorktown Formation except where 

the Norfolk was removed during erosion prior to the deposition of the overlying Sand 

Bridge formation. South of the James River, the Norfolk is overlain by the Sand Bridge 

formation; north of the James it is the surficial unit. The Norfolk has an average thickness 

of 20 feet and is more than 40 feet thick in the central parts of channel-fill sequences. 

The Yorktown Formation (Ty) which is common throughout southeastern Virginia, 

generally consists of fossiliferous (typically shells) marine fine silty sands, with deposits 

of clays and silts.  According to the USGS geologic map, the primary rock type in this 

area is unconsolidated sand. 

3. EXPLORATION PROGRAM 

3.1 Introduction 

Geosyntec contracted Fishburne Drilling Inc. (Fishburne) of Chesapeake, Virginia, to 

conduct geotechnical drilling and sampling at the proposed Route 58 HDD crossing. The 

original coordinates of the boring locations and their target termination depths were pre-

determined by Dominion and their HDD design consultant, Jeffrey S. Puckett, P.E.  The 

work was performed with the following objectives:  

i. Establish the likely subsurface stratigraphy and major soil units present at the 

proposed HDD crossing will be installed; 

ii. Obtain penetration resistance data of the major soil units for correlations with 

engineering parameters; and 

iii. Obtain soil samples suitable for classification and laboratory testing purposes.  



 Geotechnical Site Investigation Report 

Atlantic Coast Pipeline - Horizontal Directionally Drilled Crossing - Route 58 

 

 

Route 58 Crossing Geotechnical Report 6  

The geotechnical site investigation consisted of two borings advanced to depths of 117 ft 

bgs and 115 ft bgs, for Borings RT58 B-1 and RT58 B-2, respectively.  The borings were 

completed in one mobilization with drilling for Boring RT58 B-1 completed on 16 

February 2017 and drilling for Boring RT58 B-1 completed on 17 February 2017. 

Boring RT58 B-1 is located on the southern side of the crossing, at the end corner of a 

parking lot, encapsulated by woods in the other three sides.  Boring RT58 B-2 is located 

on the northern side of the crossing on a narrow dirt road across through a woodland. The 

two boreholes were offset from the originally proposed locations, at the request of the 

landowner and in consultation with Dominion, to avoid drilling in, and potentially 

damaging fields or to avoid tree clearing.   

Table 1 presents the coordinates of each boring location, together with elevation, and 

termination depths.  The as-built coordinates were surveyed using a Trimble Geo 7X 

global positioning unit (GPS) with post processing. 

 

Table 1 – Coordinates of Boring Locations 

Boring 

ID 

Coordinates – UTM, Zone 17N, NAD84 

Offset 

from 

Pipeline 

Centerline 

As-Built 

Ground 

Surface 

Elev. 

WGS84  

Final 

Depth 

Proposed (ft) As-Built (ft)    

Easting Northing Easting Northing (ft) (MSL-ft) (ft) 

RT58 

B-1 
2,968,675.17 13,382,036.37 2,968,622.92 13,382,050.78 81.36-W 28.9 117 

RT58 

B-2 
2,967,833.18 13,383,066.35 2,967,833.18 13,383,041.41 66.68 W 25.3 115 

        

3.2 Drilling and Sampling Procedures 

A track-mounted CME-55 drill rig was used to advance the 6-in. diameter geotechnical 

soil borings and to the final depths via mud rotary methods. 
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Soil samples were obtained using a split-spoon sampler of length of 24-in., in accordance 

with ASTM D1586 [ASTM, 2011], continuously from the ground surface to 10 ft bgs, 

and at 5-foot intervals thereafter until terminal depth was encountered.  The soil 

penetration resistance was measured at all sample depths using the Standard Penetration 

Test (SPT).  Each split-spoon sample was advanced 24 inches, and blow counts were 

recorded over each 6-in. interval.  The SPT N-value is the number of blows required for 

a 140-lb hammer dropping 30 in, to drive the split-spoon sampler through the middle 12-

in interval of the 24-in penetration.  The SPT N-values are presented in the boring logs. 

In addition to split-spoon sampling, one large 3-inch diameter sampling tube called a 

“Shelby Tube” was used to collect undisturbed samples of cohesive soil for strength 

testing.   

Our drilling inspectors prepared descriptions of each soil sample using visual-manual 

methods according to ASTM D2488 and placed the samples in individual sealed 

containers, labeled, and stored for transport to the laboratory facilities.  The observations 

of our drilling inspectors were recorded on the field boring logs as the drilling operations 

progressed.   

3.3 Boring Backfilling 

After completion, each boring was backfilled with a bentonite-grout slurry.  The collar of 

each boring was backfilled with drill cuttings and, if needed, bentonite chips were placed 

at the very top of the boring to create a low permeability clay plug at the surface.  

Remaining cuttings and residual bentonite-clay slurry were graded to match the 

surrounding topography, and diluted with water to disperse the cuttings and slurry.   
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4. LABORATORY TESTING 

4.1 Introduction 

Geosyntec contracted Geotesting Express, Inc. (GTX) of Acton, Massachusetts, to 

conduct laboratory testing assigned by Geosyntec on selected soil samples to measure the 

pertinent index properties of the soils.  The laboratory testing program, on soil samples, 

was primarily focused on soil classification and index testing.  The laboratory testing 

program consisted of: 

Soil Samples 

 Natural water (moisture) contents (ASTM D2216) 

 Grain-size distributions (ASTM D422) 

 Atterberg limits (ASTM D4318) 

 TXUU test – 1 point (ASTM D2850) 

Table 2 summarizes the number and types of laboratory testing conducted on soil samples 

from the Route 58 HDD crossing.  

Table 2 – Number and Types of Laboratory Tests 

 Number of Tests 

Laboratory Testing Boring RT58 B-1 Boring RT58 B-2 

Water (Moisture) Content 8 9 

Grain-Size Distribution 8 9 

Atterberg Limits 7 8 

TXUU 1 2 
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5. SUBSURFACE CONDITIONS  

5.1 Introduction 

The soil stratigraphy at the Route 58 crossing is based on our drilling inspectors’ 

observations made during drilling operations, the classification of the soil samples 

recovered from the soil borings, and the results of the geotechnical laboratory testing.  The 

soil stratigraphy, including details of soil descriptions such as color and inclusions, is 

presented on the boring logs (Appendix B). As part of this work, Geosyntec developed a 

Generalized Geologic Profile (Figure 4).   

Soil stratigraphy presented in this report corresponds to soil conditions at the location of 

the borings and can be extrapolated with confidence to the area in close vicinity of the 

boring locations (e.g., 50 ft).  However, subsurface conditions described herein do not 

necessarily represent conditions along the entire HDD alignment.  Extrapolations should 

be made with consideration of this limitation. 

5.2 Soil Stratigraphy 

5.2.1  Boring RT58 B-1 

The soil stratigraphy at Boring RT58 B-1 consists of: 

 Stratum I-1: Clayey Sand (SC).   This stratum extends from the ground surface 

to a depth of 5.0 ft bgs.   

 Stratum II-1: Sand (SP) and Clayey Sand (SC).  This stratum extends from 5.0 

to 13.0 ft bgs.   

 Stratum III-1: Clayey Sand (SC) and Organic Clay (OH).  This stratum 

extends from 13.0 ft to 23.0 ft bgs. 

 Stratum IV-1: Silt (ML) and Organic Clay (OH).  This stratum extends from 

23.0 ft bgs to a depth of 34.0 ft bgs. 

 Stratum V-1: Sand (SP) and Clayey Sand (SC).  This stratum extends from 34.0 

ft bgs to a depth of 53.0 ft bgs. 

 Stratum VI-1: Silty Sand (SM).  This stratum extends from 53.0 ft bgs to a depth 

of 63.0 ft bgs. 

 Stratum VII-1: Silty Sand (SM).  This stratum extends from 63.0 ft bgs to a depth 

of 83.0 ft bgs. 
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 Stratum VIII-1: Lean Clay (CL).  This stratum extends from 3.0 ft bgs to the 

termination depth of 117.0 ft bgs. 

5.2.2 Boring RT58 B-2 

The soil stratigraphy at Boring RT58 B-2 consists of: 

 Stratum I-1: Silty Sand (SM).   This stratum extends from the ground surface to 

a depth of 2.0 ft bgs.   

 Stratum II-1: Lean Clay (CL) and Organic Silt (OH).   This stratum extends 

from 2.0 to 7.0 ft bgs.   

 Stratum III-1: Silty Sand (SM).  This stratum extends from 7.0 ft to 19.0 ft bgs. 

 Stratum IV-1: Silt (ML) and Organic Clay (OH).  This stratum extends from 

19.0 ft bgs to a depth of 38.0 ft bgs. 

 Stratum V-1: Silty Sand (SM).  This stratum extends from 38.0 ft bgs to a depth 

of 43.0 ft bgs. 

 Stratum VI-1: Organic Clay (OH).  This stratum extends from 43.0 ft bgs to a 

depth of 49.0 ft bgs. 

 Stratum VII-1: Silty Sand (SM).  This stratum extends from 49.0 ft bgs to a depth 

of 73.0 ft bgs. 

 Stratum VIII-1: Silty Sand (SM).  This stratum extends from 73.0 ft bgs to a 

depth of 83.0 ft bgs. 

 Stratum IX-1: Silty Sand (SM) and Clayey Sand (SC).  This stratum extends 

from 83.0 ft bgs to the termination depth of 115.0 ft bgs. 

5.3 Groundwater Conditions 

The groundwater level was estimated as 6 ft bgs for RT58 B-1 based on the field logs, and 

6 ft bgs for RT58 B-2 based the log. 

  



 Geotechnical Site Investigation Report 

Atlantic Coast Pipeline - Horizontal Directionally Drilled Crossing - Route 58 

 

 

Route 58 Crossing Geotechnical Report 11  

6. INDEX PROPERTIES 

6.1 Index Properties and Laboratory Test Results 

Tables 3 present a summary of the index properties of the soil laboratory test results of 

water content, gradation, Atterberg limits, and shear strength which are also plotted in the 

boring logs (Appendix B).  Individual test results are presented in detail in Appendix C. 

6.2 Unit Weight 

6.2.1  Sand Materials (SM, SP, SC) 

Unit weights were estimated based on compiled values in literature, e.g. Das (2005) and 

laboratory test.  Poorly-graded and (SP) and well-graded sand (SW) has unit weight of 

125 pcf; sand with fine-grained materials (SC, SM, SP-SC) were assigned a unit weight 

of 115 pcf.  

6.2.2  Silt and Clay Materials (ML, MH, CL, CH) 

Unit weights of was obtained from laboratory tests, an average value of unit weight of 

110 pcf is used.  

6.2.3  Organic Soils (OH) 

Unit weights of was obtained from laboratory tests, an average value of unit weight of 

100 pcf is used.  

6.2.4  Soil Testing 

Table 3 presents a summary of the laboratory test results conducted on soil samples.  
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Table 3 – Summary of Laboratory Test Results on Soil Samples 

Boring 

ID 
Sample ID 

Unified 

Soil 

Classific

ation 

System 

(USCS) 

Sample 

Depth 

Interval 

(ft-bgs) 

Water 

Content 

(%) 

Percent 

Fines 

(< #200 

Sieve) 

(%) 

Liquid 

Limit 

(%) 

Plastic 

Limit 

(%) 

Plasticit

y Index 

(%) 

Shear 

Strength(1) 

(ksf) 

Strain 

at 

Failure 

(%) 

Rte. 58 B-1 SS-1 (S-3) SC 4-6 31.9 47.4 34 22 12 - - 

Rte. 58 B-1 SS-2 (S-6) OH 13-15 59.9 69.1 59 20 39 - - 

Rte. 58 B-1 Shelby-1 SC 15-17 40.0 33.4 30 14 16 

0.25 5.15 

0.33 4.08 

0.29 5.2 

Rte. 58 B-1 SS-3 (S-7) SC 18-20 36.7 21.2 26 14 12 - - 

Rte. 58 B-1 SS-4 (S-10) OH 33-35 80.7 97.5 77 24 53 - - 

Rte. 58 B-1 SS-5 (S-12) - 43-45 22.1 11 - - - 

Rte. 58 B-1 SS-6 (S-18) SM 73-75 36.4 31.7 Non-plastic - - 

Rte. 58 B-1 SS-7 (S-24) CL 103-105 36.0 56.2 44 26 18 - - 

Rte. 58 B-2 SS-1 (S-2) CL 2-4 20.9 51.6 28 15 13 - - 

Rte. 58 B-2 SS-2 (S-5) SM 8-10 35.4 27.3 Non-plastic   

Rte. 58 B-2 SS-3 (S-6) 

 

- 13-15 30.6 14 - - - 

Rte. 58 B-2 Shelby-1 OH 30-32 57 81.2 77 24 53 

0.69 2.77 

0.75 

 

 

2.18 

0.66 3.82 

Rte. 58 B-2 Shelby-2 OH 45-47 64 76.2 82 29 53 

0.83 5.7 

0.71 13.2 

0.93 3.33 

Rte. 58 B-2 SS-4 (S-15) SM 58-60 29.4 17.9 Non-plastic - - 

Rte. 58 B-2 SS-5 (S-20) SC 83-85 31.7 48.0 36 23 13 - - 

Rte. 58 B-2 SS-6 (S-23) CL 98-100 37.1 56.5 46 23 23   

Rte. 58 B-2 SS-7 (S-26) 

 

SM 113-115 34.6 35.6 Non-plastic - - 

 Note: Strata defined above.  

(1) Shear strength is obtained from UU test. 
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6.3 Strength Parameters 

6.3.1  Sand Deposits (SC, SM, SP) 

The effective friction angles (') of the sand deposits were estimated from the SPT results 

using the empirical correlation proposed by Kulhawy and Mayne (1990), which uses 

corrected SPT blow counts corrected for overburden stresses as follows: 

(𝑁1)60 = 𝐶𝑁𝑁60 

Where (𝑁1)60 is the corrected SPT blowcount, 𝐶𝑁 is the overburden correction factor 

(𝑃𝑎𝑡𝑚 𝜎′𝑣𝑜⁄ , where 𝜎′𝑣𝑜 being the vertical effective stress), and 𝑁60 is the SPT blowcount 

corrected to hammer energy efficiency. 

The hammer energy efficiency of the drill rig used during this work (Fishburne’s CME 

55 drill rig, Serial Number 395465) was measured to be 86.3%.  (Report of SPT Hammer 

Energy Measurements is attached in Appendix D).    

Appendix E summarizes the results of all SPTs performed in each boring, and the 

effective friction angle based on the mentioned correlation. 

6.3.2  Silt and Clay Deposits (ML, CL, CH, OH) 

In lieu of laboratory test measurements, estimates of undrained shear strength (su) of silt 

and clay deposits were obtained from N-SPT correlations by Terzaghi and Peck (1967) 

as follows: 

𝑠𝑢 = 0.13𝑁 

Where N is the measured SPT N-value.  The su results based on this methodology are 

presented in Appendix E. 

6.4 Compressibility Parameters 

6.4.1  Sand Deposits (SC, SM, SP, SP-SC) 

The Young’s modulus (E) of the sand deposits was estimated from the SPT results using 

the empirical correlation proposed by Kulhawy and Mayne (1990) for normally 

consolidated sands with fines as follows: 
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𝐸

𝑃𝑎𝑡𝑚
= 5𝑁60 

Appendix E presents the variation of Young’s modulus at the boring locations. 

6.4.2  Silt and Clay Deposits (ML, CL, CH, OH) 

The Young’s modulus (E) of the silt and clay deposits during undrained loading 

conditions was estimated from correlations compiled by Bowles (1988) for normally 

consolidated clays as follows: 

𝐸 = 500 𝑠𝑢 

Appendix E presents the variation of Young’s modulus at both boring locations. 
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7. GEOTECHNICAL PARAMETERS 

Selected geotechnical parameters were developed for the primary soil materials encountered at each boring location at the 

Route 58 HDD crossing based on the methodologies described in Section 6.  These parameters are presented in Table 4 and 

Table 5. The summary of soil index test results and SPT correlation results are presented in Appendix E. 
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Table 4 –Geotechnical Parameters for Boring RT58 B-1  

Strata 

Top 

Depth 

(ft) 

Thick-

ness 

(ft) 

Descriptions 

Total 

Unit 

Weight 

t 
(2) 

(pcf) 

Effective 

Friction Angle 

' (2) 

Undrained 

Shear Strength 

su
(2) 

Young’s 

Modulus 

E (2)   

(ksf) (degree) (ksf) 

Range Avg. Range Avg. Range Avg. 

I-1 0.0 5.0 
Medium Dense, Brown and Black, Moist, CLAYEY SAND (SC), 

Medium Coarse, With Gravel and Wood 
115 

31.7 to 

38.1 
35.1 - - 

91 to 

228 
162 

II-1 5.0 8.0 

Medium Dense, Light Gray, CLAYEY SAND (SC), Transition to 

Loose Moist Light Gray Poorly-graded Sand 

Medium Dense, Light Gray, Wet, POORLY-GRADED SAND (SP) 

125 
33.3 to 

33.6 
33.5 - - 

122 to 

134 
129 

III-1 13.0 10.0 

Very Soft, Greenish-gray, Wet, SANDY ORGANIC 

CLAY (OH), Very Loose, Greenish-gray, Wet, CLAYEY SAND 
(SC), With Shell Fragments 

115 -  26.9 - - 0 to 15 8 

IV-1 23.0 11.0 
Soft, Brown, Moist, SILT (ML), Trace Fine Sand, Becomes Green-

gray.  Very Soft, Brown, Wet, ORGANIC CLAY (OH), Sandy 
100 - - 

0.18 to 

0.37 
0.24 

91 to 

183 
122 

V-1 34.0 19.0 
Loose to Medium Dense, Light Gray, Wet, POORLY-GRADED 

SAND With Clay (SP-SC), Medium Coarse, With Silt, Trace Gravel 
115 

29.2 to 

30.6 
29.8 - - 

91 to 

137 
107 

VI-1 53.0 10.0 
Dense, Dark Gray With Tan, POORLY-GRADED SAND (SP), With 

Shell Fragments.  Medium Dense to Dense, Moist, Dark Greenish 

Gray, SILTY SAND (SM), Shell Fragments 
115 

34.6 to 
37.6 

36.1 - - 
320 to 

441 
380 

VII-1 63.0 20.0 
Medium Dense, Moist, Dark Greenish Gray, SILTY SAND (SM), 

Shell Fragments 
115 

29.6 to 

32.3 
31.1 - - 

137 to 

228 
190 

VIII-1 83.0 34.0 
Stiff to Very Stiff, Dark Greenish Gray, Moist, SANDY LEAN CLAY 

(CL), With Silt, Trace Fine Sand and Shell Fragments 
110 - - 

1.10 to 

1.28 
1.21 

548 to 

639 
603 

Notes: 1) USCS: Unified Soil Classification System. 

  2) Parameters for use in HDD design only.  

  3) Detailed soil descriptions are presented in the borehole logs included in Appendix B.  The soil description presented in this table are generalized,  

                and may not reflect the actual characteristics of the material. 
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Table 5 Geotechnical Parameters for Boring RT58 B-2 

Strata 

Top 

Depth 

(ft) 

Thick-

ness 

(ft) 

Descriptions 

Total 

Unit 

Weight 

t 
(2) 

(pcf) 

Effective 

Friction Angle 

' (2) 

Undrained 

Shear Strength 

su
(2) 

Young’s 

Modulus 

E (2)   

(ksf) (degree) (ksf) 

Range Avg. Range Avg. Range Avg. 

I-2 0.0 2.0 Medium Dense, Gray to Brown, Moist, Fine SILTY SAND (SM) 115 - 32.7 - - - 107 

II-2 2.0 5.0 
Medium, Black, Moist, ORGANIC SILT (OH) 

Medium, Medium Gray, Saturated, Fine SANDY LEAN CLAY (CL) 
100 - - 

0.73 to 

0.73 
0.73 - 365 

III-2 7.0 12.0 Very Loose, Gray, Saturated, Fine SILTY SAND (SM) 115 
26.5 to 

33.3 
28.9 - - 

0 to 

122 
46 

IV-2 19.0 19.0 
Very Soft, Gray, ORGANIC CLAY With Sand (OH) Soft, SILT (ML), 

With Fine Sand 
100 - - 

0.00 to 

0.75 
0.44 

0 to 

180 
86 

V-2 38.0 5.0 
Medium Dense, Gray, Saturated, SILTY SAND (SM), Fine To 

Medium, With Shell Fragments 
115 - 35.2 - - - 274 

VI-2 43.0 6.0 Soft, Dark Brown Gray, Saturated ORGANIC CLAY (OH)  100 - - 
0.36 to 

0.93 
0.64 

25 to 

180 
108 

VII-2 49.0 24.0 
Very Loose to Medium Dense, Gray, Saturated, SILTY SAND (SM), 

Fine To 

Medium, With Shell Fragments 
115 

30.6 to 

36.6 
33.4 - - 

137 to 

396 
263 

VIII-2 73.0 10.0 
Medium Dense, Gray, Saturated, SILTY SAND (SM), Fine To 

Medium, With Shell Fragments 
115 

29.6 to 

30.3 
29.9 - - 

122 to 

152 
137 

IX-2 83.0 32.0 
Loose, Gray, Saturated, CLAYEY SAND (SC), Fine To Medium, Loose 

to Medium Dense, Gray, Saturated, SILTY SAND (SM), Fine 
115 

27.7 to 

30.3 
28.8 - - 

61 to 

183 
112 

Notes: 1) USCS: Unified Soil Classification System. 

  2) Parameters for use in HDD design only.  

  3) Detailed soil descriptions are presented in the borehole logs included in Appendix B.  The soil description presented in this table are generalized, 

      and may not reflect the actual characteristics of the material. 
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8. CLOSING 

Geosyntec is pleased to provide Dominion with the geotechnical investigation results for 

the ACP HDD Route 58 crossing.   

Please contact Tim Kelly at 804.665.2815 and/or Scott Sheridan at 804.665.2810 with 

any questions regarding this report or the geotechnical investigation. 

 

                                         

Scott Sheridan          Na Jin, Ph.D., E.I.T.  

Principal          Staff Engineer 

 

 

 

 

 

Timothy M. Kelly, Ph.D., P.E. 

Senior Engineer 
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PLAN AND PROFILE BY JEFFREY S. PUCKETT, P.E. 

  





APPENDIX B 

BORING LOGS 
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Water Level
Water Observations:

Automatic 140-lb hammer (Average ETR = 86.3%)
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9211 Arboretum Parkway, Suite 200
Richmond, VA 23236
Office:  (804) 767-2206
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5-6-9-12 (15)

4-5-9-12 (14)

4-4-8-11 (12)

3-3-6-9 (9)

NP

11

32

SAA, Medium Dense

SAA, Loose, Light Tannish/White, Shell Fragments With
Pockets Green-gray SILT

Dense, Dark Gray With Tan, POORLY-GRADED SAND (SP),
With Shell Fragments

Dense, Moist, Dark Greenish Gray, SILTY SAND (SM), Shell
Fragments

SAA, Medium Dense, With Shell Fragments

SAA, Sand Size Particles Finer

SAA, With Shell Fragments

SAA, With Shell Fragments

SP-SC

SP

SM

22.1

36.4 NP NP
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3-3-3-5 (6)

3-3-4-6 (7)

3-4-3-7 (7)

4-6-11-16 (17)

44 56.2

Very Stiff, Dark Greenish Gray, Moist, SANDY LEAN CLAY
(CL), With Silt, Trace Fine Sand and Shell Fragments

SAA, Stiff, With 1/8'' Clay Lenses

SAA, No Clay Lenses

SAA, With 1/8'' Clay Lenses

SAA

SAA

SAA, Very Stiff, With Fine Sand
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4-4-3-2 (7)

3-2-2-2 (4)

2-2-2-3 (4)

3-4-4-3 (8)

1-0-0-1 (0)

1-1-1-1 (2)

2-1-1-1 (2)

0-0-0-1 (0)

1-0-1-1 (1)

1-1-1-1 (2)

8-8-10-12 (18)

28

NP

77

51.6

27.3

14

81.2

0-1.5' Medium Dense, Gray to Brown, Moist, Fine SILTY SAND
(SM)
1.5-2' Medium, Black, Moist, ORGANIC SILT (OH)
Medium, Medium Gray, Saturated, Fine SANDY LEAN CLAY
(CL)
SAA

Very Loose, Gray, Saturated, Fine SILTY SAND (SM)

SAA

18-19' SAA, With Some Shell Fragments
19-33.7' Very Soft, Gray, ORGANIC CLAY With Sand (OH)

SAA

SAA

33.7-38' Soft, SILT (ML), With Fine Sand

Medium Dense, SILTY SAND (SM), Fine

SM
OH

CL

SM

OH

ML

SM

0.69
0.75
0.66

20.9

35.4

30.6

57

15

NP

24

13

NP

532.77
2.18
3.82
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Project Name: ACP HDD - Route 58

Surface Elevation: 25.3 MSL-feet
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2-1-1-1 (2)

1-1-1-3 (2)

7-6-3-6 (9)

8-11-15-15 (26)

4-9-9-13 (18)

6-8-8-8 (16)

4-4-6-12 (10)

3-3-5-8 (8)

82

NP

76.2

17.9

Soft, Dark Brown Gray, Saturated, ORGANIC CLAY With Sand
(OH), Sand Size Is Fine

Very Loose, Gray, Saturated, SILTY SAND (SM), Fine To
Medium, With Shell Fragments

SAA, Medium Dense

SAA, Dense, Saturated

SAA, Medium Dense

SAA, With Shell Fragments

SAA, With Some Larger Shell Fragments

SAA, Sand Size Becomes Finer

SM

OH

SM

0.83
0.71
0.93

64

29.4
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NP
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13.2
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3-2-2-7 (4)

3-3-3-5 (6)

2-3-3-3 (6)

3-3-3-3 (6)

3-4-3-6 (7)

3-3-6-7 (9)

4-5-7-12 (12)

36

46

NP

48

56.5

35.6

Loose, Gray, Saturated, CLAYEY SAND (SC), Fine To Medium

Loose, Gray, Saturated, SILTY SAND (SM), Fine

Stiff, Gray, SANDY LEAN CLAY (CL), Saturated

Medium Dense, Gray, Saturated, SILTY SAND (SM), Fine To
Medium

SAA

SAA, With Shell Fragments

BOREHOLE TERMINATED AT 115 FT BGS

SM

SC

SM

CL

SM

31.7

37.1

34.6

23
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NP
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LABORATORY TEST RESULTS  

 

  



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/06/17
Test Id: 405557

Tested By: cam
Checked By: emm

 USCS Classification - ASTM D2487

printed 3/7/2017 10:24:18 AM

 Boring ID  Sample ID  Depth  Group Name  Group
Symbol 

Gravel, %  Sand, %  Fines, % 

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

S-3

S-6

Shelby

S-7

S-10

S-18

S-24

4-6

13-15

15-17

18-20

33-35

73-75

103-105

Clayey sand

Sandy Organic clay

Clayey sand

Clayey sand

Organic clay

Silty sand

Sandy Lean clay

SC

OH

SC

SC

OH

SM

CL

0.1

0.0

0.0

0.0

0.0

0.0

0.0

52.5

30.9

66.6

78.8

2.5

68.3

43.8

47.4

69.1

33.4

21.2

97.5

31.7

56.2

Remarks: Grain Size analysis performed by ASTM D422 results enclosed

Atterberg Limits performed by ASTM D4318, results enclosed



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/06/17
Test Id: 405563

Tested By: cam
Checked By: emm

 USCS Classification - ASTM D2487

printed 3/7/2017 10:27:36 AM

 Boring ID  Sample ID  Depth  Group Name  Group
Symbol 

Gravel, %  Sand, %  Fines, % 

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

S-2

S-5

Shelby

Shelby

S-15

S-20

S-23

S-26

2-4

8-10

30-32

45-47

58-60

83-85

98-100

113-115

Sandy Lean clay

Silty sand

Organic clay with
sand

Organic clay with
sand

Silty sand

Clayey sand

Sandy Lean clay

Silty sand

CL

SM

OH

OH

SM

SC

CL

SM

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

48.4

72.7

18.8

23.8

82.1

55.0

43.5

64.4

51.6

27.3

81.2

76.2

17.9

45.0

56.5

35.6

Remarks: Grain Size analysis performed by ASTM D422 results enclosed

Atterberg Limits performed by ASTM D4318, results enclosed



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/01/17
Test Id: 405526

Tested By: jbr
Checked By: emm

Moisture Content of Soil and Rock - ASTM D2216

printed 3/7/2017 10:22:42 AM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

RT58 B-1

S- 3

S- 6

S- 7

S- 10

S- 12

S- 18

S- 24

4-6

13-15

18-20

33-35

43-45

73-75

103-105

Moist, very dark brown clayey sand

Moist, olive sandy organic clay

Moist, olive clayey sand

Wet, olive organic clay 

Moist, dark gray sand with silt

Moist, olive silty sand 

Moist, dark gray sandy clay

31.9

59.9

36.7

80.7

22.1

36.4

36.0

Notes: Temperature of Drying : 110º Celsius



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: ---
Sample ID: ---
Depth : ---

Sample Type: ---
Test Date: 03/01/17
Test Id: 405533

Tested By: jbr
Checked By: emm

Moisture Content of Soil and Rock - ASTM D2216

printed 3/7/2017 10:23:09 AM

 Boring ID  Sample ID  Depth  Description  Moisture
Content,% 

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

RT58 B-2

S- 2

S- 5

S- 6

S- 15

S- 20

S- 23

S- 26

2-4

8-10

13-15

58-60

83-85

98-100

113-115

Moist, grayish brown sandy clay 

Moist, olive silty sand 

Moist, olive silty sand 

Moist, olive silty sand 

Moist, dark gray clayey sand

Moist, olive sandy clay

Moist, olive silty sand 

20.9

35.4

30.6

29.4

31.7

37.1

34.6

Notes: Temperature of Drying : 110º Celsius



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-3
Depth : 4-6

Sample Type: jar
Test Date: 03/06/17
Test Id: 405567

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, very dark brown clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:24 AM
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Grain Size (mm)

#
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#
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#
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#
10

0 

#
20

0 

% Cobble

---

% Gravel

0.1

% Sand

52.5

% Silt & Clay Size

47.4

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0330

0.0210

0.0126

0.0091

0.0064

0.0045

0.0032

0.0014

100

100

100

100

95

64

47

Percent Finer

39

34

28

23

19

17

15

7

Spec. Percent Complies

 Coefficients
D   =0.2119 mm85

D   =0.1267 mm60

D   =0.0835 mm50

D   =0.0153 mm30

D   =0.0033 mm15

D   =0.0019 mm10

C   =66.684u C   =0.972c

 Classification
 ASTM Clayey sand (SC)

 AASHTO Clayey Soils (A-6 (3))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-6
Depth : 13-15

Sample Type: jar
Test Date: 03/06/17
Test Id: 405858

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive sandy organic clay
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:26 AM
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Grain Size (mm)
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#
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#
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% Cobble

---

% Gravel

0.0

% Sand

30.9

% Silt & Clay Size

69.1

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0323

0.0206

0.0123

0.0088

0.0062

0.0044

0.0031

0.0013

100

100

100

100

99

96

69

Percent Finer

61

56

48

43

39

35

33

25

Spec. Percent Complies

 Coefficients
D   =0.1123 mm85

D   =0.0305 mm60

D   =0.0141 mm50

D   =0.0023 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Organic clay (OH)

 AASHTO Clayey Soils (A-7-6 (26))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: Shelby
Depth : 15-17

Sample Type: tube
Test Date: 03/06/17
Test Id: 405564

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Wet, olive gray clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:28 AM
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% Cobble

---

% Gravel

0.0

% Sand

66.6

% Silt & Clay Size

33.4

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0323

0.0216

0.0124

0.0089

0.0064

0.0046

0.0032

0.0014

100

100

97

81

53

40

33

Percent Finer

30

26

23

20

18

15

14

12

Spec. Percent Complies

 Coefficients
D   =0.5072 mm85

D   =0.2851 mm60

D   =0.2212 mm50

D   =0.0332 mm30

D   =0.0046 mm15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Clayey sand (SC)

 AASHTO Clayey Gravel and Sand (A-2-6 (1))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-7
Depth : 18-20

Sample Type: jar
Test Date: 03/03/17
Test Id: 405569

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:28 AM
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% Cobble

---

% Gravel

0.0

% Sand

78.8

% Silt & Clay Size

21.2

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0350

0.0224

0.0132

0.0094

0.0066

0.0047

0.0033

0.0014

100

99

97

82

50

24

21

Percent Finer

20

18

17

16

15

13

11

7

Spec. Percent Complies

 Coefficients
D   =0.4947 mm85

D   =0.2965 mm60

D   =0.2512 mm50

D   =0.1686 mm30

D   =0.0075 mm15

D   =0.0026 mm10

C   =114.038u C   =36.874c

 Classification
 ASTM Clayey sand (SC)

 AASHTO Clayey Gravel and Sand (A-2-6 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-10
Depth : 33-35

Sample Type: jar
Test Date: 03/03/17
Test Id: 405570

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Wet, olive organic clay 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:31 AM
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% Gravel

0.0

% Sand

2.5

% Silt & Clay Size

97.5

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0307

0.0197

0.0117

0.0084

0.0060

0.0043

0.0031

0.0013

100

100

100

100

99

99

98

Percent Finer

95

86

77

68

63

57

51

39

Spec. Percent Complies

 Coefficients
D   =0.0182 mm85

D   =0.0052 mm60

D   =0.0029 mm50

D   =N/A30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Organic clay (OH)

 AASHTO Clayey Soils (A-7-6 (60))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-12
Depth : 43-45

Sample Type: jar
Test Date: 03/03/17
Test Id: 405579

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark gray sand with silt
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:31 AM
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% Cobble

---

% Gravel

0.5

% Sand

88.7

% Silt & Clay Size

10.8

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

0.375 in 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

9.50

4.75

2.00

0.85

0.42

0.25

0.15

0.075

100

100

98

86

64

46

26

11

 Coefficients
D   =0.8129 mm85

D   =0.3798 mm60

D   =0.2811 mm50

D   =0.1645 mm30

D   =0.0903 mm15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM N/A

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-18
Depth : 73-75

Sample Type: jar
Test Date: 03/07/17
Test Id: 405991

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:32 AM
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% Cobble
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% Gravel

0.0

% Sand

68.3

% Silt & Clay Size

31.7

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0357

0.0227

0.0132

0.0094

0.0066

0.0047

0.0033

0.0014

100

100

100

99

93

50

32

Percent Finer

23

21

19

17

16

14

13

9

Spec. Percent Complies

 Coefficients
D   =0.2261 mm85

D   =0.1681 mm60

D   =0.1476 mm50

D   =0.0645 mm30

D   =0.0055 mm15

D   =0.0017 mm10

C   =98.882u C   =14.558c

 Classification
 ASTM Silty sand (SM)

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-24
Depth : 103-105

Sample Type: jar
Test Date: 03/03/17
Test Id: 405572

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark gray sandy clay
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:33 AM
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% Gravel

0.0

% Sand

43.8

% Silt & Clay Size

56.2

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0314

0.0215

0.0129

0.0092

0.0065

0.0046

0.0033

0.0014

100

100

100

99

99

90

56

Percent Finer

35

30

26

23

19

17

15

12

Spec. Percent Complies

 Coefficients
D   =0.1357 mm85

D   =0.0810 mm60

D   =0.0584 mm50

D   =0.0209 mm30

D   =0.0032 mm15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean clay (CL)

 AASHTO Clayey Soils (A-7-6 (8))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-2
Depth : 2-4

Sample Type: jar
Test Date: 03/03/17
Test Id: 405573

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, grayish brown sandy clay 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:34 AM
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% Gravel

0.0

% Sand

48.4

% Silt & Clay Size

51.6

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0318

0.0209

0.0123

0.0087

0.0062

0.0044

0.0032

0.0013

100

100

100

100

95

66

52

Percent Finer

47

42

36

34

30

28

24

18

Spec. Percent Complies

 Coefficients
D   =0.2085 mm85

D   =0.1113 mm60

D   =0.0567 mm50

D   =0.0064 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean clay (CL)

 AASHTO Clayey Soils (A-6 (3))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-5
Depth : 8-10

Sample Type: jar
Test Date: 03/06/17
Test Id: 405574

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:34 AM
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% Cobble

---

% Gravel

0.0

% Sand

72.7

% Silt & Clay Size

27.3

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0310

0.0229

0.0130

0.0093

0.0066

0.0047

0.0033

0.0014

100

100

100

99

97

71

27

Percent Finer

24

23

20

18

17

15

14

9

Spec. Percent Complies

 Coefficients
D   =0.1980 mm85

D   =0.1259 mm60

D   =0.1075 mm50

D   =0.0783 mm30

D   =0.0050 mm15

D   =0.0017 mm10

C   =74.059u C   =28.645c

 Classification
 ASTM Silty sand (SM)

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-6
Depth : 13-15

Sample Type: jar
Test Date: 03/03/17
Test Id: 405580

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:35 AM
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% Gravel

0.0

% Sand

85.7

% Silt & Clay Size

14.3

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

4.75

2.00

0.85

0.42

0.25

0.15

0.075

100

99

90

59

22

15

14

 Coefficients
D   =0.7605 mm85

D   =0.4317 mm60

D   =0.3727 mm50

D   =0.2811 mm30

D   =0.1190 mm15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM N/A

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: Shelby
Depth : 30-32

Sample Type: tube
Test Date: 03/06/17
Test Id: 405565

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, gray organic clay with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:36 AM
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% Cobble

---

% Gravel

0.0

% Sand

18.8

% Silt & Clay Size

81.2

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0307

0.0187

0.0116

0.0084

0.0060

0.0043

0.0031

0.0013

100

100

100

100

99

96

81

Percent Finer

66

56

48

44

40

35

31

25

Spec. Percent Complies

 Coefficients
D   =0.0899 mm85

D   =0.0228 mm60

D   =0.0128 mm50

D   =0.0025 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Organic clay with sand (OH)

 AASHTO Clayey Soils (A-7-6 (46))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: Shelby
Depth : 45-47

Sample Type: tube
Test Date: 03/06/17
Test Id: 405859

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, gray organic clay with sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:37 AM
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% Cobble

---

% Gravel

0.0

% Sand

23.8

% Silt & Clay Size

76.2

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0276

0.0186

0.0111

0.0080

0.0057

0.0042

0.0030

0.0013

100

100

100

100

100

95

76

Percent Finer

62

60

57

54

50

43

40

29

Spec. Percent Complies

 Coefficients
D   =0.1035 mm85

D   =0.0173 mm60

D   =0.0057 mm50

D   =0.0014 mm30

D   =N/A15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Organic clay with sand (OH)

 AASHTO Clayey Soils (A-7-6 (43))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-15
Depth : 58-60

Sample Type: jar
Test Date: 03/06/17
Test Id: 405575

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:38 AM
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% Cobble

---

% Gravel

0.0

% Sand

82.1

% Silt & Clay Size

17.9

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0329

0.0227

0.0133

0.0094

0.0067

0.0047

0.0033

0.0014

100

100

99

97

91

44

18

Percent Finer

15

14

12

11

9

8

7

4

Spec. Percent Complies

 Coefficients
D   =0.2347 mm85

D   =0.1792 mm60

D   =0.1608 mm50

D   =0.1040 mm30

D   =0.0334 mm15

D   =0.0075 mm10

C   =23.893u C   =8.048c

 Classification
 ASTM Silty sand (SM)

 AASHTO Silty Gravel and Sand (A-2-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-20
Depth : 83-85

Sample Type: jar
Test Date: 03/06/17
Test Id: 405576

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark gray clayey sand
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:38 AM
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% Cobble

---

% Gravel

0.0

% Sand

55.0

% Silt & Clay Size

45.0

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0340

0.0212

0.0125

0.0091

0.0065

0.0046

0.0032

0.0014

100

100

100

100

99

75

48

Percent Finer

40

32

24

20

16

14

12

8

Spec. Percent Complies

 Coefficients
D   =0.1843 mm85

D   =0.1022 mm60

D   =0.0797 mm50

D   =0.0187 mm30

D   =0.0054 mm15

D   =0.0021 mm10

C   =48.667u C   =1.629c

 Classification
 ASTM Clayey sand (SC)

 AASHTO Clayey Soils (A-6 (3))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-23
Depth : 98-100

Sample Type: jar
Test Date: 03/06/17
Test Id: 405577

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive sandy clay
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:39 AM
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% Gravel

0.0

% Sand

43.5

% Silt & Clay Size

56.5

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0327

0.0214

0.0125

0.0089

0.0064

0.0046

0.0033

0.0014

100

100

100

100

100

91

56

Percent Finer

43

36

28

24

21

18

16

10

Spec. Percent Complies

 Coefficients
D   =0.1322 mm85

D   =0.0804 mm60

D   =0.0508 mm50

D   =0.0141 mm30

D   =0.0027 mm15

D   =N/A10

C   =N/Au C   =N/Ac

 Classification
 ASTM Sandy Lean clay (CL)

 AASHTO Clayey Soils (A-7-6 (10))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-26
Depth : 113-115

Sample Type: jar
Test Date: 03/06/17
Test Id: 405578

Tested By: jbr
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

Particle Size Analysis - ASTM D422

printed 3/7/2017 10:29:40 AM

0

10

20

30

40

50

60

70

80

90

100

0.0010.010.11101001000

P
e
rc

e
n
t 
F

in
e
r

Grain Size (mm)

#
4 

#
10

 

#
20

 

#
40

 

#
60

 

#
10

0 

#
20

0 

% Cobble

---

% Gravel

0.0

% Sand

64.4

% Silt & Clay Size

35.6

Sieve Name Sieve Size, mm Percent Finer Spec. Percent Complies

#4 

#10 

#20 

#40 

#60 

#100 

#200 

---

---

---

---

---

---

---

---

---

4.75

2.00

0.85

0.42

0.25

0.15

0.075

Particle Size (mm)

0.0340

0.0216

0.0127

0.0091

0.0064

0.0045

0.0033

0.0014

100

100

100

100

98

62

36

Percent Finer

28

25

22

18

17

15

13

10

Spec. Percent Complies

 Coefficients
D   =0.2075 mm85

D   =0.1436 mm60

D   =0.1100 mm50

D   =0.0414 mm30

D   =0.0046 mm15

D   =0.0014 mm10

C   =102.571u C   =8.525c

 Classification
 ASTM Silty sand (SM)

 AASHTO Silty Soils (A-4 (0))

 Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

Dispersion Device : Apparatus A - Mech Mixer 

Dispersion Period : 1 minute

Specific Gravity : 2.65

Separation of Sample: #200 Sieve



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-3
Depth : 4-6

Sample Type: jar
Test Date: 03/03/17
Test Id: 405537

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, very dark brown clayey sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:06 AM

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

P
la

s
tic

ity
 I
n
d
e
x

Liquid Limit

Plasticity Chart

ML or OLCL-ML

CL or OL

MH or OH

CH or OH

"A" Line

"U" Line

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-3 RT58 B-1 4-6 32 34 22 12 0.8 Clayey sand (SC)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-6
Depth : 13-15

Sample Type: jar
Test Date: 03/02/17
Test Id: 405538

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive sandy organic clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:07 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-6 RT58 B-1 13-15 60 59 20 39 1 Sandy Organic clay (OH)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW

In order to properly describe the soil an Oven Dried Liquid Limit test was performed.
The Oven Dried Liquid Limit was 33



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: Shelby
Depth : 15-17

Sample Type: tube
Test Date: 03/03/17
Test Id: 405534

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Wet, olive gray clayey sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:07 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

Shelby RT58 B-1 15-17 40 30 14 16 1.6 Clayey sand (SC)

Sample Prepared using the WET method

19% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-7
Depth : 18-20

Sample Type: jar
Test Date: 03/06/17
Test Id: 405539

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive clayey sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:08 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-7 RT58 B-1 18-20 37 26 14 12 1.9 Clayey sand (SC)

Sample Prepared using the WET method

18% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-10
Depth : 33-35

Sample Type: jar
Test Date: 03/03/17
Test Id: 405540

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Wet, olive organic clay 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:09 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-10 RT58 B-1 33-35 81 77 24 53 1.1 Organic clay (OH)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW

In order to properly describe the soil an Oven Dried Liquid Limit test was performed.
The Oven Dried Liquid Limit was 44



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-18
Depth : 73-75

Sample Type: jar
Test Date: 03/03/17
Test Id: 405541

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:10 AM

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-18 RT58 B-1 73-75 36 n/a n/a n/a n/a Silty sand (SM)

Sample Determined to be non-plastic

1% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-1
Sample ID: S-24
Depth : 103-105

Sample Type: jar
Test Date: 03/02/17
Test Id: 405542

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark gray sandy clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:10 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-24 RT58 B-1 103-105 36 44 26 18 0.6 Sandy Lean clay (CL)

Sample Prepared using the WET method

1% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-2
Depth : 2-4

Sample Type: jar
Test Date: 03/02/17
Test Id: 405543

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, grayish brown sandy clay 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:11 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-2 RT58 B-2 2-4 21 28 15 13 0.5 Sandy Lean clay (CL)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-5
Depth : 8-10

Sample Type: jar
Test Date: 03/02/17
Test Id: 405544

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:12 AM

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-5 RT58 B-2 8-10 35 n/a n/a n/a n/a Silty sand (SM)

Sample Determined to be non-plastic

1% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: Shelby
Depth : 30-32

Sample Type: tube
Test Date: 03/03/17
Test Id: 405535

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, gray organic clay with sand
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:12 AM
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

Shelby RT58 B-2 30-32 57 77 24 53 0.6 Organic clay with sand (OH)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW

In order to properly describe the soil an Oven Dried Liquid Limit test was performed.
The Oven Dried Liquid Limit was 45



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: Shelby
Depth : 45-47

Sample Type: tube
Test Date: 03/06/17
Test Id: 405536

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, gray organic clay with sand
Sample Comment: ---
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

Shelby RT58 B-2 45-47 64 82 29 53 0.7 Organic clay with sand (OH)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW

In order to properly describe the soil an Oven Dried Liquid Limit test was performed.
The Oven Dried Liquid Limit was 47



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-15
Depth : 58-60

Sample Type: jar
Test Date: 03/03/17
Test Id: 405545

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:14 AM

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-15 RT58 B-2 58-60 29 n/a n/a n/a n/a Silty sand (SM)

Sample Determined to be non-plastic

3% Retained on #40 Sieve

Dry Strength: MEDIUM

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-20
Depth : 83-85

Sample Type: jar
Test Date: 03/03/17
Test Id: 405546

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, dark gray clayey sand
Sample Comment: ---
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-20 RT58 B-2 83-85 32 36 23 13 0.7 Clayey sand (SC)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: VERY HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-23
Depth : 98-100

Sample Type: jar
Test Date: 03/06/17
Test Id: 405547

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive sandy clay
Sample Comment: ---

 Atterberg Limits - ASTM D4318
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Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-23 RT58 B-2 98-100 37 46 23 23 0.6 Sandy Lean clay (CL)

Sample Prepared using the WET method

0% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: SLOW

Toughness: LOW



Client: Geosyntec Consultants
Project: I-58 Crossing
Location: VA Project No: GTX-306079
Boring ID: RT58 B-2
Sample ID: S-26
Depth : 113-115

Sample Type: jar
Test Date: 03/02/17
Test Id: 405548

Tested By: cam
Checked By: emm

Test Comment: ---
Visual Description: Moist, olive silty sand 
Sample Comment: ---

 Atterberg Limits - ASTM D4318

printed 3/7/2017 10:31:16 AM

Symbol Sample ID Boring Depth Natural
Moisture

Content,%

Liquid
Limit

Plastic
Limit

Plasticity
Index

Liquidity
Index

Soil Classification

S-26 RT58 B-2 113-115 35 n/a n/a n/a n/a Silty sand (SM)

Sample Determined to be non-plastic

0% Retained on #40 Sieve

Dry Strength: HIGH

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic
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APPENDIX D 

FISHBURNE’S REPORT OF STANDARD PENETRATION TEST  

HAMMER CALIBRATION 

 

 

  



 

 

FROEHLING & ROBERTSON, INC. 
Engineering Stability Since 1881 

 
Greenbrier Commerce Park 
833 Professional Place, W. 

Chesapeake, Virginia  23320‐3601 
T 757.436.1111 I F 757.436.1674 

          
Corporate HQ:   3015 Dumbarton Road     Richmond, Virginia  23228     T 804.264.2701     F 804.264.1202     www.fandr.com 

 

VIRGINIA • NORTH CAROLINA • SOUTH CAROLINA • MARYLAND • DISTRICT OF COLUMBIA 
 

A Minority‐Owned Business 
 

September 7, 2016 

REPORT OF STANDARD PENETRATION TEST HAMMER CALIBRATION 

Fishburne Drilling, Inc. 

3219 South Military Highway 

Chesapeake, Virginia 23323 

Attn:  Mr. Mike Young 

Re:  SPT Hammer Energy Measurements 

  Fishburne CME 55, Serial No. 395465 

  Chesapeake, Virginia 

Dear Mr. Young: 

The purpose of this report is to present the results of Standard Penetration Test (SPT) hammer 

energy measurements obtained  for Fishburne Drilling,  Inc.  (Fishburne), CME 55 drill  rig  Serial 

No.  395465.    Data  collection  and  report  preparation  procedures  were  performed  in  general 

accordance with ASTM D4633‐10.   

Dynamic Measurement and Instrumentation 

Dynamic measurements were made with one pair of foil strain transducers epoxied to, and one 

pair of accelerometers mechanically attached to a calibrated rod, Serial No. 304 AWJ‐1.  Analog 

signals  from  the  sensors  measured  during  testing  were  recorded  and  processed  by  the  Pile 

Driving Analyzer (PDA) model PAK at a sampling frequency of 20,000 Hz.  Printed outputs from 

the PDA applicable to SPT hammer calibration include blow count per six‐inch increment (BLC), 

blows  per  minute  (BPM),  energy  transferred  into  drill  rod  by  Force‐Velocity  method  (EFV), 

energy  transfer  ratio  (ETR),  maximum  force  (FMX),  maximum  velocity  (VMX),  maximum 

displacement (DMX), final displacement (DFN), and maximum compressive stress (CSX) for each 

recorded hammer strike.  The force and velocity records were inspected on the PDA monitor to 

check  for  data  quality.    Printed  outputs  are  available  in  Appendix  I  attached  to  this  report, 

accompanied  by  a  representative  force  and  normalized  velocity wave  curve  for  each  sample 

depth  tested.    Additionally,  the  testing  summary  including  drill  rig,  hammer,  and  testing 

instrumentation  information  are  included  in  Appendix  I.    Attached  in  Appendix  II  are  the 

associated PDA and transducer calibration data. 
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SPT energy measurements were performed on the referenced CME 55 drill rig utilizing AW drill 

rod  with  an  attached  split  spoon  sampler.    The  gaged  rod,  fixed  beneath  the  anvil,  has  a 

measured cross sectional area of 1.19 square inches.  A standard 1.4‐inch I.D., 2‐inch O.D., and 

30‐inch long split spoon sampler, was driven into the existing subsurface material with a 140‐lb 

automatic hammer falling 30 inches.  The number of blows required to drive the sampler each 

6‐inch increment of penetration was recorded at the time of sampling.  The sum of the second 

and third penetration increments is termed the SPT value, “NField”. 

The  soil  boring  with  hammer  energy  testing  was  performed  on  September  2,  2016  at  the 

Fishburne office in Chesapeake, Virginia.  Energy measurements were made at depths ranging 

from 48.6 to 60 feet below the existing ground surface.   The soils encountered during drilling 

were generally described as gray, fine sand with trace silt underlain by light gray, silty fine sand 

with marine  shell  fragments.   At  the  time of  this  report,  a  representative boring  log was not 

available. 

Measurement & Calculation 

Energy induced into the drill rod for each hammer strike is measured with the gaged rod at the 

transducer locations.  In accordance with ASTM D4633‐10, the energy transferred into the drill 

rod (EFV) is performed with the following FV Method time varying function: 

  EFV= max [∫F(t) v(t) dt] 

The integration is carried from start to end of the time record of each recorded blow and the 

maximum energy transfer is determined at any time in the record. 

Correction of SPT Nfield values to the corrected N60 with an appropriate energy correction (CE) 

should be performed in accordance with regional or project specific methods by a professional 

engineer using acceptable engineering judgment.  One such method is to divide the calibrated 

average  EFV  by  60%  of  the  theoretical  energy  produced  by  a  140‐pound  hammer  falling  30 

inches as estimated for the rope and cathead.  This CE is then multiplied to the NField for the N60 

correction. 
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Summary of Results  

The  following  Table  1  provides  a  summary  of  the  test  results  for  each  sample  depth.    Data 

included  in  the  table  summarizes  the  blows  of  the  second  and  third,  6‐inch  increments  of 

sampling (NField) at the referenced sample depth in accordance with ASTM D4633, Note 10.  The 

data and tables included in Appendix I contain averaged data for each blow of the entire data 

set.    The  average  transferred  energy  values  have  been  calculated  by  the  EFV method.    The 

energy transfer ratio (ETR)  is calculated utilizing the ratio of the maximum transferred energy 

EFV to the theoretical energy of the 140‐pound hammer dropping 30 inches (350 ft‐lb).   

Table 1 – Summary of SPT Hammer Performance 

Sample 
Depth 

Rod 
Length 
w/ 
Split 
Spoon 

Blow Count 
SPT 
NField 
Value 

Average 
Energy 
Transfer 

FV 
Method 

Average 
Energy 
Transfer 
Ratio 

Blows 
per 

Minute 

Range of 
Energy 
Transfer 

Range of 
Energy 
Transfer 
Ratio 

(feet 
BGS) 

(feet)  (blows/6”)  (bpf)  (ft‐lb)  (%)  (bpm)  (ft‐lb)  (%) 

48.5‐50  54  4‐4‐4  8  297  84.8  54.5  293‐301  83.8‐85.9

55‐56.5  62  3‐5‐11  16  305  87.0  54.2  298‐313  85.2‐89.4

58.5‐60  64  9‐12‐18  30  302  86.4  54.2  291‐314  83.1‐89.8

Average  302  86.3  54.2 

Standard Dev.  5.83  1.65  0.17 

Conclusions 

Dynamic measurements of the transferred energy to the drill rod using the EFV method showed 

a range of 291 to 314 ft‐lb for the referenced drill rig.  The average transferred energy of 302 ft‐

lb corresponds to a transferred efficiency of 86.3 percent. 

 

 

 

 





 

 

APPENDIX I 

Standard Penetration Test Energy Calibration Data 

 



 

          
Corporate HQ:   3015 Dumbarton Road     Richmond, Virginia  23228     T 804.264.2701     F 804.264.1202     www.fandr.com 

 

VIRGINIA • NORTH CAROLINA • SOUTH CAROLINA • MARYLAND • DISTRICT OF COLUMBIA 
 

A Minority‐Owned Business 

 

Engineering Stability Since 1881 
 

Greenbrier Commerce Park 
833 Professional Place, West 

Chesapeake, Virginia  23320‐3601 I USA 
T 757.436.1111 I F 757.436.1674  

FROEHLING & ROBERTSON, INC. 

REPORT OF ENERGY MEASUREMENT FOR DYNAMIC PENETROMETERS – ASTM D4633‐10 
 

Client:    Fishburne Drilling, Inc. 
3219 South Military Highway 
Chesapeake, Virginia 23323 

F&R Record No: 
Project Name: 
 

61T‐0221 
SPT Hammer Energy 
Measurements 

Attention:  Mr. Mike Young     
       
Date of Test:  September 2, 2016  Boring Location:  Fishburne Office 
Date of Report:  September 7, 2016    Chesapeake, Virginia 
 
 

Drill Rig Data 
Manufacturer/Model  Rig No.  Serial No.  Operator  Type 

CME/55  ‐  395465  J. Raasio  Track 

 

Hammer Data 
Type  Model  Serial No.  Ram Weight (lbs.)  Drop Height (in.) 

Automatic  CME  ‐  140.0  30 

 

Drill String Data 
Manufacturer  Type  OD (in.)  ID (in.)  Area (in2)  Lengths (ft) 

CME  AW  1.75  1.25  1.17  5, 10 

 

Calibration Equipment Data (PDA Unit) 
Manufacturer  Type  Serial No.  Date of Calibration  Accelerometers/Date of Calibration1

Pile Dynamics, Inc.  PAK  1721K  July 14, 2015  K4975 & K609/March 2015 

 

Calibration Equipment Data (Rod) 
Manufacturer  Type  OD (in.)  ID (in.)  Area (in2)  Strain Gages/Date of Calibration1

Pile Dynamics, Inc.  AWJ  1.75  1.25  1.19  Bridge 1 & 2/April 14, 2015 
1 ‐ See Appendix II for calibration data.   
 

Brief Summary of Hammer Performance2 

Avg. FV (ft‐lbs)  Avg. ETR (%)  Avg. BPM  Range of Sample Depths (ft) 

302  86.3  54.2  48.6 ‐ 60 
2 ‐ See Table 1 in report for detailed summary. 
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Froehling & Robertson Inc - PDIPLOT2 Ver 2016.1.56.3 - Case Method & iCAP® Results
Printed: 06-September-2016 Test started: 01-January-2001

Fishburne S/N 395465 - 48.5' - 50'
BLC (bl/6in)

Blow Count

CSX (ksi)
Max Measured Compr. Stress
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49.50

50.00

50.50

0 3 6 9 12
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FMX (kips)
Maximum Force

VMX (f/s)
Maximum Velocity
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0.0 10.0 20.0 30.0 40.0

EFV (k-ft)
Energy of FV

ETR ((%))
Energy Transfer Ratio - Rated
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0.0 25.0 50.0 75.0 100.0



Froehling & Robertson Inc Page 1
Case Method & iCAP® Results PDIPLOT2 2016.1.56.3 - Printed 06-September-2016

Fishburne S/N 395465 - 48.5' - 50' AW Rod
OP: T. Elmore Date: 01-January-2001
AR: 1.19 in² SP: 0.492 k/ft³
LE: 54.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.60 []
FMX: Maximum Force DFN: Final Displacement
CSX: Max Measured Compr. Stress EFV: Energy of FV
VMX: Maximum Velocity ETR: Energy Transfer Ratio - Rated
DMX: Maximum Displacement BPM: Blows per Minute
BL# Depth BLC FMX CSX VMX DMX DFN EFV ETR BPM

ft bl/6in kips ksi f/s in in k-ft (%) bpm
1 48.63 4 25.5 21.4 14.6 1.50 1.50 0.293 83.8 54.6
2 48.75 4 25.7 21.6 15.0 1.50 1.50 0.296 84.6 54.6
3 48.88 4 25.9 21.8 15.1 1.50 1.50 0.295 84.3 54.4
4 49.00 4 26.1 22.0 15.3 1.50 1.50 0.297 84.9 54.6
5 49.13 4 26.6 22.3 15.2 1.50 1.50 0.301 85.9 54.4
6 49.25 4 26.5 22.2 15.1 1.50 1.50 0.299 85.4 54.6
7 49.38 4 26.6 22.4 15.1 1.50 1.50 0.297 84.9 54.4
8 49.50 4 26.8 22.5 14.8 1.50 1.50 0.293 83.8 54.7
9 49.63 4 26.9 22.6 15.0 1.50 1.50 0.297 85.0 54.4

10 49.75 4 26.8 22.5 15.1 1.50 1.50 0.296 84.6 54.3
11 49.88 4 26.5 22.3 15.4 1.50 1.50 0.300 85.6 54.4
12 50.00 4 26.8 22.5 15.3 1.50 1.50 0.296 84.7 54.2

Average 26.4 22.2 15.1 1.50 1.50 0.297 84.8 54.5
Std. Dev. 0.4 0.4 0.2 0.00 0.00 0.002 0.6 0.1
Maximum 26.9 22.6 15.4 1.50 1.50 0.301 85.9 54.7
@ Blow# 9 9 11 10 8 5 5 8
Minimum 25.5 21.4 14.6 1.50 1.50 0.293 83.8 54.2
@ Blow# 1 1 1 1 1 8 8 12

Total number of blows analyzed: 12

BL# Sensors
1-12 F3: [Bridge1] 208.4 (1.00); F4: [Bridge2] 206.8 (1.00); A3: [K4975] 325.0 (0.92);

A4: [K609] 322.0 (1.00)

Time Summary
Drive 12 seconds 1:06 AM - 1:06 AM BN 1 - 12



Froehling & Robertson Inc
Fishburne S/N 395465
PDA OP: T. Elmore

PILE DRIVING ANALYZER ®
Version 2015.124.002
48.5' - 50'
AW Rod

BN   2
1/1/2001 1:06:14 AM
FMX kips26
CSX ksi21.6
VMX f/s15.0
DMX in1.50
DFN in1.50
EFV k-ft0.3
ETR (%)84.6
BPM bpm54.6
QNV []0.00

LE ft54.00
AR in^21.19
EM ksi30000
SP k/ft30.492
WS f/s16807.9
EA/C ksec/ft2.1
LP ft48.75

F34   A34

F3: [Bridge1] 208.37 (1)
F4: [Bridge2] 206.78 (1)
A3: [K4975] 325 mv/5000g's (0.92)
A4: [K609] 322 mv/5000g's (1)

6.45 ms
25.6ms

50
kips

F1

50
kips

F2

25.6ms

23.5
f/s

V1

23.5
f/s

V2



Froehling & Robertson Inc - PDIPLOT2 Ver 2016.1.56.3 - Case Method & iCAP® Results
Printed: 06-September-2016 Test started: 01-January-2001

Fishburne S/N 395465 - 55' - 56.5'
BLC (bl/6in)

Blow Count

CSX (ksi)
Max Measured Compr. Stress
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Froehling & Robertson Inc Page 1
Case Method & iCAP® Results PDIPLOT2 2016.1.56.3 - Printed 06-September-2016

Fishburne S/N 395465 - 55' - 56.5' AW Rod
OP: T. Elmore Date: 01-January-2001
AR: 1.19 in² SP: 0.492 k/ft³
LE: 62.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.60 []
FMX: Maximum Force DFN: Final Displacement
CSX: Max Measured Compr. Stress EFV: Energy of FV
VMX: Maximum Velocity ETR: Energy Transfer Ratio - Rated
DMX: Maximum Displacement BPM: Blows per Minute
BL# Depth BLC FMX CSX VMX DMX DFN EFV ETR BPM

ft bl/6in kips ksi f/s in in k-ft (%) bpm
1 55.17 3 25.0 21.0 15.6 2.00 2.00 0.306 87.4 54.2
2 55.33 3 25.4 21.3 15.6 2.00 2.00 0.310 88.4 54.4
3 55.50 3 26.3 22.1 15.5 2.00 2.00 0.313 89.4 54.0
4 55.60 5 24.6 20.7 15.6 1.20 1.20 0.307 87.6 54.6
5 55.70 5 25.0 21.0 15.4 1.20 1.20 0.298 85.2 54.2
6 55.80 5 25.7 21.6 15.1 1.20 1.20 0.305 87.0 54.2
7 55.90 5 26.1 22.0 15.1 1.20 1.20 0.298 85.2 54.4
8 56.00 5 26.6 22.4 15.1 1.20 1.20 0.302 86.2 54.2
9 56.05 11 26.8 22.5 15.3 0.59 0.55 0.299 85.5 54.2

10 56.09 11 26.6 22.3 15.3 0.56 0.55 0.300 85.6 54.2
11 56.14 11 26.3 22.1 15.3 0.55 0.55 0.300 85.8 54.1
12 56.18 11 26.2 22.0 15.5 0.55 0.55 0.300 85.7 54.3
13 56.23 11 26.0 21.9 15.5 0.55 0.55 0.301 85.9 54.2
14 56.27 11 26.7 22.5 15.6 0.56 0.55 0.304 86.9 54.1
15 56.32 11 26.2 22.0 15.8 0.57 0.55 0.307 87.7 54.2
16 56.36 11 26.5 22.3 15.8 0.57 0.55 0.308 88.0 54.1
17 56.41 11 26.3 22.1 16.0 0.57 0.55 0.309 88.2 54.2
18 56.45 11 26.2 22.0 15.9 0.56 0.55 0.309 88.2 54.1
19 56.50 11 26.3 22.1 16.2 0.55 0.55 0.312 89.1 54.0

Average 26.0 21.9 15.5 0.96 0.95 0.305 87.0 54.2
Std. Dev. 0.6 0.5 0.3 0.53 0.53 0.005 1.3 0.1
Maximum 26.8 22.5 16.2 2.00 2.00 0.313 89.4 54.6
@ Blow# 9 9 19 3 3 3 3 4
Minimum 24.6 20.7 15.1 0.55 0.55 0.298 85.2 54.0
@ Blow# 4 4 6 12 9 7 7 3

Total number of blows analyzed: 19

BL# Sensors
1-19 F3: [Bridge1] 208.4 (1.00); F4: [Bridge2] 206.8 (1.00); A3: [K4975] 325.0 (0.92);

A4: [K609] 322.0 (1.00)

Time Summary
Drive 19 seconds 1:14 AM - 1:14 AM BN 1 - 19



Froehling & Robertson Inc
Fishburne S/N 395465
PDA OP: T. Elmore

PILE DRIVING ANALYZER ®
Version 2015.124.002
55' - 56.5'
AW Rod

BN   7
1/1/2001 1:14:33 AM
FMX kips26
CSX ksi22.0
VMX f/s15.1
DMX in1.20
DFN in1.20
EFV k-ft0.3
ETR (%)85.2
BPM bpm54.4
QNV []0.00

LE ft62.00
AR in^21.19
EM ksi30000
SP k/ft30.492
WS f/s16807.9
EA/C ksec/ft2.1
LP ft55.90

F34   A34

F3: [Bridge1] 208.37 (1)
F4: [Bridge2] 206.78 (1)
A3: [K4975] 325 mv/5000g's (0.92)
A4: [K609] 322 mv/5000g's (1)

7.40 ms
25.6ms

50
kips

F1

50
kips

F2

25.6ms

23.5
f/s

V1

23.5
f/s

V2



Froehling & Robertson Inc - PDIPLOT2 Ver 2016.1.56.3 - Case Method & iCAP® Results
Printed: 06-September-2016 Test started: 01-January-2001

Fishburne S/N 395465 - 58.5' - 60'
BLC (bl/6in)
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Max Measured Compr. Stress
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Froehling & Robertson Inc Page 1
Case Method & iCAP® Results PDIPLOT2 2016.1.56.3 - Printed 06-September-2016

Fishburne S/N 395465 - 58.5' - 60' AW Rod
OP: T. Elmore Date: 01-January-2001
AR: 1.19 in² SP: 0.492 k/ft³
LE: 64.00 ft EM: 30,000 ksi
WS: 16,807.9 f/s JC: 0.60 []
FMX: Maximum Force DFN: Final Displacement
CSX: Max Measured Compr. Stress EFV: Energy of FV
VMX: Maximum Velocity ETR: Energy Transfer Ratio - Rated
DMX: Maximum Displacement BPM: Blows per Minute
BL# Depth BLC FMX CSX VMX DMX DFN EFV ETR BPM

ft bl/6in kips ksi f/s in in k-ft (%) bpm
1 58.56 9 25.8 21.7 15.8 0.69 0.67 0.304 86.8 54.4
2 58.61 9 26.0 21.8 16.0 0.67 0.66 0.296 84.7 54.4
3 58.67 9 25.7 21.6 15.9 0.70 0.67 0.299 85.5 54.3
4 58.72 9 25.9 21.8 15.9 0.70 0.67 0.292 83.4 54.3
5 58.78 9 25.9 21.8 15.9 0.69 0.67 0.294 83.9 54.5
6 58.83 9 26.0 21.9 16.1 0.68 0.66 0.291 83.1 54.1
7 58.89 9 26.3 22.1 16.1 0.67 0.67 0.299 85.3 54.4
8 58.94 9 26.3 22.1 16.2 0.67 0.67 0.300 85.6 54.2
9 59.00 9 26.2 22.0 16.2 0.67 0.67 0.300 85.6 54.2

10 59.04 12 26.3 22.1 16.2 0.53 0.50 0.294 83.9 54.2
11 59.08 12 25.7 21.6 16.2 0.53 0.50 0.295 84.3 54.3
12 59.13 12 25.9 21.8 16.3 0.53 0.50 0.300 85.6 54.1
13 59.17 12 26.2 22.0 16.5 0.54 0.50 0.305 87.2 54.2
14 59.21 12 26.0 21.8 16.2 0.55 0.50 0.310 88.6 54.2
15 59.25 12 26.1 21.9 16.4 0.55 0.50 0.310 88.5 54.2
16 59.29 12 26.0 21.9 16.4 0.54 0.50 0.312 89.2 54.2
17 59.33 12 25.8 21.7 16.4 0.51 0.50 0.308 88.0 54.2
18 59.38 12 26.0 21.8 16.2 0.50 0.50 0.308 88.1 54.1
19 59.42 12 26.2 22.0 16.2 0.50 0.50 0.309 88.3 54.2
20 59.46 12 25.5 21.4 15.9 0.50 0.50 0.303 86.7 54.2
21 59.50 12 25.7 21.6 16.0 0.51 0.50 0.307 87.6 54.1
22 59.53 18 25.7 21.6 15.7 0.49 0.33 0.297 84.7 54.2
23 59.56 18 26.1 21.9 15.9 0.47 0.33 0.297 84.7 54.1
24 59.58 18 26.1 21.9 16.0 0.49 0.33 0.300 85.8 54.2
25 59.61 18 26.3 22.1 16.1 0.48 0.33 0.298 85.1 54.2
26 59.64 18 26.3 22.1 16.1 0.47 0.33 0.297 85.0 54.2
27 59.67 18 26.3 22.1 15.9 0.48 0.33 0.300 85.6 54.0
28 59.69 18 26.1 21.9 16.1 0.47 0.33 0.298 85.2 54.2
29 59.72 18 26.4 22.2 16.0 0.45 0.33 0.298 85.2 54.2
30 59.75 18 26.4 22.2 16.2 0.47 0.33 0.304 86.8 54.0
31 59.78 18 26.5 22.3 16.3 0.48 0.33 0.308 88.0 54.1
32 59.81 18 26.4 22.2 16.3 0.46 0.33 0.310 88.5 54.2
33 59.83 18 26.2 22.1 16.5 0.45 0.33 0.308 87.9 54.1
34 59.86 18 26.4 22.2 16.5 0.45 0.33 0.314 89.8 54.1
35 59.89 18 26.3 22.1 16.6 0.44 0.33 0.311 88.8 54.1
36 59.92 18 26.4 22.2 16.3 0.42 0.33 0.306 87.5 54.1
37 59.94 18 26.4 22.2 16.3 0.43 0.33 0.308 88.0 53.9
38 59.97 18 26.3 22.1 15.9 0.40 0.33 0.298 85.3 54.2
39 60.00 18 26.6 22.4 16.0 0.41 0.33 0.303 86.5 53.8

Average 26.1 22.0 16.1 0.53 0.46 0.302 86.4 54.2
Std. Dev. 0.3 0.2 0.2 0.09 0.13 0.006 1.7 0.1
Maximum 26.6 22.4 16.6 0.70 0.67 0.314 89.8 54.5
@ Blow# 39 39 35 3 7 34 34 5
Minimum 25.5 21.4 15.7 0.40 0.33 0.291 83.1 53.8
@ Blow# 20 20 22 38 22 6 6 39

Total number of blows analyzed: 39



Froehling & Robertson Inc Page 2
Case Method & iCAP® Results PDIPLOT2 2016.1.56.3 - Printed 06-September-2016

Fishburne S/N 395465 - 58.5' - 60' AW Rod
OP: T. Elmore Date: 01-January-2001
BL# Depth BLC FMX CSX VMX DMX DFN EFV ETR BPM

ft bl/6in kips ksi f/s in in k-ft (%) bpm

BL# Sensors
1-39 F3: [Bridge1] 208.4 (1.00); F4: [Bridge2] 206.8 (1.00); A3: [K4975] 325.0 (0.92);

A4: [K609] 322.0 (1.00)

Time Summary
Drive 42 seconds 1:28 AM - 1:28 AM BN 1 - 39



Froehling & Robertson Inc
Fishburne S/N 395465
PDA OP: T. Elmore

PILE DRIVING ANALYZER ®
Version 2015.124.002
58.5' - 60'
AW Rod

BN   30
1/1/2001 1:28:45 AM
FMX kips26
CSX ksi22.2
VMX f/s16.2
DMX in0.47
DFN in0.33
EFV k-ft0.3
ETR (%)86.8
BPM bpm54.0
QNV []0.00

LE ft64.00
AR in^21.19
EM ksi30000
SP k/ft30.492
WS f/s16807.9
EA/C ksec/ft2.1
LP ft59.75

F34   A34

F3: [Bridge1] 208.37 (1)
F4: [Bridge2] 206.78 (1)
A3: [K4975] 325 mv/5000g's (0.92)
A4: [K609] 322 mv/5000g's (1)

7.60 ms
25.6ms

50
kips

F1

50
kips

F2

25.6ms

23.5
f/s

V1

23.5
f/s

V2
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APPENDIX E 

SUMMARY OF SPT CORRELATIONS, INDEX TEST ON SOIL



Borehole ID Sample 
Depth

Sample 
Elevation 

(msl)
Strata Soil 

Classification Rig ID
Hammer 
Energy 

Efficiency
N-Value N60-Value

Effective 
Vertical 
Stress,

σ'vo

CN N1,60-Value
Friction 
Angle,

φ'

Sands with 
Fines

E = 5N60patm 

(Callanan and 
Kulhawy, 

1985)

Relative 
Density

Undrained 
Shear Strength
su = 0.06N60patm 

(Terzaghi and 
Peck, 1967)

Undrained 
Young's 
Modulus

Eus = 500su

Consistency

(ft) (ft) (%) (blows/ft) (blows/ft) (psf) (blows/ft) (degrees) (ksf) (ksf) (ksf)

RT58 B-1 1.0 +27.9 Fill SC CME 55 86.3 11 16 115 1.70 27 35.4 167 Medium
RT58 B-1 3.0 +25.9 Fill SC CME 55 86.3 15 22 345 1.70 37 38.1 228 Medium
RT58 B-1 5.0 +23.9 Fill SC CME 55 86.3 6 9 575 1.70 15 31.7 91 Loose
RT58 B-1 7.0 +21.9 Marsh Deposits SC CME 55 86.3 8 12 722 1.70 20 33.3 122 Medium
RT58 B-1 9.0 +19.9 Marsh Deposits SP CME 55 86.3 9 13 842 1.59 21 33.6 137 Medium
RT58 B-1 14.0 +14.9 Marsh Deposits OH CME 55 86.3 0 0 1,130 1.37 0 0.00 0 Very Soft
RT58 B-1 19.0 +9.9 Marsh Deposits SC CME 55 86.3 1 1 1,378 1.24 2 26.9 15 Very Loose
RT58 B-1 24.0 +4.9 Marsh Deposits ML CME 55 86.3 1 1 1,636 1.14 2 0.18 91 Very Soft
RT58 B-1 29.0 -0.1 Marsh Deposits OH CME 55 86.3 2 3 1,864 1.07 3 0.37 183 Soft
RT58 B-1 34.0 -5.1 Marsh Deposits OH CME 55 86.3 1 1 2,052 1.02 1 0.18 91 Very Soft
RT58 B-1 39.0 -10.1 Marsh Deposits SP-SC CME 55 86.3 6 9 2,313 0.96 8 29.6 91 Loose
RT58 B-1 44.0 -15.1 Marsh Deposits SP-SC CME 55 86.3 9 13 2,576 0.91 12 30.6 137 Medium
RT58 B-1 49.0 -20.1 Marsh Deposits SP-SC CME 55 86.3 6 9 2,839 0.86 7 29.2 91 Loose
RT58 B-1 54.0 -25.1 Marine Deposits SP CME 55 86.3 29 42 3,112 0.82 34 37.6 441 Dense
RT58 B-1 59.0 -30.1 Marine Deposits SM CME 55 86.3 21 30 3,415 0.79 24 34.6 320 Dense
RT58 B-1 64.0 -35.1 Marine Deposits SM CME 55 86.3 15 22 3,678 0.76 16 32.3 228 Medium
RT58 B-1 69.0 -40.1 Marine Deposits SM CME 55 86.3 14 20 3,941 0.73 15 31.7 213 Medium
RT58 B-1 74.0 -45.1 Marine Deposits SM CME 55 86.3 12 17 4,204 0.71 12 31.0 183 Medium
RT58 B-1 79.0 -50.1 Marine Deposits SM CME 55 86.3 9 13 4,467 0.69 9 29.6 137 Medium
RT58 B-1 84.0 -55.1 Marine Deposits CL CME 55 86.3 11 16 4,725 0.67 11 2.01 1,004 Very Stiff
RT58 B-1 89.0 -60.1 Marine Deposits CL CME 55 86.3 7 10 4,963 0.65 7 1.28 639 Stiff
RT58 B-1 94.0 -65.1 Marine Deposits CL CME 55 86.3 6 9 5,201 0.64 6 1.10 548 Stiff
RT58 B-1 99.0 -70.1 Marine Deposits CL CME 55 86.3 6 9 5,439 0.62 5 1.10 548 Stiff
RT58 B-1 104.0 -75.1 Marine Deposits CL CME 55 86.3 7 10 5,677 0.61 6 1.28 639 Stiff
RT58 B-1 109.0 -80.1 Marine Deposits CL CME 55 86.3 7 10 5,915 0.60 6 1.28 639 Stiff
RT58 B-1 114.0 -85.1 Marine Deposits CL CME 55 86.3 17 24 6,153 0.59 14 3.10 1,552 Very Stiff
RT58 B-2 1.0 +24.3 Fill SM CME 55 86.3 7 10 115 1.70 17 32.7 107 Medium
RT58 B-2 3.0 +22.3 Marsh Deposits CL CME 55 86.3 4 6 338 1.70 10 0.73 365 Medium
RT58 B-2 5.0 +20.3 Marsh Deposits CL CME 55 86.3 4 6 558 1.70 10 0.73 365 Medium
RT58 B-2 7.0 +18.3 Marsh Deposits SM CME 55 86.3 8 12 715 1.70 20 33.3 122 Medium

Summary of SPT Correlations

Atlantic Coast Pipeline - Horizontal Directionally Drilling - Route 58

3/9/2017 Page 1 of 2



Borehole ID Sample 
Depth

Sample 
Elevation 

(msl)
Strata Soil 

Classification Rig ID
Hammer 
Energy 

Efficiency
N-Value N60-Value

Effective 
Vertical 
Stress,

σ'vo

CN N1,60-Value
Friction 
Angle,

φ'

Sands with 
Fines

E = 5N60patm 

(Callanan and 
Kulhawy, 

1985)

Relative 
Density

Undrained 
Shear Strength
su = 0.06N60patm 

(Terzaghi and 
Peck, 1967)

Undrained 
Young's 
Modulus

Eus = 500su

Consistency

(ft) (ft) (%) (blows/ft) (blows/ft) (psf) (blows/ft) (degrees) (ksf) (ksf) (ksf)

Summary of SPT Correlations

Atlantic Coast Pipeline - Horizontal Directionally Drilling - Route 58

RT58 B-2 9.0 +16.3 Marsh Deposits SM CME 55 86.3 0 0 820 1.61 0 26.5 0 Very Dense
RT58 B-2 14.0 +11.3 Marsh Deposits SM CME 55 86.3 2 3 1,083 1.40 4 28.1 30 Very Loose
RT58 B-2 19.0 +6.3 Marsh Deposits SM CME 55 86.3 2 3 1,346 1.25 4 27.7 30 Very Loose
RT58 B-2 24.0 +1.3 Marsh Deposits OH CME 55 86.3 0 0 1,536 1.17 0 0.00 0 Very Soft
RT58 B-2 29.0 -3.7 Marsh Deposits OH CME 55 86.3 1 1 1,724 1.11 2 0.18 91 Very Soft
RT58 B-2 34.0 -8.7 Marsh Deposits ML CME 55 86.3 2 3 1,915 1.05 3 0.37 183 Soft
RT58 B-2 39.0 -13.7 Marsh Deposits SM CME 55 86.3 18 26 2,158 0.99 26 35.2 274 Medium
RT58 B-2 44.0 -18.7 Marsh Deposits OH CME 55 86.3 2 3 2,406 0.94 3 0.37 183 Soft
RT58 B-2 49.0 -23.7 Marsh Deposits OH CME 55 86.3 2 3 2,594 0.90 3 0.37 183 Soft
RT58 B-2 54.0 -28.7 Marine Deposits SM CME 55 86.3 9 13 2,855 0.86 11 30.6 137 Medium
RT58 B-2 59.0 -33.7 Marine Deposits SM CME 55 86.3 26 37 3,118 0.82 31 36.6 396 Dense
RT58 B-2 64.0 -38.7 Marine Deposits SM CME 55 86.3 18 26 3,381 0.79 20 33.6 274 Medium
RT58 B-2 69.0 -43.7 Marine Deposits SM CME 55 86.3 16 23 3,644 0.76 18 32.7 244 Medium
RT58 B-2 74.0 -48.7 Marine Deposits SM CME 55 86.3 10 14 3,907 0.74 11 30.3 152 Medium
RT58 B-2 79.0 -53.7 Marine Deposits SM CME 55 86.3 8 12 4,170 0.71 8 29.6 122 Medium
RT58 B-2 84.0 -58.7 Marine Deposits SC CME 55 86.3 4 6 4,433 0.69 4 27.7 61 Loose
RT58 B-2 89.0 -63.7 Marine Deposits SM CME 55 86.3 6 9 4,696 0.67 6 28.5 91 Loose
RT58 B-2 94.0 -68.7 Marine Deposits SM CME 55 86.3 6 9 4,959 0.65 6 28.5 91 Loose
RT58 B-2 99.0 -73.7 Marine Deposits CL CME 55 86.3 6 9 5,217 0.64 5 1.10 548 Stiff
RT58 B-2 104.0 -78.7 Marine Deposits SM CME 55 86.3 7 10 5,460 0.62 6 28.8 107 Medium
RT58 B-2 109.0 -83.7 Marine Deposits SM CME 55 86.3 9 13 5,723 0.61 8 29.2 137 Medium
RT58 B-2 114.0 -88.7 Marine Deposits SM CME 55 86.3 12 17 5,986 0.59 10 30.3 183 Medium

3/9/2017 Page 2 of 2



Borehole
ID

Sample 
Depth

Sample 
Elevation 

(msl)
Strata USCS Soil 

Symbol USCS Soil Name
Total Unit 

Weight,
γt

Moisture 
Content,
w o

Liquid 
Limit,
w l

Plastic 
Limit,
w p

Plasticity 
Index,

Ip

Liquidity 
Index,

IL

Percent 
Gravel

Percent
Sand

Percent
Fines

Clay 
Fraction

Coefficient 
of 

Uniformity,
Cu

Coefficient 
of 

Curvature,
Cc

(ft) (ft) (pcf) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

RT58 B-1 5.0 +23.9 Fill SC Clayey sand 32.0 34.0 22.0 12.0 0.83 0.0 53.0 47.0 17.6 66.76 0.92
RT58 B-1 14.0 +14.9 Marsh Deposits OH Sandy organic clay 60.0 59.0 20.0 39.0 1.03 0.0 31.0 69.0 36.5
RT58 B-1 16.0 +12.9 Marsh Deposits SC Clayey sand 40.0 30.0 14.0 16.0 1.63 0.0 67.0 33.0 15.8
RT58 B-1 16.0 +12.9 Marsh Deposits SC Clayey sand 107.5 49.8
RT58 B-1 16.0 +12.9 Marsh Deposits SC Clayey sand 108.6 39.8
RT58 B-1 16.0 +12.9 Marsh Deposits SC Clayey sand 112.4 32.0
RT58 B-1 19.0 +9.9 Marsh Deposits SC Clayey sand 37.0 26.0 14.0 12.0 1.92 0.0 79.0 21.0 13.4 110.80 36.24
RT58 B-1 34.0 -5.1 Marsh Deposits OH Fat clay 81.0 77.0 24.0 53.0 1.08 0.0 2.0 98.0 59.7
RT58 B-1 74.0 -45.1 Marine Deposits SM Silty sand 36.0 NP NP NP NP 0.0 68.0 32.0 14.4 97.38 13.80
RT58 B-1 104.0 -75.1 Marine Deposits CL Sandy lean clay 36.0 44.0 26.0 18.0 0.56 0.0 44.0 56.0 17.5
RT58 B-2 3.0 +22.3 Marsh Deposits CL Sandy lean clay 21.0 28.0 15.0 13.0 0.46 0.0 48.0 52.0 28.7
RT58 B-2 9.0 +16.3 Marsh Deposits SM Silty sand 35.0 NP NP NP NP 0.0 73.0 27.0 15.4 75.90 29.49
RT58 B-2 14.0 +11.3 Marsh Deposits SM Silty sand 30.6 0.0 86.0 14.0
RT58 B-2 31.0 -5.7 Marsh Deposits OH Organic clay with sand 57.0 77.0 24.0 53.0 0.62 0.0 19.0 81.0 37.3
RT58 B-2 31.0 -5.7 Marsh Deposits OH Organic clay with sand 95.6 79.8
RT58 B-2 31.0 -5.7 Marsh Deposits OH Organic clay with sand 96.2 77.8
RT58 B-2 31.0 -5.7 Marsh Deposits OH Organic clay with sand 104.2 42.0
RT58 B-2 46.0 -20.7 Marsh Deposits OH Organic clay with sand 64.0 82.0 29.0 53.0 0.66 0.0 24.0 76.0 47.0
RT58 B-2 46.0 -20.7 Marsh Deposits OH Organic clay with sand 101.8 60.8
RT58 B-2 46.0 -20.7 Marsh Deposits OH Organic clay with sand 97.6 65.1
RT58 B-2 46.0 -20.7 Marsh Deposits OH Organic clay with sand 97.5 66.1
RT58 B-2 59.0 -33.7 Marine Deposits SM Silty sand 29.0 NP NP NP NP 0.0 82.0 18.0 8.2 22.49 7.53
RT58 B-2 84.0 -58.7 Marine Deposits SC Clayey sand 32.0 36.0 23.0 13.0 0.69 0.0 52.0 48.0 14.5 48.22 1.60
RT58 B-2 99.0 -73.7 Marine Deposits CL Sandy lean clay 37.0 46.0 23.0 23.0 0.61 0.0 44.0 56.0 18.8 57.99 1.80
RT58 B-2 114.0 -88.7 Marine Deposits SM Silty sand 35.0 NP NP NP NP 0.0 64.0 36.0 15.6 101.58 8.62

Summary of Laboratory Test Results on Soil Samples

Atlantic Coast Pipeline - Horizontal Directionally Drilling - Route 58

3/9/2017 Page 1 of 1
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formation limit pressure, there is a potential that inadvertent drilling fluid returns will occur as a 
result of hydrofracture. 

The formation limit pressure for the proposed HDD crossing of Route 58 was calculated using 
the “Delft Method” as described in an Army Corps of Engineers publication titled Recommended 
Guidelines for Installation of Pipelines beneath Levees using Horizontal Directional Drilling.2 
The Delft Method assumes uniform soil conditions in the soil column above the point on the 
drilled path that is being analyzed and requires engineering judgement with respect to the 
selection of the geotechnical parameters that are used in the associated equations. The 
geotechnical parameters used in our analysis were provided by Geosyntec Consultants. The 
estimated minimum annular pressure necessary for HDD pilot hole operations was calculated 
using the Bingham Plastic Model, which is described in Chapter 4 of the Society of Petroleum 
Engineers’ Applied Drilling Engineering.3 

The formation limit pressure was calculated over the length of the proposed Route 58 crossing 
and compared to the estimated annular pressure necessary for HDD operations. A graphical 
summary of the results for of this analysis is attached to this memorandum. In reviewing this 
information, it should be noted that a factor of safety has not been applied to the formation limit 
pressure. As a result, the point at which the estimated annular pressure exceeds the formation 
limit pressure is the theoretical point at which plastic yielding and cracking reaches the ground 
surface resulting in an inadvertent drilling fluid return. 

Analysis of HDD Installation Loads and Stresses 

Calculation of the approximate tensile load required to install a pipeline by HDD is relatively 
complicated due to the fact that the geometry of the drilled path must be considered along with 
the properties of the pipe being installed and the subsurface conditions. Assumptions and 
simplifications are required. A method to accomplish this is presented in Installation of Pipelines 
by Horizontal Directional Drilling, An Engineering Design Guide, published by the Pipeline 
Research Council International (PRCI).4 

The PRCI Method involves modeling the drilled path as a series of segments to define its shape 
and properties during installation. The individual loads acting on each segment are then resolved 
to determine a resultant tensile load for each segment. The estimated force required to install the 
entire pull section in the reamed hole is equal to the sum of the tensile loads acting on all of the 
defined segments. When utilizing the PRCI Method, pulling loads are affected by numerous 
variables, many of which are dependent upon site-specific conditions and individual contractor 
practices. These include prereaming diameter, hole stability, removal of cuttings, soil and rock 
properties, drilling fluid properties, and the effectiveness of buoyancy control measures.5 It is 
also important to keep in mind that the PRCI Method considers pulling tension, pipe bending, 

                                                           
2 Kimberlie Staheli et al, Recommended Guidelines for Installation of Pipelines beneath Levees using Horizontal 
Directional Drilling (prepared for U.S. Army Corps of Engineers, April 1998). 
3 Applied Drilling Engineering, Society of Petroleum Engineers, Richardson, Texas, A. T. Bourgoyne, Jr. [et al], 
1991 
4 Installation of Pipelines by Horizontal Directional Drilling, An Engineering Design Guide (Arlington, VA: 
Pipeline Research Council International, Inc., 2008), 26-36. 
5 Manual of Practice No. 108, 22. 
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and external pressure. It does not consider point loads that may result from subsurface conditions 
such as a rock ledge or boulder. Indeed, we know of no way to analyze potential point loads that 
may develop due to subsurface conditions. Although this type of damage is relatively rare, 
several cases have been observed in the last few years where pipelines suffered damage in the 
form of dents or pipe deformation due to point loads encountered during HDD installation. 

Our pulling load calculation for the proposed HDD crossing of Route 58 was based on an 
assumed worst-case installation model in which the pilot hole is drilled up to 40 feet longer and 
30 feet deeper than the designed path with a radius of curvature equal to two-thirds of the design 
radius. A conservative drilling fluid density of 12 pounds per gallon was assumed for the sake of 
analysis and we assumed that the pull section would be installed empty since buoyancy control 
measures are not typically employed for steel pipe less than 30 inches in diameter. 

Our installation stress calculations indicated no violations of applicable stress criteria. As a 
result, it is our opinion that the proposed line pipe specification is suitable for installation by 
HDD. This conclusion is based on three assumptions: 1) that the actual drilled path will not 
exceed the length or depth of the worst-case model analyzed; 2) that the HDD contractor will not 
employ any improper construction procedures; and 3) that problematic subsurface conditions 
will not be encountered. A copy of our installation stress calculation spreadsheet for the Route 58 
crossing is attached to this memorandum. 
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Route 58 R0 Installation Stress Analysis (worst-case).xlsm
J:\Dominion\1508 - Atlantic Coast\Working\Stress Analysis\

Project : Dominion Atlantic Coast Pipeline User :
Crossing : 20" Route 58 Crossing Date :

20.000 in
0.411 in

70,000 psi
2.9E+07 psi
1213.22 in4

25.29 in2

49
0.3

6.5E-06 in/in/°F
85.99 lb/ft
2.01 ft3/ft
2.18 ft3/ft

12.0 ppg
89.8 lb/ft3

62.4 lb/ft3

0.30
0.025 psi

125.18 lb/ft
195.83 lb/ft

63,000 psi
52,500 psi No
44,493 psi No
45,631 psi Yes
45,631 psi
10,777 psi
10,777 psi Yes
33,440 psi No
11,994 psi No
70,000 psi No
10,777 psi
7,185 psi

For Fhe > 0.55*SMYS and <= 1.6*SMYS, Fhc =

For D/t > 1,500,000/SMYS and <= 3,000,000/SMYS, Fb =
For D/t <= 1,500,000/SMYS, Fb =

Tensile Stress Limit, 90% of SMYS, Ft  =

Elastic Hoop Buckling Stress, Fhe =
Allowable Bending Stress, Fb = 

For D/t > 3,000,000/SMYS and <= 300, Fb =

For Fhe <= 0.55*SMYS, Critical Hoop Buckling Stress, Fhc =

Displaced Mud Weight =

Drilling Mud Density =

Ballast Weight =
Fluid Drag Coefficient =

Coefficient of Soil Friction =
Ballast Density =

=

Installation Stress Limits

Allowable Hoop Buckling Stress, Fhc/1.5 =
Critical Hoop Buckling Stress, Fhc =

For Fhe > 6.2*SMYS, Fhc =
For Fhe > 1.6*SMYS and <= 6.2*SMYS, Fhc =

Pipe Weight in Air =

Diameter to Wall Thickness Ratio, D/t =

Pipe Interior Volume =
Pipe Exterior Volume =

HDD Installation Properties

Project Information

Wall Thickness =
Specified Minimum Yield Strength =

Young's Modulus =
Moment of Inertia =

Pipe Face Surface Area =

Comments : Installation stress analysis based on worst-case drilled path per tolerances (40' longer 
and 30' deeper than design with a 1,350' radius) with 12 ppg mud and no BC

Line Pipe Properties

KMN
4/6/2017

Pipe Outside Diameter =

Poisson's Ratio =
Coefficient of Thermal Expansion =

Step 1, Property Input 4/6/2017



Route 58 R0 Installation Stress Analysis (worst-case).xlsm
J:\Dominion\1508 - Atlantic Coast\Working\Stress Analysis\

0

-10.00 23.95 12.00 158,318 1
420.70 Not Used 2

PC 401.51 -63.52 146,436 3
PI 540.30 -93.02 12.00 1350 282.74 133,871 4

PT 682.19 -93.02 0 121,306 5
0.00 1038.41 Not Used 6

PC 1720.60 -93.02 67,514 7
PI 1815.00 -93.02 8.00 1350 188.50 58,021 8

PT 1908.49 -79.88 0 48,527 9
726.81 Not Used 10

2628.22 21.27 8.00 Above Ground Load 0 1 Control Point
21.27 (Graph = )

(Graph = )

No. Station Elevation

Grade       
Elevation    

Points

Average 
Tension

Bottom Tangent

Total PullRadius LengthStation Elevation Angle

= Cover at Control Point

Entry Tangent
Entry Point

Exit Tangent

Entry Sag 
Bend

Exit Sag 
Bend

Exit Point
Drilling Mud

Ballast

Entry Point

P.C.

P.T. P.C.

P.T.

Exit Point

Step 2, Drilled Path Input 2:23 PM4/6/2017



Route 58 R0 Installation Stress Analysis (worst-case).xlsm
J:\Dominion\1508 - Atlantic Coast\Working\Stress Analysis\

Pipe Diameter, D = 20.000 in Fluid Drag Coefficient, Cd = 0.025 psi
PIpe Weight, W = 86.0 lb/ft Ballast Weight / ft Pipe, W b = 125.2 lb (If Ballasted)

Coefficient of Soil Friction, μ = 0.30 Drilling Mud Displaced / ft Pipe, Wm = 195.8 lb (If Submerged)
Above Ground Load = 0 lb

Segment Length, L = 726.8 ft Effective Weight, We = W + Wb - Wm = -109.8 lb/ft
Exit Angle, θ = 8.0 ⁰

Frictional Drag = We L μ cosθ = 23,717 lb

Fluidic Drag = 12 π D L Cd = 13,700 lb

Axial Segment Weight = We L sinθ = 11,111 lb

 Pulling Load on Exit Tangent = 48,527 lb

Segment Length, L = 188.5 ft Average Tension, T = 58,021 lb
Segment Angle with Horizontal, θ = -8.0 ⁰ Radius of Curvature, R = 1,350 ft

Deflection Angle, α = -4.0 ⁰ Effective Weight, We = W + Wb - Wm = -109.8 lb/ft

h = R [1 - cos(α/2)] = 3.29 ft j = [(E I) / T]1/2 = 779

Y = [18 (L)2] - [(j)2 (1 - cosh(U/2)-1] = 3.0E+05 X = (3 L) - [ (j / 2) tanh(U/2) ] = 216.56

U = (12 L) / j = 2.90 N = [(T h) - We cosθ (Y/144)] / (X / 12) = 23,316 lb

Bending Frictional Drag = 2 μ N = 13,990 lb

Fluidic Drag = 12 π D L Cd = 3,553 lb

Axial Segment Weight = We L sinθ = 1,444 lb

 Pulling Load on Exit Sag Bend = 18,987 lb

Total Pulling Load = 67,514 lb

Segment Length, L = 1038.4 ft Effective Weight, We = W + Wb - Wm = -109.8 lb/ft

Frictional Drag = We L μ = 34,218 lb

Fluidic Drag = 12 π D L Cd = 19,574 lb

Axial Segment Weight = We L sinθ = 0 lb

 Pulling Load on Bottom Tangent = 53,791 lb

Total Pulling Load = 121,306 lb

Bottom Tangent - Summary of Pulling Load Calculations

Exit Sag Bend - Summary of Pulling Load Calculations

Pipe and Installation Properties

Based on profile design entered in 'Step 2, Drilled Path Input'.

Exit Tangent - Summary of Pulling Load Calculations

Pulling Load Summary 2:23 PM 4/6/2017



Route 58 R0 Installation Stress Analysis (worst-case).xlsm
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282.7 ft 133,871 lb
12.0 ⁰ 1,350 ft
6.0 ⁰ -109.8 lb/ft

7.40 ft 513

1.2E+06 592.59

6.62 38,411 lb

23,047 lb

5,330 lb

-3,246 lb

25,130 lb

146,436 lb

420.7 ft Effective Weight, We = W + Wb - Wm = -109.8 lb/ft
12.0 ⁰

13,560 lb

7,930 lb

-9,608 lb

11,883 lb

158,318 lb

Entry Point 6,259 ok 0 ok 0 ok 0.10 ok 0.01 ok
5,790 ok 0 ok 1286 ok 0.09 ok 0.05 ok

PC
5,790 ok 17,901 ok 1286 ok 0.48 ok 0.25 ok
4,796 ok 17,901 ok 1733 ok 0.47 ok 0.27 ok

PT
4,796 ok 0 ok 1733 ok 0.08 ok 0.07 ok
2,669 ok 0 ok 1733 ok 0.04 ok 0.06 ok

PC
2,669 ok 17,901 ok 1733 ok 0.43 ok 0.23 ok
1,919 ok 17,901 ok 1534 ok 0.42 ok 0.20 ok

PT
1,919 ok 0 ok 1534 ok 0.03 ok 0.05 ok

Exit Point 0 ok 0 ok 0 ok 0.00 ok 0.00 ok

Entry Sag Bend - Summary of Pulling Load Calculations

Segment Length, L =
Segment Angle with Horizontal, θ =

Deflection Angle, α =

Average Tension, T =
Radius of Curvature, R =

Effective Weight, We = W + Wb - Wm = 

j = [(E I) / T]1/2 =

Negative value indicates axial weight applied in direction of installation

U = (12 L) / j =

Bending Frictional Drag = 2 μ N =

Fluidic Drag = 12 π D L Cd = 

X = (3 L) - [ (j / 2) tanh(U/2) ] =

Combined Tensile, 
Bending & Ext. 

Hoop

Total Pulling Load = 

Frictional Drag = We L μ cosθ = 

Summary of Calculated Stress vs. Allowable Stress

 Pulling Load on Entry Tangent = 

Fluidic Drag = 12 π D L Cd = 

Tensile Stress

h = R [1 - cos(α/2)] =

Y = [18 (L)2] - [(j)2 (1 - cosh(U/2)-1] =

Bending Stress External Hoop 
Stress

Combined Tensile 
& Bending

 Pulling Load on Entry Sag Bend = 

Entry Tangent - Summary of Pulling Load Calculations

Total Pulling Load = 

Segment Length, L =
Entry Angle, θ =

N = [(T h) - We cosθ (Y/144)] / (X / 12) =

Negative value indicates axial weight applied in direction of installation

Axial Segment Weight = We L sinθ =

Axial Segment Weight = We L sinθ =

Pulling Load Summary 2:23 PM 4/6/2017
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