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File No. 28178-002

Project Consulting Services, Inc.
3300 West Esplanade Avenue
Suite 500

Metairie, Louisiana 70002-7406

Attention: Mr. Jim Elgin

Subject: Engineered Backfill Study
Islander East Natural Gas Pipeline
Branford, Connecticut

Ladies and Gentlemen:

This report presents the results of our engineered backfill study for the subject project. These
services were completed in accordance with our proposal dated 23 April 2003.

In summary, it is our opinion that the proposed backfill soils from Russo Brothers in Rocky
Hill, Connecticut and Rawson Materials, Inc., of Putnam, Connecticut will be subject to long
term scour (erosion) as underwater trench backfill. In our opinion, a backfill material
consisting of a gravelly coarse to fine sand would perform acceptably without significant loss
of material due to scour or dispersion of fine grained (silt size or smaller) during placement.
Specific comments and recommendations are provided below.

INTRODUCTION

The Islander East natural gas pipeline crossing of Long Island Sound will be made from
Branford, Connecticut to Wading River, New York. The underwater trench backfill study
area is located between Milepost 10.9 and Milepost 12.0, approximately 4,000 ft. to 10,000
ft. off the coast of Branford. We understand that the pipeline will be placed in an
approximately 4.5-ft. deep trench excavated through the existing near surface soils. Backfill
immediately around the pipeline will consist of rock/gravel fill. The remainder of the trench
is proposed to be filled with sand backfill. The trench will be excavated with clamshell
equipment and the sand backfill will be placed by tremie pipe to minimize dispersion of fine-
grained soil.

The purpose of our study is to evaluate proposed sand backfill materials available from local
sources and provide comments and recommendations for:
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n Suitability of proposed backfill

L] Maximum height of free-fall (from sea bottom to bottom of tremie pipe) to minimize
loss of fine grained soil '

L Optimum size of tremie pipe

L Potential for long term scour of the backfill material

Prof. W. Frank Bohlen of the University of Connecticut Marine Sciences Department
provided bottom orbital velocities and boundary shear stress values for waves of record for
the time period 20 February 2002 to 4 April 2002. In addition, Prof. Bohlen provided
information on critical shear stress for granular materials from studies by others.

PROPOSED BACKFILL MATERIAL

Islander East personnel provided two samples of proposed backfill material. One sample,
designated S02, was obtained from Russo Brothers, Old Forge Road, Rocky Hill,
Connecticut. The other sample, designated SO1, was obtained from Rawson Materials, Inc.
Town Farm Road, Putnam, Connecticut. Haley & Aldrich conducted grain size analyses
(sieve and hydrometer tests) on the samples. The results are plotted on Grain Size
Distribution curves included as Appendix A. Sample SO1 consists of light brown SILT with
sand (ML). It contains approximately 85 percent material passing the No. 200 sieve (silt size)
and has a mean grain size (Ds) of 0.055 mm. Sample S02 consists of red brown silty SAND.
It contains approximately 20 percent material passing the No. 200 sieve and has a mean grain
size (Dso) of 0.2 mm. Based on the results of the hydrometer test for the material finer than a
No. 200 sieve, the fine-grained material is non-plastic.

SEABOTTOM MATERIAL

Vibracore samples of the seabottom material within the limits of the study area (Milepost 10.9
to Milepost 12.0) include 10a, 10b, 12a and 12b. The samples were generally classified as
lean CLAY to elastic SILT to ORGANIC CLAY and ORGANIC SILT. Properties include:

USCS Liquid Water Average Total Average Shear
VC No. Class. Limit Content (%)  Unit Weight (pcf) Strength (psf)
10a CL to MH 51.5 71.8 94.9 70
10b OH to MH 70.2 104.4 89.6 70
12a OH to MH 53.4 80.0 94.3 90
12b OH 69.1 96.7 87.0 35

Average 61.0 88.2 91.5 65



Project Consulting Services, Inc.
21 May 2003
Page 3

TRENCH EXCAVATION

We understand that the trench will be excavated using an underwater clamshell bucket. The
average shear strength of the seabottom material within the upper 5-ft. varied from
approximately 35 lbs. per sq. ft. (psf) to 90 psf. Due to the plastic consistency and shear
strength of the seabottom material, we anticipate that the sidewalls of the trench can be
excavated to side slopes as steep as 1 horizontal to 1 vertical (1:1) or steeper. Results of
slope stability analyses for the trench side slopes are included in Appendix B. Given a 10-ft.
width at the bottom of the trench, the width of the top of the trench could be on the order of
20 ft. or less.

WATER VELOCITIES AND BOUNDARY SHEAR STRESS

Information provided by Prof. Bohlen indicates that at the inshore monitoring location, for the
period 20 February 2002 to 4 April 2002, the maximum bottom orbital water velocity was on
the order of 1.9 ft. per sec. (0.59 m per sec.) and maximum boundary shear stress at the
seabed surface was 0.13 psf (6.25 Pa). Data for the offshore monitoring location indicates
the maximum bottom orbital velocity was on the order of 0.9 ft. per sec. (0.27 m per sec.)
and maximum boundary shear stress was 0.04 psf (1.95 Pa). The orbital velocities exceed the
tidal current velocities and therefore have a greater impact on potential scour. Prof. Bohlen
also provided results of studies by Shields (1936) and Lane (1955) regarding critical shear
stress versus sediment size and insight into the behavior of sediment deposits. The wave data
critical shear stress results are included as Appendix C.

ANTICIPATED BACKFILL PERFORMANCE

Based on the results presented by Shields and Lane and the wave data, the critical shear
stress, 1., for the fine sand (proposed backfill material from Russo Brothers pit) is
approximately 0.005psf (0.25 N/sq. m). The wave data indicates that waves generating shear
stresses greater than this level occur approximately 28 percent of the time inshore and 13.2
percent of the time offshore. In our opinion, fine sand would be subject to significant scour
with time and thus the proposed sand from Russo Brothers would not be acceptable for trench
backfill.

To minimize the potential for long term scour, we evaluated the required minimum mean
grain size. Per Shields and Lane, t. for Dy, = 2.0 is approximately 0.03 psf. The percent
exceedance of waves generating shear stresses greater than this is approximately 5.5 percent
inshore and 0.5 percent offshore. At these levels there may be some movement of particles
finer than 2.0 mm but this would be compensated for by the 50 percent of the particles
greater than 2.0 mm.
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In our opinion, a gravelly coarse to fine sand as backfill would provide acceptable
performance and minimize the potential for long term scour. Materials of this type are

frequently used in building and highway earth fills and are typically readily available.

CONCLUSIONS AND RECOMMENDATIONS

In our opinion, the silty sand from the Russo Brothers source will not meet the project needs
for backfill. Previous studies and wave data indicate that the sand would be subject to
significant scour when placed in the trench.

We recommend that the excavated trench be backfilled with a gravelly coarse to fine sand
also referred to as “bank-run gravel.” It should be free of organic material, loam, trash,
snow, ice, frozen soil and other objectionable material, and should conform to the following
gradation:

Sieve Size Percent Finer by Weight
2 in. 100
No. 4 30to 80
No. 40 10 to 50
No. 200 0to20

In addition, if excavating steep side slopes can minimize the width of the excavated trench,
the width of exposed backfill will be limited to 20 ft. or less and further reduce the potential
for scour.

In our opinion, the proposed gravelly coarse to fine sand backfill can be placed by tremie
methods. We recommend that the tremie pipe have a minimum diameter of 18 in. to limit the
potential for bridging of the backfill in the tremie tube during placement. In order to
minimize the amount of fine material in the backfill suspended in water, we recommend that
provisions be made to adjust the length of the tremie pipe so that the bottom of the tremie
pipe is not more than 3 ft. above the original seabottom as determined at the side of the
trench.

LIMITATIONS OF RECOMMENDATIONS

This report has been prepared for specific application to the subject project in accordance
with generally accepted geotechnical engineering practices. In the event that any changes in
the nature, design or location of the pipeline is planned, the conclusions and recommendations
contained in this report should not be considered valid, unless the changes are reviewed and
the conclusions of this report modified or verified in writing.
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The recommendations presented herein are based in part on the data obtained from the
referenced vibracore samples and proposed borrow materials. The nature and extent of
variations between the vibracore samples may not become evident until construction. If
variations then appear evident, it will be necessary to reevaluate the recommendations of this
report.

We request that we be provided the opportunity for a general review of final design in order
to determine that our earthwork and foundation recommendations have been interpreted and
implemented in the design as they were intended.

It has been a pleasure to work with you on this project. Please do not hesitate to contact us if
you have any questions or require additional information.

Sincerely yours,
HALEY & ALDRICH, INC.

Kenneth L. Recker, P.E.
Consultant

%,4\)/)4/

James W. Weaver, P.E.
Vice President

Enclosures:
Appendix A - Grain Size Distribution
Appendix B - Trench Slope Stability Results
Appendix C - Inshore and Offshore Wave Data and Critical Shear Stress

Results
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Grain Size Distribution
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Trench Slope Stability Results



[

Y—AXIS (feet)

JPEZ2

120

110

o
o

©
o

80

70

5-19—xx 10:57

Islander East D Slope, Ver, Su=40psf
10 most critical surfaces, MINIMUM BISHOP FOS = 1.353

70

i i ! l ! | ) ! ! | ' |
80 90 100 110 120 130 140
X—AXIS (feet)

150



.3PE1 5—19—+x 10:51

120

110

-—
o
o

AXIS (feet)

90

80

70

Islander East D Slope 1:1, Su=40psft
AN caaml Al lam]l misf A AAn~ MINDMAL IV RIQUND FNQ — 1 7 AR
_ n_________________v___'_.;;_.'_:____W1
! | ! | ! | y 1 ! | ' ! ' | ! |
70 80 90 100 110 120 130 140 150

X—AXIS (feet)



APPENDIX C

Inshore and Offshore Wave Data and Critical Shear Stress Results
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24 spectral estimates per band
21 bands calculated
each band is 0.023 Hz wide
frequency span = 0.012 to 0.481 Hz
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surface wave processing summary:
file = boff0404.wb
temperature = 6.000

salinity = 27.000

density = 1021.238

number of points per wave burst = 2048

sample period = 0.50 sec

burst # O:

mean pressure = 29.281 psia

instrument depth = 10.039 meters
total water depth = 11.039 meters

auto-spectrum:

24 spectral estimates pef band
15 bands calculated

each band is 0.023 Hz wide

frequency span = 0.012 to 0.340 Hz
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