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CALCULATION COVER SHEET

PROJECT: Onondaga Lake CALCNO. 1 SHEET 1o0f13

SUBJECT: Attachment A — Wind-Wave Analysis for Sediment Cap Armor Layer Designs - Example Calculation

Objective: To determine the 100-year design wave for each of Onondaga Lake’s Remediation Areas and the resultant
particle size(s) necessary for stability of the sediment cap.

This document presents an example calculation for Remediation Area E as well as the results of the
analysis for each Remediation Area.
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Computation of 100-year design wave and resultant particle size(s): The following presents a detailed summary and
example calculation for the Onondaga Lake wind-wave analysis. The numbered list below outlines the general
approach used for the calculation and defines specific parameters used in the calculations. To efficiently facilitate
computations for multiple cases, all calculations were carried out using a spreadsheet and the Automated Coastal
Engineering System (ACES) software. Subsequent sections below illustrate a step-by-step calculation for the example
case of Remediation Area E.

1. Estimate the 15-minute averaged 100-year return interval wind speed

For the 68-years of one-hour averaged wind data, only the winds blowing from 280 to 340 degrees (clockwise from
North) were considered for this Remediation Area. These are the winds blowing primarily toward the shoreline for
this Remediation Area (i.e., along the possible fetch radials). The first step in computing the 15-minute averaged 100-
year return interval wind speed was to determine the wind speed at an elevation of 10-meters above the ground (U1o)
for each measurement. Equation II-2-9 from USACE (2006) was used:

1
UlO :UZ(EJY
Z

For example, wind speeds were measured at 21 feet (6.4 meters) above the ground from 1963 to 2009. Thus, for a one-
hour averaged wind speed of 55.3 miles per hour (24.7 meters per second), the wind speed at 10-meters would be:

1
U, =247 m/s[m—mj7 — 26.3m/s=58.9 mph
6.4m
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Figure A-1 was used to determine the estimated time to achieve fetch-limited conditions as a function of wind speed
and fetch length. For a wind speed of 58.9 mph (26.3 m/s) and a fetch length of 4.66 miles (7.4 kilometers) for
Remediation Area E, the time to achieve fetch-limited conditions is approximately 60-minutes. Therefore, using 15-
minute averaged wind speeds would be conservative.
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Figure A-1. Equivalent Duration for Wave Generation as a Function of Fetch and Wind Speed (adapted from
Figure 11-2-3 from USACE 2006)

After converting all of the maximum annual one-hour averaged wind data into winds speed at the 10-meter elevation,
the wind data were converted to 15-minute averaged intervals (Uswo) using Figure A-2.

1.6
—
1.5 RS
\"‘\\,_. 1 Uy Usgge = 1.277 + 0.296 tanh {0.9 log,, (45/t)} ‘

1.4 ~
g N
3 1.3 ™
] N
- \‘\
5 1.2 ™
s N
g 1.1 \;\H

1 M
- TH
0.9 UQJ' U%UD =1.5334 - 0.15 |0g10 t e 1] \
for 3600 <t < 36,000 T ™S
0.8 N 0 0 01— il |
1 10 100 1,000 10,000 100,000
Duration Time, t (s)
[1 min | [1hr] [10hr]

Figure A-2. Ratio of Wind Speed of any Duration U, to the 1-hr wind speed Uzq (adapted from Figure 11-2-1
from USACE 2006)
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Using the above figure:

Uogoo = 1.03(58.9 mph) = 60.6 mph
The maximum annual 15-minute averaged wind speeds were analyzed using the ACES Extremal Analysis Module to
estimate the various return periods. A review of the ACES results indicated that a Weibull Distribution (k=1) was

found to be the best fit for the wind records from Remediation Area E. Figure A-3 shows the plot of computed return
interval wind speeds based on Weibull Distribution.
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Figure A-3. Computed Return Interval Wind Speeds for Remediation Area E

Table A-1 shows the computed 15-minute averaged return interval wind speeds used for the sediment cap design.
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Table A-1
Return Interval Wind Speeds for Remediation Area E
Return Period (years) 15-minuted Average Wind Speed (mph)
2 34.8
5 40.7
10 45.2
25 51.1
50 55.5
100 60.0

Therefore, the 100-year return interval wind speed was 60.0 mph.

The analysis for Remediation Areas A, B, C and D followed a similar approach (i.e., use of the ACES Extremal Analysis
Module). However, a review of the corresponding ACES results indicated that the Fisher - Tippet Type I Distribution
was found to be the best fit for the wind records from A and C, while the Weibull Distribution (k=1.4) was found to be
the best fit for B and D. Figures A-4 through A-7 shows the plots of computed return interval wind speeds based on
for A, B, C, and D, respectively.
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Figure A-4. Computed Return Interval Wind Speeds for Remediation Area A
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Figure A-5. Computed Return Interval Wind Speeds for Remediation Area B
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Figure A-6. Computed Return Interval Wind Speeds for Remediation Area C
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Figure A-7. Computed Return Interval Wind Speeds for Remediation Area D

2. Estimate the 100-year return interval significant wave height and period

For Remediation Area E, the longest fetch distance is 4.66 miles. The 100-year return interval wind speed was applied
along this fetch using the Wave Prediction Module in ACES with the following parameters:

e 15-minute 100-year Return Interval Wind Speed = 60.0 mph (computed above)

e Wind Fetch Length = 4.66 miles (longest fetch distance)

o Fetch Depth = 65 feet (which is the maximum depth along the 4.66 mile fetch transect, and thus
conservative)

Using the shallow openwater wind fetch method in the Wave Prediction Module, the significant wave height (Hs) and
period (Tp) were:

Hs =5.2 feet
Tp = 3.9 seconds
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Sensitivity analyses:

A sensitivity analysis was performed on the Air-Water Temperature Difference. The Air-Water Temperature
Difference in the calculation above was 0 degrees Celsius (°C) (0 degrees Fahrenheit [°F]). The Air-Water Temperature
Difference was varied between -4 °C and 4 °C (-39.2 to 39.2 °F). The computed wave heights and periods varied from
5.4 feet and 4.0 seconds to 5.1 feet and 3.9 seconds. Therefore, it is evident that the wave heights for Onondaga Lake
are not extremely sensitive to the Air-Water Temperature Difference. Thus, a design wave height of 5.2 feet and period
of 3.9 seconds was selected for this analysis.

3. Compute the Stable Sediment Sizes at Various Depths Outside of the Surf Zone

The Linear Wave Theory/Snell’s Law Wave Transformation Module in ACES was used to estimate wave shoaling, bottom
orbital velocities at different depths, and the breaking wave height and depth using the cotangent of the nearshore
slope = 45.5 and a crest angle of 0 degrees. Maximum bottom orbital velocities were computed using the Linear Wave
Theory Module in ACES and the results are presented in Table A-2.

Table A-2
Desigh Wave Heights and Bottom Orbital Velocities at Various Depths for Remediation Area E

Water Depth Wave Height Maximum Orbital Velocity
(feet) (feet) (feet per second) Notes

40 5.2 0.33 Computed in Step 2
30 5.1 0.71

20 4.9 15

15 4.8 2.1

10 4.8 3.1

8 4.8 3.8

6.7 5.3 Wave Breaking Wave Breaking Depth

The stable sediment size under a progressive wave was estimated using the following three methods, for comparative
purposes:

e Equation 5 from Appendix A - Armor Layer Design from the Guidance for In-Situ Subaquaeous
Capping of Contaminated Sediments (Maynord 1998).

e Shields Diagram (Vanoni 1975) (see Figure A-8)

e  You (2000)

Using Equation 5 from Maynord (1998) for waves at a water depth of 10 feet, the Dso is approximately 0.75 inches (1.9
mm):
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Where,

V = maximum horizontal bottom velocity from the wave

Cs = 1.7 for orbital velocities beneath waves (page A- 13 from Maynord 1998)
vs=unit weight of stone = 165 lbs/ft? (page A-6 of Maynord 1998)

vw=unit weight of water = 62.4 1bs/ft3

g =322 ft/s?

Using the Shields Diagram, the Dso is approximately 0.5 inches (13 mm).
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Figure A-8. Shields Diagram for Initiation of Cap Material Movement
(from Vanoni 1975)

Using Equations 20 and 6 from You (2000), the Dso is approximately 0.4 inches (11 mm):

U _ =3.97,(s-1gds.””

m;

Where,

Unmax = nearbed wave orbital velocity from the wave for sediment onset velocity
s = particle specific gravity = 2.65 for sands

g=9.81 m/s?

d = particle diameter
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and

. - d./(s—Dagd

4y

v = kinematic viscosity of water = 1.139 x10¢ m?/s at 15°C (59 °F)

For a given nearbed wave orbital velocity, compute the stable particle size d using simple iteration (Solver in Microsoft
Excel was used in this application). For Umax=3.1 fps, d is approximately = 11 mm (10.5 mm):

U

4y

4(1.139x10°m?*/ s)

m:

The results for selected water depths are summarized in Table A-3 below.

. _ d/(s—Dgd _ 0.0105m./(2.65-1)(9.81m/s*)(0.0105m)

=950

. =3.97,/(2.65-1)(9.81m/57)(0.0105m) (950) °* = 0.95m/s = 3.1fps

Table A-3
Armor Layer Size Calculations at Various Depths in Remediation Area E

Water Wave Dso Dso Dso Design | Design

Depth | Height | Maximum Orbital (Maynord) (Shield's) | (You) Dso Dso
(ft) (ft) Velocity (ft/s) (mm) (mm) (mm) (mm) | (inches) Sediment Type
40 5.2 0.33 0.22 0.15 0.1 0.2 0.008 FINE SAND
30 5.1 0.71 1 0.6 0.2 1 0.04 MEDIUM SAND
20 4.9 1.5 4 3 2 4 0.2 FINE GRAVEL
15 4.8 2.1 9 5 4 9 0.4 FINE GRAVEL
10 4.8 3.1 19 13 11 19 0.75 COARSE GRAVEL
8 4.8 3.8 29 19 18 29 1.1 COARSE GRAVEL
6.7 5.3 Wave Breaking *

* see Section 4 below for Armor design for the Surf Zone (i.e., breaking wave condition)

The results for selected water depths for A, B, and C and D are summarized in Tables A-4 to A-6 below.

QEA &2

Table A-4
Armor Layer Size Calculations at Various Depths in Remediation Area A
Water Wave Dso Dso Dso Design | Design
Depth Height Maximum Orbital (Maynord) (Shield's) | (You) Dso Dso
(ft) (ft) Velocity (ft/s) (mm) (mm) (mm) (mm) (inches) | Sediment Type
30 2.6 0.038 0.003 0.1 0.1 0.1 0.004 FINE SAND
20 2.6 0.21 0.09 0.1 0.1 0.1 0.004 FINE SAND
15 2.5 0.45 0.4 0.3 0.1 04 0.02 FINE SAND
10 24 1.0 2 1 0.6 2 0.08 MEDIUM SAND
8 24 1.3 3 3 1 3 0.1 COARSE SAND
6 24 1.8 7 5 3 7 0.3 FINE GRAVEL
4 24 2.6 13 8 7 13 0.51 FINE GRAVEL
3.4 2.6 Wave Breaking
ANCHOR
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Table A-5
Armor Layer Size Calculations at Various Depths in Remediation Area B

Water Wave Dso Dso Dso Design | Design
Depth Height Maximum Orbital (Maynord) (Shield's) | (You) Dso Dso
(ft) (ft) Velocity (ft/s) (mm) (mm) (mm) (mm) (inches) | Sediment Type
30 2.8 0.076 0.01 0.1 0.1 0.1 0.004 FINE SAND
20 2.8 0.32 0.21 0.13 0.1 0.2 0.008 FINE SAND
15 2.7 0.63 0.79 0.55 0.2 0.8 0.03 MEDIUM SAND
10 2.6 1.2 3 2 1 3 0.1 COARSE SAND
8 2.6 1.6 5 3.5 2 5 0.2 FINE GRAVEL
6 2.6 2.1 9 5 4 9 0.4 FINE GRAVEL
4 2.6 3.0 17 12 10 17 0.67 FINE GRAVEL
3.6 2.9 Wave Breaking
Table A-6
Armor Layer Size Calculations at Various Depths in Remediation Areas C and D
Water Wave Dso Dso Dso Design | Design
Depth Height Maximum Orbital (Maynord) (Shield's) | (You) Dso Dso
(ft) (ft) Velocity (ft/s) (mm) (mm) (mm) (mm) (inches) | Sediment Type
40 3.2 0.052 0.01 0.1 0.1 0.1 0.004 FINE SAND
30 3.2 0.17 0.06 0.1 0.1 0.1 0.004 FINE SAND
20 3.1 0.54 0.57 0.35 0.1 0.6 0.02 FINE SAND
15 3.0 0.95 2 1 04 2 0.08 MEDIUM SAND
10 2.9 1.6 5 4 2 5 0.2 FINE GRAVEL
8 2.9 2.0 8 5 3 8 0.3 FINE GRAVEL
6 3.0 2.6 13 8 7 13 0.52 FINE GRAVEL
4.2 3.3 Wave Breaking

4. Compute the Armor Stone Size within the Surf Zone

The Rubble Mound Revetment Design Module in ACES was used to compute the required armor layer size (gradation and
thickness) in the surf zone to resist the forces generated by turbulence from breaking waves. The following parameters
were used in the computation:

e Significant wave height = 5.2 feet (computed above)

e Significant wave period = 3.9 seconds (computed above)

e Breaking criteria = 0.78 (Dean and Dalrymple 1991)

e  Water depth at toe of the structure = 10 feet (used a water depth slightly deeper than the beginning of
the surf zone depth of 6.7 feet in E)

e Cotangent of nearshore slope = 45.5 (the slope of the bed offshore of the surf zone in Remediation Area
E)

e  Unit weight of rock = 165 Ibs/ft? (page A-6 of Maynord 1998)

e Permeability coefficient = 0.4 (Figure 4-4-2b of USACE 1992)

e Cotangent of structure (revetment) slope = 50 (restored slope in surf zone for Remediation Area E)

e  Minor Displacement Level (S) = 3 (from Table VI-5-21 of USACE 2006 and Table 4-4-1 of USACE 1992)
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Table A-7 presents the armor layer gradation results for the minor displacement level for a 50H:1V slope computed by
ACES.

Table A-7
Cap Armor Gradation for Minor Displacement for Remediation Area E
Stone Size
(inches) for Minor
Gradation and Displacement
Thickness (S=3)
Do 14
Dis 2.2
Dso 3.0
Dss 3.7
Digo 4.7
Thickness of Armor
Layer 6

Sensitivity analyses:

A sensitivity analysis was performed on the permeability coefficient. Variations in water depth at the toe of the
structure and breaking criteria do not affect the armor stone size or gradation just the wave runup distance. In
Onondaga Lake, the sediment cap is always submerged and does not extend above the lake surface; thus the wave run-
up estimate in the revetment design methodology is not used. The permeability coefficient was varied between 0.6 (a
homogeneous structure, consisting only of armor stones as shown in Figure 4-4-2d of USACE 1992) and 0.5 (two-
diameter-thick armor layer on a permeable core with a ratio of armor/core stone diameter was 3.2 as shown on Figure
4-4-2¢ ). The median stone size varied between 2.8 inches for P=0.6 and 2.9 inches for P=0.5. Therefore, the approach
presented above and summarized in Table A-7 (i.e., a P=0.4) was used in this design.

Table A-8 presents the armor layer gradation results for the minor displacement level for a 50H:1V slope computed by
ACES for the other Remediation Areass.

Table A-8
Cap Armor Gradation for Minor Displacement for Remediation Areas
Gradation and Particle Size (inches)
Thickness A B Cand D E
Dg 0.7 0.8 1.0 1.5
D5 1.1 1.2 1.4 2.2
Dso 1.5 1.7 1.9 3.0
Dgs 1.8 2.1 2.4 3.8
D1go 2.3 2.6 3.0 4.8
Minimum Thickness of 3 35 4 6
Armor Layer

ANCHOR
QEA &2



CALCULATION SHEET SHEET 13 of 13
DESIGNER: KDP/MRH DATE: 6-01-09 CALC.NO.: 1 REV.NO.: 1
PROJECT: Onondaga Lake CHECKED BY: RKM CHECKED DATE: 6-08-09

SUBJECT: Wind-Wave Analysis for Sediment Cap Armor Layer Designs - Example Calculation

RECORD OF REVISIONS
APPROVED/

NO. REASON FOR REVISION BY CHECKED ACCEPTED DATE

1 Revise the calculation to include wind data from |[MRH RKM
2007 to 2009 and to address NYSDEC’s comments
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COMPARATIVE MONTHLY AVERAGE
WIND SPEEDS (IN MPH) FOR SYRACUSE
AIRPORT, WASTEBED 13 SITE, AND
LAKESHORE SITE — DECEMBER 2006
THROUGH FEBRUARY 2009




Comparative Monthly Average Wind Speeds (in mph) for Syracuse
Airport, Wastebed 13 Site, and Lakeshore Site - December 2006
through February 2009

Syracuse
Hancock Int'l
Month Airport WB13 Lake Shore
January 11.1 8.3 8.2
February 11.7 9.3 8.5
March 11.4 8.3 7.5
April 10.9 8.0 7.4
May 8.6 6.1 6.0
June 8.5 5.5 5.8
July 7.6 5.2 5.4
August 8.0 5.1 5.4
September 7.8 5.2 5.3
October 8.8 6.5 6.0
November 9.5 6.5 6.9
December 11.4 8.5 8.4

Comparative Monthly Maximum Wind Speeds (in mph) for Syracuse
Airport, Wastebed 13 Site, and Lakeshore Site - December 2006
through February 2009

Syracuse
Hancock Int'l
Month Airport WB13 Lake Shore
January 46 30 26
February 33 35 24
March 34 30 22
April 37 26 25
May 28 19 19
June 33 19 19
July 29 17 14
August 33 16 14
September 34 29 29
October 28 27 18
November 33 26 24
December 66.7* 25 23

Note:

* The maximum value of 66.7 mph for December measured at Syracuse Airport may have
been an anomalous or erroneous measurement. This maximum value occurred on
December 19, 2008. The maximum wind was 66.7 mph blowing from the southwest (200
degrees). At the same day and hour, the maximum winds at WB13 and the Lakeshore
were both 9.0 mph and from the east. At the airport, the wind speed one hour before and
one hour after this measurement were 17 and 16 mph respectively, and from the east (100
degrees). Therefore, this value appears inconsistent with other measurements. The
maximum windspeed for December excluding this value is 40.3 mph.
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Objective: To determine the particle size necessary to prevent erosion of sediment cap due to the 100-year flood flows
from tributaries to Onondaga Lake. This document presents an example calculation for Onondaga Creek as
well as the results of the analysis for Ninemile Creek.

References:

Effler, 5. 1996 Limnological and Engineering Analysis of a Polluted Urban Lake: Prelude to Environmental
Management of Onondaga Lake, New York. Springer-Verlag, New York.

Maynord, S. 1998. Appendix A: Armor Layer Design for the Guidance for In-Situ Subaqueous Capping of Contaminated
Sediment. Prepared for the U.S. Environmental Protection Agency (USEPA).

U.S. Army Corps of Engineers (USACE). 1994. Hydraulic Design for Flood Control Channels EM1110-2-1601

USACE. 1996. Users Guide to RMA2 Version 4.3, U.S. Army Corps of Engineers — Waterways Experiment Station
Hydraulics Laboratory. (June 1996).

United States Geological Survey (USGS). 2006. Magnitude and Frequency of Floods in New York. Scientific
Investigations Report 2006-5112.

Vanoni, V.A. 1975. Sedimentation Engineering. ASCE Manuals and Reports on Engineering Practice — No. 54, 730 pp.

Computation of 100-year flood flows for tributaries and resultant particle size(s): The following presents a detailed
summary and example calculation for the Onondaga Lake tributary analysis. The numbered list below outlines the
general approach used for the calculation and defines specific parameters used in the calculations. Subsequent sections
below illustrate a step-by-step calculation for the example case of Onondaga Creek.

1. Estimate the 100-year return interval flood flow

Estimation of peak discharge for the 100-year return interval flood flow was based on three different methods/sources.
These values were reviewed and compared and the most conservative value was recommended for utilization in the
design. The methods/sources included:

e Fitting a Log-Pearson Type III (LP3) probability distribution to the data and estimating the return flow based
on the expected value of the distribution at the 99% exceedance level.

e Using the United States Geological Survey (USGS) flood frequency analysis PeakFQ program (also based on
the LP3 method).

¢ Obtaining 100-year flood flow estimates from a USGS report of flood flows for streams in New York State
(USGS 2006).
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2. Predict velocity flow fields using USACE’s RMA2

The velocity fields generated by the 100-year flows from Onondaga Creek were modeled using the USACE
hydrodynamic model, RMA-2. The RMA2 model is a 2-dimensional, depth-averaged (i.e., the model computes lateral,
not vertical variations in flows), finite element, hydrodynamic numerical model routinely used by the USACE for
hydrodynamic studies. The RMA2 model was used in conjunction with the Surface Water Modeling System (SMS) for
RMAZ2, which is a pre- and post-processor that includes a graphical interface for display of inputs and results. A
detailed description of the model input parameters is provided in Section 6 of Appendix D.

Current velocities along the centerline of the tributary discharge were extracted from the model and used for
determination of stable particle size. Table C-1 presents the computed velocities along the centerline of the Onondaga
Creek.

Table C-1
Predicted Velocities along the Discharge Centerline from Onondaga Creek
Computed
Distance Offshore Velocity

(feet) (fps)

0 2.7
206 2.1
382 1.9
744 1.5
1100 1.3
1785 0.9
1990 0.8
2590 0.7

Notes:
a. Sediment cap extends approximately 1,840 feet offshore from Onondaga Creek (indicated with shading).
b. fps = feet per second

The analysis for Ninemile Creek followed a similar approach (i.e., use of the RMA2 model). Table C-2 presents the
computed velocities along the centerline of the Ninemile Creek
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Table C-2
Predicted Velocities along the Discharge Centerline from Ninemile Creek
Distance | Computed
Offshore Velocity
(feet) (fps)

0 3.8
79 3.4
251 2.8
363 2.3
551 1.9
749 1.4
1038 1.1
1466 0.7
1529 0.7
1922 0.6

Notes:
a. Sediment cap extends approximately 1,450 feet offshore from Ninemile Creek (indicated with shading).

b. fps = feet per second
3. Compute the Stable Sediment Sizes at Various Depths along the Centerline Discharge of the Tributary

The stable sediment size for maximum current velocities or a flood flow was estimated using the following two
methods, for comparative purposes:

e Equation 2 from Appendix A — Armor Layer Design from the Guidance for In-Situ Subaquaeous Capping of
Contaminated Sediments (Maynord 1998).
e Shields Diagram (Vanoni 1975) (see Figure C-1).

Using Equation 2 from Maynord (1998) for a current velocity of 0.9 fps at a water depth of 32 feet located
approximately 1,800 feet offshore, the Dso is approximately 0.02 inches (0.51 mm):
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1/2
v Vv
D, =S,C.C,C,C.d =
%0 f e (75 - }/W] \/@
% 25
62.4% 09"
Dy =1.1* 0.375* 1.25* 1* 1.52* 32 ft R Sf
165— —62.4— \/0.99* 322 * 32t
s S s’

D, = 0.002 ft = 0.02 inches

Where,

St = safety factor = 1.1 (page A-6 from Maynord 1998)

Cs = stability coefficient for incipient failure = 0.375 for rounded rock (page A-6 from Maynord 1998)

Cv = velocity distribution coefficient = 1.25 (page A-6 from Maynord 1998)

Cr = blanket thickness coefficient (typically 1 for flood flows)

Cc = gradation coefficient = (Dss/D1s)13

Dss/D1s = gradation uniformity coefficient (typical range = 1.8 to 3.5) = 3.5 (page A-6 from Maynord 1998)
d = depth = 32 feet

Ys= unit weight of stone = 165 lbs/ft? (page A-6 of Maynord 1998)

Yw= unit weight of water = 62.4 1bs/ft?

V = maximum depth-averaged velocity = 0.9 fps

sin® o
sin?

Ki = side slope correction factor = , [1— (page 3-7 from USACE 1994)

Where,

O = angle of side slope with horizontal = 50 horizontal:1 vertical for restored slopes

¢ = angle of repose of riprap material (normally 40 deg) (page 3-7 from USACE 1994)
g =232.2ft/s?

Using the Shields Diagram, the Dso is approximately 0.04 inches (1 mm).
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Figure C-1. Shields Diagram for Initiation of Cap Material Movement
(from Vanoni 1975)

The results for the discharge along the centerline are presented in Table C-3 below.

Notes:

Table C-3
Stable Particle Sizes along the Discharge Centerline from Onondaga Creek
Median Particle
Distance | Computed Diameter (inches) Design Median | Design Median
Offshore | Velocity Maynord Vanoni Particle Size Particle Size Sediment
(feet) (fps) (1998) (1975) (inches) (mm) Type
0 2.7 0.36 0.33 0.36 9.2 fine gravel
206 2.1 0.19 0.24 0.24 6.0 fine gravel
382 1.9 0.14 0.18 0.18 4.5 coarse sand
744 1.5 0.09 0.11 0.11 2.8 coarse sand
1100 1.3 0.06 0.08 0.08 2.0 medium sand
1785 0.9 0.02 0.04 0.04 1.0 medium sand
1990 0.8 0.02 0.03 0.03 0.8 medium sand
2590 0.7 0.01 0.02 0.02 0.6 medium sand

a. Sediment cap extends approximately 1,840 feet offshore from Onondaga Creek (indicated with shading).
b. Sediment type was classified using the Unified Soil Classification System.
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The results for the discharge along the centerline of Ninemile Creek are presented in Table C-4 below.

Table C-4
Stable Particle Sizes along the Discharge Centerline from Ninemile Creek
Median Particle
Distance | Computed Diameter (inches) Design Median | Design Median
Offshore Velocity Maynord Vanoni Particle Size Particle Size Sediment
(feet) (fps) (1998) (1975) (inches) (mm) Type
0 3.8 1.00 0.71 1.00 25.5 coarse gravel
79 3.4 0.77 0.59 0.77 19.5 coarse gravel
251 2.8 0.52 0.35 0.52 13.2 fine gravel
363 2.3 0.30 0.28 0.30 7.7 fine gravel
551 1.9 0.19 0.18 0.19 4.8 coarse sand
749 1.4 0.08 0.08 0.08 2.2 coarse sand
1038 1.1 0.05 0.06 0.06 1.6 medium sand
1466 0.7 0.01 0.02 0.02 0.6 medium sand
1529 0.7 0.01 0.02 0.02 0.6 medium sand
1922 0.6 0.01 0.02 0.02 0.4 fine sand

Notes:
a. Sediment cap extends approximately 1,450 feet offshore from Ninemile Creek (indicated with shading).
b. Sediment type was classified using the Unified Soil Classification System.

Additionally, the stable particle size to resist current velocities in Onondaga Lake under typical weather conditions
were assessed using current velocities reported in Effler (1996). The results are presented in Table C-5.
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Table C-5
Stable Particle Sizes for Typical Onondaga Lake Current Velocities
Median Particle Diameter
Measured (inches) Design Median

Velocity Maynord Particle Size Sediment
(fps)® (1998) Vanoni (1975) (inches) Type
0.17 <0.001 <0.004 0.004 fine sand
0.02 <0.001 <0.004 0.004 fine sand
0.25 0.001 <0.004 0.004 fine sand
0.04 <0.001 <0.004 0.004 fine sand
0.18 <0.001 <0.004 0.004 fine sand
0.03 <0.001 <0.004 0.004 fine sand

Notes:
a. Measured velocities include values reported by Effler (1996) in the littoral zone (<9 meters).
b. Sediment type was classified using the Unified Soil Classification System.

RECORD OF REVISIONS

APPROVED/
NO. REASON FOR REVISION BY CHECKED ACCEPTED| DATE
Updated post-remediation bathymetry KDP MRH 11-24-09
2 Updated post-remediation bathymetry in KDP MRH 12-14-10
Remediation Area A
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PROPELLER WASH ANALYSIS FOR
SEDIMENT CAP ARMOR LAYER DESIGNS
— EXAMPLE CALCULATION




CALCULATION COVER SHEET

PROJECT: Onondaga Lake CALCNO. 1 SHEET 1of11
SUBJECT: Attachment D — Propeller Wash Analysis for Sediment Cap Armor Layer Designs - Example Calculation

Objective: To determine the propeller wash velocities from commercial and recreational vessels that may operate in
Onondaga Lake’s Remediation Areas and the resultant particle size(s) necessary for stability of the
sediment cap subject to these propeller wash flows.

This document presents an example calculation for a commercial and recreational vessel.
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Computation of commercial vessel propeller wash and resultant particle size(s): The following presents a detailed
example calculation for a commercial vessel operating on Onondaga Lake. The numbered list below outlines the
general approach used for the calculation and defines specific parameters used in the calculations. Subsequent sections
below illustrate a step-by-step calculation for the example case. The example calculation is provided for the Mavret H
tugboat operating in 14 ft of water at 25 percent of the installed engine power.

1. Select representative vessel for analysis
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The Mavret H tugboat was the example vessel used in the calculation to represent tugboats operating on the Lake.
Based on previous discussions with the vessel owner, the tugboat has the following characteristics:

e Number of engines: One

e Propeller shaft depth: 3 feet (ft)

e Total installed engine horsepower: 800 horsepower (hp)
e Propeller diameter: 4.67 ft

e Ducted propeller: Yes

2. Determine the maximum bottom velocities in the propeller wash of a maneuvering vessel

Equation 4 from Maynord (1998) is used to first determine the jet velocity exiting a propeller (Uo) in feet per second
(fps):

where

C2=7.68 for ducted propellers (page A-10 from Maynord 1998)
P4 = applied engine horsepower
Dy = Propeller diameter = 4.67 ft (from above)

Previous discussions with tug operators indicate that their vessels operate in the deeper portion of the Lake and use an
average of 25 percent of their horsepower. For this example calculation, Pa = 0.25x800 hp =200 hp. Therefore,

U -c|| - (7.68)(ﬂj3 ~16.1fps
D, 467

The resulting maximum bottom velocities, Vbmaximum), in the propeller wash of a maneuvering vessel is computed using
Equation 3 from Maynord (1998):

Vb(maximum) = ClUODp/Hp
where
C1=0.30 for a ducted propeller

Hp = distance from propeller shaft to channel bottom in ft

In this example calculation, the tugboat operating in a depth of 14 ft of water is being evaluated. Therefore, Hp = 14 ft-
3 ft=11 ft. The maximum bottom velocity for this case is:

Vb(maximum) = ClUODp/Hp:030(161)(467)/1 1=2.0 fpS
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3. Compute the Stable Sediment Sizes to resist the propeller wash of a maneuvering vessel

Equation 5 from Maynord (1998) is used to compute the Stable Sediment Sizes to resist the propeller wash of a

maneuvering vessel:
7% p |
Vb(maximum) = C3|:g[ 7/ J DSO :|

Cs = 0.7 for small transport (page A-10 from Maynord 1998)

Dso = median particle size

Ys=unit weight of stone = 165 pounds per cubic foot (Ibs/ft?) (page A-6 of Maynord 1998)
Yw= unit weight of water = 62.4 1bs/ft?

where

Solving for Dso:

20
_ 0.7 — 0.15ft =1.9inches

32.2(165— 62.4)
62.4

50

The computed particle size for the Mavret H operating in 14 ft of water at 25 percent power is 1.9 inches (coarse gravel).
It should be noted that this method provides a conservative estimate of stable particle size for the low bottom velocities
when compared with other methods used to compute a representative particle size to resist erosion associated with
current velocities. For example, the stable particle size to resist a 2 fps bottom current velocity using Shields diagram
presented in Vanoni (1975) is 0.2 inches (5 millimeters).

Computation of recreational vessel propeller wash and resultant particle size(s): The following presents a detailed
example calculation for a recreational vessel operating on Onondaga Lake at high speeds in shallow water. This
approach for evaluating the propeller wash from recreational vessels involved adapting the predictive equations
developed for the larger vessels (based on Maynord 1998) to address smaller recreational vessels under moving
conditions. The refinements were based, in part, on results of a field study where bottom-mounted current meters
were used to measure actual bottom velocities of maneuvering and passing recreational vessels in the Fox River
(Wisconsin). This refined approach was successfully applied and accepted by USEPA (Region V) for the design of the
Lower Fox River remediation to evaluate the effects of propeller wash for the design of the armor layer of a sediment
isolation cap (Shaw and Anchor 2007).

The example calculation is provided for the Triumph 191 FS boat operating at 50 percent power at 5 ft above the
sediment cap armor layer.

1. Select representative vessel for analysis

The Triumph 191 FS boat was the example vessel used in the calculation to represent ski and fishing boats operating on
Onondaga Lake. Based on discussions with and specifications provided by the manufacturers and boat dealers, the
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Triumph 191 FS has the following characteristics:

e Number of engines: One

e Propeller shaft depth: 2.5 ft

e Total installed engine horsepower: 150 hp
e Propeller diameter: 1.33 ft (16 inches)

e Ducted propeller: No

2. Compute jet velocity for the moving vessel
The thrust, T, generated by the propeller is computed based on the applied engine horsepower at a given time during
the start-up (e.g., period during which vessel accelerates from a stand still). A relationship between engine power and

thrust (T in pounds force [Ib]) for a range of applied power was previously compiled and presented in Shaw and
Anchor (2007) and is utilized to compute the thrust for this example as follows:

T[lb,]=10.3(P,) + 370
Blaauw and van de Kaa (1978) is used to first determine the jet velocity exiting a propeller (Uo) in meters per second

(m/s) based on the thrust:
U, - E[Lj
D, L p.

Where pw = density of water (in slugs per cubic foot)

For this example, the maximum applied engine power is assumed to be 50 percent of 150 hp (or 75 hp). The applied
engine power is assumed to increase linearly between zero at t=0 and 75 hp at the end of the engine power dwell time.
The engine power dwell time ranges between approximately 1 and 3 seconds (Shaw and Anchor 2007). A value of 3
seconds was used in this analysis. Therefore, the power applied at time t = 1 second, would be the final applied power
of 75 hp divided by engine power dwell time (i.e., 25 hp). Similarly, 50 hp would be applied at time t=2 seconds.

For the Triumph 191 FS operating at 50 percent power at 0.5 seconds after start-up:

T= 10.3(0.5><150>< O—:J + 370 = 498.8Ibf = 2219 Newtons(N)

- 104988} _ 19 3tns(in English Units) or
1.33\ 1.94

= ﬁ @ = 5.87 metersper second (in Sl Units)
0.406\ 1000

This jet velocity behind the stationary propeller is converted to a velocity for the moving vessel relative to a fixed point
using the boat speed, as described below.
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The increase in boat speed during start-up conditions is assumed to be linear from zero at time zero (t=0) to maximum
speed at the end of the boat speed dwell time. For the Onondaga Lake propeller wash evaluation, it was assumed that
maximum boat speed will be dependent on propulsion parameters (e.g. applied engine power). The maximum boat
speed, Vwmax, for use in calculating the speed at each time step for a given set of operating conditions is estimated
using a regression equation developed from values for boat speed (in miles per hour) and applied engine power (in hp)
from field measurements reported by engine manufacturers (Shaw and Anchor 2007):

V,,. =2.0229(P,)"*

w(max)

The boat speed dwell time is assumed to be 1.5 x engine power dwell time (Shaw and Anchor 2007). Therefore , tmay is
defined as follows

tmay = 1.5 x engine power dwell time

Based on the assumed linear increase in boat speed between t=0 and tmax), the boat speed at time t, Vuw), is computed as

follows:
t
Vw(t) =Vw(max) Y
t(max)

For the example calculation at time t=0.5 seconds:

V, .., =2.0229(0.5x150)"** =14.5mph

W (max)

tmax = 1.5 x 3 =4.5 seconds

0.5

V. =14.5 — |=1.61mph = 2.36fps
4.5

The method used to compute the relative near bottom velocity from a moving vessel is to first compute the jet velocity

exiting a propeller (Uo) and the subtract the vessel speed from Uo. The adjusted X is then used to compute the near

bottom velocity. For this example, the jet velocity exiting a propeller (Uo) for the moving vessel relative to a fixed point

is

Uo=19.3 fps — 2.36 fps = 16.9 fps

The instantaneous fluid velocity (Vx) at a given point in the velocity jet relative to the propeller is computed using the
Equation 6 from Maynord (1998) but modified to include the effects of propeller pitch (i.e. jet angle with respect to
horizontal):

V. = 278xU, x 22 exp —15.43(3 +V,
X

where

ANCHOR
QEA &2




CALCULATION SHEET SHEET 6 of 11
DESIGNER: MRH DATE: 6-08-09 CALC.NO.: 1 REV.NO.: 1
PROJECT: Onondaga Lake CHECKED BY: PTL CHECKED DATE: 7-07-09

SUBJECT: Propeller Wash Analysis for Sediment Cap Armor Layer Designs - Example Calculation

V, = Instantaneous fluid velocity at coordinate x and z in fps

X=Horizontal distance aft of propeller in ft
Z = Radial distance from axis of propeller in ft (see attached sketch)

D,=0.71 D, for non-ducted propeller

V, = Velocity adjustment at point of calculation to account for jet angle with respect to horizontal. Note: this velocity
adjustment is included in the computation of the radial distance from the jet centerline to the point of interest, z: (see
Figure D-1)

Water surface

o L A t Prop shaft depth, d

0, AQ Centerline of propeller axis
"},0 Distance aft, x L3 prop

Radial distance from jet centerline, z

Water Depth, W z=W-d-z,

y
3 Point of interest

Reference height, z = 0.85 ft

Water surface

5 4 t Prop shaft depth, d
P » Distance aft, x

Centerline of propeller axis

Water Depth, W Radial distance from jet centerline, z

z = [W-d-z-Xtan(0)]cos(6)

Point of interest
Reference height, z = 0.85 ft

Figure D-1. lllustration of factors accounted for in Vg

The flow pattern behind a stationary propeller is typically divided into a zone of flow establishment and a zone of
established flow (Albertson et al. 1948). The zone of flow establishment typically occupies the distance 4 propeller
diameters downflow from the propeller (Francisco 1995). Within the zone of flow establishment, momentum has not
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diffused away from the jet to the extent of affecting the core velocity, and bottom velocities are less than at the same
elevation at the start of the zone of established flow. Therefore, for this evaluation, the horizontal distance, x, is
selected as multiples of the propeller diameter beginning at a distance of 4Dp. The peak bottom velocities can occur at
a distance greater than 4Dp. Based on discussions with boat representatives and manufacturers, a propeller pitch angle
of 7.5 degrees was used for this analysis for recreational boats.

For example, for x =5Dp = 5(1.33) = 6.65 ft

z=[5-2.5-0.85- 6.65x tan(7.5)]cos(7.5) = 0.77 ft

2
\Y :2.78><16.9><M6Xp —15.4 o =5.421fps
* 6.65 6.65

Figure D-2 presents the instantaneous fluid velocity (Vx) relative to the propeller for this example.

5.5 \
5

Instantaneous Fluid Velocity

A
3.5

2.5

1.5

\

Instantaneous velocity at coordinate x and z (feet per second)
w

0.5
5 10 15 20 25 30 35 40 45 50 55

Horizontal Distance aft of propeller (feet)

Figure D-2. Instantaneous fluid velocity (Vx) relative to the propeller
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3. Compute propeller wash time series for a moving vessel

The velocity pattern at the reference height above the bottom (0.85 ft) behind the stationary propeller is converted to a
time series of velocity for the moving vessel relative to a fixed point using the boat speed computed above. The
reference height of 0.85 feet was selected as it corresponds to the minimum height above the bottom at which reliable
measurements could reasonably be collected during previous field experiments. Previous propeller wash evaluations
and particle sizes at the threshold of motion were compared to field measurements of velocities collected at this
elevation (Shaw and Anchor 2007). To do so, the velocity vs. distance values (Figure D-2) are “translated” using the
speed of the boat for the time step of interest. For example:

To X _ 6O ;e

V. 2.36fps

w(t)

For the cases where the peak of the relative velocity time series is not well defined, the time T for x=0 is computed as
one half of the time computed for the peak velocity. Figure D-3 presents the propeller wash time series for this
example.

Propwash Time Series

\

Instantaneous Relative Fluid Velocity (feet per second)
w

1 \
0
0 5 10 15 20 25
Time (seconds)
Figure D-3. Propeller Wash Time Series
ANCHOR

QEA &2




CALCULATION SHEET SHEET 9 of 11
DESIGNER: MRH DATE: 6-08-09 CALC.NO.: 1 REV.NO.: 1
PROJECT: Onondaga Lake CHECKED BY: PTL CHECKED DATE: 7-07-09

SUBJECT: Propeller Wash Analysis for Sediment Cap Armor Layer Designs - Example Calculation

Instantaneous velocities are calculated at intermediate points by linear interpolation between the points defining the
curve in Figure D-3 using the procedures described in (Shaw and Anchor 2007). The effective velocity at each step in
the velocity time series is computed as the average of a given instantaneous velocity and the peak instantaneous
velocity. The duration corresponding to this effective velocity (AT) is conservatively assumed to be equal to the
duration at the given instantaneous velocity:

ATwr) = T2vr) — T1vR)
where

ATr) = duration of time for which fluid velocity exceeds a given instantaneous relative velocity. Computed by
interpolating between points on the velocity time series

Tivr) = time within propeller wash time series that given instantaneous relative velocity is first exceeded (see Figure D-
3)

Tavr) = time within propeller wash time series that given instantaneous relative velocity is no longer exceeded (see
Figure D-3)

For example, for the peak instantaneous relative velocity = 5.42 fps from Figure D-3 and for Vx=3.0 fps:

V. = 3.0+542

eff

=4.21fps

AT s = 6.25 -2.17 =4.08 sec

4. Compute Particle Size at Threshold of Motion

This step presents the estimation of particle size at threshold of motion using two methods, including a momentum
based approach that considers both duration and magnitude of the flow as well as empirical data presented by Neill
(1973) for a duration unlimited case as an upper bound of particle instability. The methods presented in the USEPA
guidance (Maynord 1998) and technical literature (Blaauw and van de Kaa 1978) are based on large ocean-going vessels
operating at very slow speeds (e.g., maneuvering operations), and therefore are not fully applicable to the smaller, fast-
moving recreational vessels that typically operate in the shallower waters of Onondaga Lake. Specifically, the model
does not properly consider the angle of the propeller (the propeller angling downward toward the bed as the boat is
starting up) or the transient (i.e., moving vessel) nature characteristic of recreational propeller wash. In addition, as
shown above, the USEPA guidance provides a conservative estimate of stable particle size for the low bottom
velocities.

The threshold particle size was computed using the following equation that considers of both velocity and duration
(Shaw and Anchor 2007).

V 2
D50 = ECD =
e, av,,
| gC, + -0C,
pfluid At
where
pnuid = fluid density in lbs/ft? = 62.4 1bs/ft?
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Prediment = particle density in lbs/ft? = 165 lbs/ft?
C, =Drag and lift combined coefficient. The lift and drag coefficients empirically account for two forces, lift and

drag, that are exerted on a particle resting on the bed as a result of passing flow and contribute to the initiation of
motion of the particle. The drag and lift coefficient of 0.35 is used in this analysis based on a review of published
literature (van Rijn 1993; Saffman 1965, 1968; and others).

Vett = effective fluid velocity in fps

Cr = Coefficient of friction (tan ¢). The coefficient of friction here relates to a combination of friction (resistance to
movement) forces acting on a single particle on a horizontal bottom, stochastically bounded with other particles. The
friction angle of 45.67 degrees is used in this analysis based on a range of values reported in literature (Middleton and
Southard 1984).

a =ratio of particle speed to fluid speed at initial motion. A value of 0.86 was used in this analysis (based on van Rijn
1984).

Dso = particle diameter, in ft

For the effective velocity of 4.2 fps and AT=4.08 sec:

w

4.2°

D, =—(0.35) =0.082 ft = 0.98inches

4 165 ((32.2) tan 45.67 + (086)(42)] - (32.2)tan 45.67
62.4 4.08

The threshold particle size was also computed for each effective velocity value assuming a duration unlimited
condition according to the following relationship based on Neill (1973).

D, =(V,,)***x0.002

where
Dso = median particle size in inches at threshold of motion
Veit = velocity specific to reference point of interest, zr (0.85 ft)

D,, = (4.2)*** x 0.002 = 0.32inches

Both threshold particle size curves are plotted on Figure D-4. The particle size at threshold of motion is selected as the
peak of the momentum equation curve if that peak plots to the right of (or below) the Neill curve. If the peak of the
momentum equation curve plots to the left the Neill curve, the particle size at threshold of motion is defined as the
intersection point of the momentum equation curve and the Neill curve.
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Particle Size at Threshold of Motion
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Figure D-4. Particle Size at Threshold of Motion

In this case, the peak of the momentum equation curve plots to the left the Neill curve, so the particle size at threshold
of motion is defined as the intersection point of the momentum equation curve and the Neill curve. Therefore, the
stable particle size for a Triumph 191 FS boat operating at 50 percent power 5 feet above the sediment cap armor layer
is 0.8 inches (coarse gravel).
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Objective: To determine the wave height and period generated by a vessel traveling through Onondaga Lake’s
Remediation Areas.
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Bhowmik, N.G., Soong, T.W., Reichelt, W.F., and Seddik, N. M. L. 1991. Waves generated by recreational traffic on the
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Engineers, New York, III, pp 3227-43.

Determination of wake wave height and period for a tugboat: The following presents a detailed summary and
example calculation to determine the wave height and period of a wake wave generated by a tugboat traversing
Onondaga Lake. The approach was developed by Weggel and Sorensen (1986) and Sorensen and Weggel (1984). The
numbered list below outlines the general approach used for the calculation and defines specific parameters used in the
calculations.

1. Obtain vessel characteristics (model input parameters) for the vessel in question, in this case the Mavret H, a
tugboat. Also, determine water depth and distance to sailing line, where wave characteristics will be assessed.
These parameters are provided in the following table:

Table A-1
Vessel Characteristics and Input Parameters (Tugboat)
Parameter Value Units
Length 70 feet
Vessel Displacement 24 metric tons
Vessel Speed 10 mph
Water Depth 14 feet

2. Relating maximum wave height, Hu, to the vessel speed, distance from the sailing line, water depth, and the vessel
displacement yields four dimensionless variables (equations 1 through 4) with their corresponding values for this
calculation:
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F=

v
Jod

where

F = Froude number

V = vessel speed

g = acceleration of gravity

d = water depth

x* = dimensionless distance from vessel sailing line to point of interest

x = distance from vessel sailing line to point of interest measured perpendicular to the sailing line
W = vessel displacement = 24 metric tons x 2,204 Ibs/metric ton/62.4 1bs of water per ft? = 850 ft3
Hr* = dimensionless maximum wave height

Hm = maximum wave height in a vessel wave record

d* = dimensionless water depth

B. The basic initial model, in terms of these dimensionless variables, is given by (equation 5):
H,* = a(X)"
Where o and 7 are a function of the Froude number and dimensionless depth as follows (equation 6):

n=4(d)’
Where (equation 7):
p=-0.342 0.55<F<0.8
P=-0225 Fo6%  (0.2<F<0.55

o0=-0.146 0.55<F<0.8
0=-0.118 F93¢  0.2<F<0.55
and (equation 8):
log(a) = a+blog (d*) +c(log (d*))?
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where (equation 9):
-0.6
a=—-
F

b=0.75F +**
Cc=2.653F -1.95
4. Using Equations 5 through 9, Hx can be determined given the vessel speed, displacement, water depth, and

distance from the sailing line. These equations are valid for vessel Froude numbers from 0.2 to 0.8, which are
common for most vessel operations, and in this case is 0.69 as defined in equation 1 above (and shown in the

calculation below).
, 0T Sxs20 L <o éoohr
(= _ r mile , Sec —0.69
Vo 1322 141t
S
Where,

F = Froude number

V = vessel speed = 10 miles per hour
g =322 ft/s?

d = water depth = 14 feet

Given F =0.69, B =-0.342 and 8 = -0.146 and the value of Hm=1.5 ft

equation 2:
_ox _ft
we= (850t )
equation 3:
d* - d _ 141t
we®  (850ft°)"”
equation 4:
H.*= V\'/*% =H, =(H, *)W)=016x(850ft’ )" =1.5ft
equation 5:
H *=a(X)"=021x(27)*" =0.16
equation 6:
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n=/(d")’ =-0.342x(1.5)" = -0.3

equation 8:
log(er) = a+blog(d")+c(log(d"))" =-0.87+1.1log(1.5)+ -0.12(log(L.5) )’ = -0.68
a=10""=0.21
equation 9:
F 0.69
b=0.75F * = 0.75(0.69) " =1.1
c=2.653F —1.95= 2.653x 0.69-1.95 = —0.12
Where,

F = Froude number = 0.69 (per equation 1 above)
V = vessel speed = 10 miles per hour
g = acceleration of gravity = 32.2 ft/s?
d = water depth = 14 feet
x* = Dimensionless distance from vessel sailing line to point of interest
x = Distance from vessel sailing line to point of interest measured perpendicular to the sailing line = 25 feet
W = vessel displacement = 850 ft3
m* = Dimensionless maximum wave height
Hm = maximum wave height in a vessel wave record
d* = Dimensionless water depth

5. The wave height is subsequently adjusted by modifying the value of Huby the following relationship (equation 10):
H,=AH,_ -B=173x15ft-0.015=2.58ft
Where,

A" and B' = coefficients to account for hull geometry = 1.73 and 0.015 (Equation 14 and Table 2 of Weggel and Sorensen
1986)

6. In order to determine the wave period, the diverging wave direction is determined with respect to the sailing line,
by the following equation (equation 15):

0=3527-35271F1 g

0 =as n(ij F>1
=

In this example calculation where F= 0.69:
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0 = 35.27 — 35.27%%%12) — 34 4 degrees, or 0.6 radians

And the diverging wave celerity, C is determined by the following (equation 16):

C=Vcos(0)=10MS, 5080 " 1 N o506 =121
hr mile 3,600 sec sec

Where,
V = vessel speed =10 mph

And the period is calculated as (equation 17):

T=27(C/g)  F<07

T=— F>0.7
C

Where L* is determined through an iterative process, to match C with C* where C* is defined as (equation 18):

V32.2xL x0.5

C = r
T X tanh[27r I:j

In this example F < 0.7, and the first part of equation 17 is used to determine T:

12. 11

T=2rx ;3%0 = 2.4secC
322

2

Determination of wake wave height and period for a ski and fishing boat: The following presents a detailed
summary and example calculation to determine the wave height and period of a wake wave generated by a ski and
fishing boat traversing Onondaga Lake. The approach was developed by Bhowmik et al. (1991). The numbered list
below outlines the general approach used for the calculation and defines specific parameters used in the calculations.

1. Obtain vessel characteristics (model input parameters) for the vessel in question, in this case the Triumph 191, a ski
and fishing boat. These parameters are provided in the following table:
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Table A-2
Vessel Characteristics and Input Parameters (Ski and Fishing Boat)
Parameter Value Units
Length 18.5 feet
Draft 1.17 feet
Vessel Speed 8 mph

2. Compute maximum wave height, Hw, using vessel length, vessel draft, vessel speed, and distance from the sailing
line using Bhowmik et al. (1991):

H = 0537\ 03650345 Lv0-56 D035

H, = 0537 (3.6 %) © (76m)™°(5.6m)(0.36)"* = 0.31m,or Lfoot

Where,

V = vessel speed = 8 mph, or 3.6 m/s

x = Distance from vessel sailing line to point of interest measured perpendicular to the sailing line = 25 feet, or 7.6
meters

Ly = vessel length = 18.5 feet, or 5.6 meters

D = vessel draft = 1.17 feet, or 0.36 meters
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Objective: To determine the factor of safety relative to bearing capacity for human foot traffic on the nearshore
sediment caps.

References:
Das, B.M. 1999. Shallow Foundations Bearing Capacity and Settlement. CRC Press.
Das, B.M. 1990. Principles of Geotechnical Engineering. Second Edition. PWS-Kent Publishing Company.

Determination of bearing loads due to human foot traffic: The following presents a detailed summary and example
calculation to determine the factor of safety relative to bearing capacity for human foot traffic on the nearshore
sediment caps in Onondaga Lake. The calculation was performed by assuming human foot traffic is similar to a
shallow foundation that rests on a layered material (the sand and gravel cap over the softer, fine grained sediments in
Onondaga Lake). The Terzaghi-Meyerhof method was used to compute the general bearing capacity of the cap. The
sediment cap (i.e. top layer) was conservatively assumed to be comprised of sand only with the following soil
properties:

Cohesion (c) = 0 pounds per square foot (psf)

Soil friction angle (¢) = 32 degrees

Submerged unit weight (y) = 125 pounds per cubic foot (pcf) for sand - 62.4 pcf for water = 62.6 pcf
The Bearing Capacity Factors for general shear failure are:

Nc = 35.49 (from Table 10.1 of Das 1990)

Nq = 23.18 (from Table 10.1 of Das 1990)

N, =30.22 (from Table 10.1 of Das 1990)

Approximating a human foot as a rectangular footing with a width (B) of 4 inches (0.33 ft), a length (L) of 10 inches,
(0.83 ft), and a footing depth (D) of O ft.

For the sediment cap, the general bearing capacity using Equation 10.37 from Das 1990 is:
1 1
g, =cN, +aN, +s /BN = (0)(35.49) + 0+ E(62.6)(0.33)(30.22) =312 psf

Note: since the foot traffic is at the top of the cap, there is no surcharge contribution to the general bearing capacity.

The bottom layer (i.e. the native sediments below the sediment cap) is assumed to consist of cohesive, fine-grained
sediments with the following properties:

Cohesion (c) = 25 psf (representing the softest sediments in the upper one foot)
soil friction angle (¢) = 0 degrees
Submerged unit weight (y) = 30 pcf (an average value of the sediments based on Pre-Design Investigations)
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The Bearing Capacity Factors for general shear failure are:

Nc = 514
Ngq=1.00
N, = 0.00

For the underlying sediments, the general bearing capacity using Equation 10.37 from Das 1990 is:
g, =cN_+0oN, + % /BN =(25)(5.14) + 0+ %(30)(0.33)(0.00) =129 psf

Equation 4.32 from Das (1999) was used to determine the ultimate bearing capacity (qu). The subscript 1 refers to the
sediment cap (the top layer) and the subscript 2 refers to the underlying, native sediments (bottom layer). The
thickness (H) of the sediment caps in the nearshore region can range from 2.75 ft to 5 ft in thickness.

2D
qu = qb +(2CéH J+(7/1H 2{1+;J[mj_7ﬁH

H B

Equation 4.29 from Das (1999) was used to determine qp:
g, =¢,N, +7,(D, +H)N,, + %yzBNﬂ = (25)(5.14)+ (62.6)0+ 2.75)(1) +%(3o)(o.33)(o) =301 psf

For a 5 ft thick cap, qv = 442 psf.

Ks was determined from Figure 4.15 of Das (1999) below:

SHALLOW FOUNDATIONS: BEARING CAPACITY AND SETTLEMENT 137
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For ¢, =32degre&eandi:%= 04LK =4

1

ca was estimated as 1 using Figure 4.23 from Das (1999) below:

s
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3
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@

FIGURE 4.23 Analysis of Meyerhof and Hanna for the variation
of e /e, with ¢,/¢,

Since& = % avaueof 1wasselectedfor c,

1

For a 2.75 thick nearshore cap:

g, =301+ (%j +(62.6)2.75) (1+ 5(—2]( 4:2?) —(62.6)(2.75) = 3,730 psf

For a 5 ft thick nearshore cap, qu= 12,000 psf
The applied load for a 200 Ib person on the cap is estimated as:

q:( 200 20ps

=7
0.83)(0.33)

Note: this is conservative as it does not consider the submerged weight of the person.
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Therefore, the Factors of Safety (FOS) for the 2.75- and 5-thick caps are:

3730

FOSZ.75-1: thickcap — ﬁ =511
12,000
FOSS-ﬂthickcap = 230 =16.4
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ICE EFFECTS ON SEDIMENTS
ONONDAGA LAKE

George D. Ashton, PhD
86 Bank Street
Lebanon, NH 03766
March 2004

BACKGROUND

As part of the effort to assess remediation of contaminated sediments in Onondaga Lake
in New York, there was concern as to whether or not ice effects would influence various
remedies being proposed, in particular capping of the existing bottom sediments. This
report discusses the nature of the ice cover on Onondaga Lake and associated ice
processes that could conceivably interact with the sediments. The conclusions below are
based on a site visit to Onondaga Lake on 18 November 2003, on published literature
dealing with ice and sediments, and some 35 years of personal experience examining
river and lake ice behavior.

ONONDAGA LAKE

Onondaga Lake is a small to medium-sized lake located near Syracuse, New York. It is
approximately 5 miles long and 1 mile wide with an orientation in the NW to SE
direction. For a lake of this size, it is fairly deep with maximum depth of about 20 meters.
The near shore areas slope gradually in a terrace to about 4 meters depth and then more
steeply to near the maximum depth. Typically the ice cover forms in late December to
early January and melts out near the latter part of March or the first part of April. Because
of its depth, the temperature cools beneath the maximum density temperature of 4° C but
does not cool down to the freezing point, since the surface ice cover forms before that
occurs. In the 2002-2003 winter the coldest temperature at 14 feet depth near the site was
about 2° C. From a water temperature record provided by Tim Johnson of Parsons
Company, it is estimated that the first substantial ice cover occurred about 15 January and
disappeared about 2 April. The winter 2002-2003 was extremely cold in the northeastern
U.S. and maximum level ice thicknesses in the lake, based on a degree-days freezing
algorithm using an air temperature from the site, were between 12 and 16 inches. Most
likely there are years in which complete freeze over does not occur, although the usual
scenario is one in which the lake is more or less completely ice covered.

ICE OBSERVATIONS
There are no known regular and/or historical ice thickness observations for Onondaga

Lake. Onondaga County made almost daily observations of the extent of ice cover on the
lake from the winter of 1987-88 through the winter of 2002-03. The lake was actively



used in the late 1800’s for iceboating which implies a more or less complete ice cover in
most years. In an interview with Tim Johnson (Parsons), he suggested it is not used
regularly by snowmobiles. In a telephone interview with Bob Halbritter of O’Brien and
Gere, he stated that there are occasional ice pilings along the shore but these are of
limited height (less than 5 feet) and were not considered severe. There are almost no
residential or camp docks along the lake’s shoreline and only a very small marina for
boating access. Ordinarily damage (or not) to such docks provide indications of ice
action. An inspection of the shoreline at several places by the writer showed no obvious
signs of ice damage such as tree scars, except possibly some abrasion of shoreline trees at
the very water’s edge and at the water level. These abrasions could also have been caused
by wave action on littoral debris near the shoreline.

The record of observations by Onondaga County was examined in detail. While
providing a good record of surface ice coverage, measurements of ice thickness were
infrequent. The surface ice coverage typically occurs in stages with initial ice formation
along the shores and in protected inlets but eventually covering the entire lake. Often
there are large open areas, particularly near the center of the lake. When the ice begins to
melt, it first becomes clear of ice by enlargement of the open areas where tributaries
enter, followed by an overall pattern that tends in most years to melt out the south basin
first followed by the north basin. In those sixteen years of observation only two cases of
shore ice piling was noted and they both occurred during the 1989-90 winter. On 1
February 1989 a photograph of thin ice piled on the eastern shore near French Fort was
included with the caption stating “strong winds and temperatures that reached a high of
52 degrees combined to cause the ice to break up on Onondaga Lake. The ice was piled
up in sheets on the eastern shore near the French Fort about 2:30 p.m. Tuesday.” The ice
appeared to consist of quite thin plates and no apparent damage could be observed from
the photograph. On the calendar notes of that year for 19 January 1989 is a notation
“heavy winds separated the South ...pushed it ashore as shown (in cove near the south
side of the lake).

Reported ice thicknesses were sparse in the record and rarely greater than 8 inches except
for the years 1993-94 and 2002-03. During the 1993-94 year there are two notations: on
16 February 94: “+/- 20.5 inches at North Deep” and on 4 March 94: “+/-19.5 inches at
North end.” The month of January 1994 was the coldest of record for the Syracuse area,
with an average air temperature of 12.6 °F. A degree-day calculation provided an
estimate of expected thicknesses between 12 and 18 inches, so these two measurements
are not inconsistent with the temperature record or other reported thicknesses that year. In
the 2002-03 winter there were a series of thickness measurements with the maximum
reported thickness 15 inches on 13 March 2003. The overall record that year is more
detailed than usual and this thickness is consistent with other measurements through the
season and a calculation based on freezing degree-days.



MECHANISMS OF ICE INTERACTION WITH BOTTOM SEDIMENTS

There are few studies of lake ice interaction with bottom sediments. However, several
mechanisms of ice action are known and can be assessed for Onondaga Lake.

Frazil and Anchor Ice

Formation of frazil or anchor ice is not likely to occur at Onondaga lake due to the size of
the lake and the low exposure to supercooling. Frazil is ice in very small crystals formed
in supercooled (below 0° C) water. While in the supercooled matrix water it is adhesive
to most materials. In some cases this frazil can adhere to the bottom sediments. When
attached to the bottom, it is often termed anchor ice. When the water warms, or the
deposit becomes large, the mass of frazil can rise and bring with it a quantity of sediment
to which it had adhered.

Two conditions are necessary for this frazil formation at depth. They are cooling of the
water to below 0° C and sufficient turbulent mixing to entrain the water and crystals to
depth. In the Great Lakes both occur with the turbulent mixing due to both wind and
current action, and the extended period of open water to achieve the necessary cooling
associated with the difficulty in forming an intact ice cover over such a large surface area.
In Onondaga Lake, neither condition occurs. The lake is not of sufficient size and
exposure to develop large wind-driven currents, and it is doubtful that the majority of the
lake becomes supercooled. There will be some limited supercooling of the top surface
water during the time of initial ice formation but this will only occur in the absence of
mixing with the warmer water below.

Wave Action

During the initial period of ice formation there may be very short periods when the wind
and wave action will prevent an intact ice cover from forming. This will manifest itself in
accumulations of very thin plates of ice accumulating in the surface waters at the
downwind shorelines. This is expected to persist only until the winds subside. The
interaction with the sediments below are considered to be equivalent to similar wave
actions during open water periods with the exception that the surface layer of ice
accumulation has a damping effect on the wave action.

Thermal Expansion

During the winter the ice cover expands and contracts in response to changes in air
temperature. Associated with this expansion and contraction are formation and refreezing
of cracks in the ice cover and the net effect usually is to push the ice edges in the
shoreward direction. These pushes can move the top layers of the shoreline materials
away from the lake. Personal observations of these by the writer suggests the disturbance
to the top layers of soil are of limited depth, since the ice tends to “ride up” the shore.
The forces, however, may be substantial and are limited by the strength of the ice.



Ice Ridging

Ice ridging of any significant degree is not expected to occur in Onondaga Lake due to its
size. On the surface such ridges are easily observed because of their size. Descriptions of
the ice cover of Onondaga Lake and other similar and even much larger lakes strongly
suggest moving ice ridges do not occur. Undoubtedly there are smaller ridging features
observed from time to time on Onondaga Lake but these are most likely due to local
buckling resulting from thermal expansion and contraction, and are of limited vertical
extent.

Shoreline Ice Piling

On large lakes such as the Great Lakes large ice pilings occur along the shorelines driven
by winds and currents. On small lakes such as Onondaga Lake there is little literature and
experience that quantifies such ice pilings, although it is well known that they often occur
and cause damage to minor docks and similar relatively fragile shoreline installations.
Documented cases for a lake much larger than Lake Onondaga (Tsang, 1975) were
associated with formation of a wide open water gap along the shoreline followed by a
reversal of strong winds that then drove the solid ice sheet towards the shoreline and
resulted in ice pilings that were about 2 meters high and caused significant shoreline
damage. The observations of interaction with the shoreline are instructive for the
Onondaga Lake concerns. When the ice impacted an embankment or rock protection, it
either flexured upwards and broke, or buckled upwards and failed. When it encountered a
sloping shore it slid up the shore pushing a quantity of sediment ahead of it in a shallow
“bulldozing” mode. Although the depth of excavation by the “bulldozing” was not
measured, the diagram of the “bulldozing” mode suggested a depth of the excavation of
about Y2 or less than the thickness of the ice. It was also noted that extremely high winds
earlier in the winter did not cause piling and led to the conclusion that the ice piling
required a precedent condition of open water along the shoreline. Additionally these ice
pilings had been observed often at the study site.

Lake Otsego, located about 85 miles ESE of Onondaga Lake, is similar to Onondaga
Lake, although it is somewhat deeper. It has a long term record of ice-on and ice-off
(beginning and ending dates of more-or-less complete ice cover) reported by Assel and
Herche (1975). Lake Otsego average ice-on date is 12 January (standard deviation of 15
days) and ice-off is 13 April (standard deviation of 12 days) based on a record longer
than 100 years. In Lake Otsego “shoreline alteration and damage of artificial structures
on the shore (e.g. breakwaters) due to lake ice occurs in two ways: 1. by expansion and
contraction associated with temperature changes through the winter and spring before
breakup and 2. by moving ice during the meteorological events responsible for breakup
of ice cover.” (The State of Otsego Lake, 1936 — 1996, Biological Field Station, SUNY
NY at Oneonta). That report goes on to state: “Most ice damage on Otsego Lake can be
attributed to the former, which heaves rip-rap and breakwaters and often pushes natural
unconsolidated beach materials into large berms parallel with the water. Ice breakup is
usually not accompanied by extensive catastrophic change in the eulittoral environment
because the ice is not often moved by wind until it is structurally weakened by warm



spring weather. Upon coming in contact with the shore or any solid object, ice 12 cm or
more in thickness will typically break up easily into pencil-shaped columnar crystals, If,
however, the ice starts to move before its structural integrity has been weakened,
extensive damage may occur in areas exposed to the prevailing winds.” This report also
noted “...in 1970-71, it (ice thickness) reached a thickness of about 30 cm, the thickest
recorded.”

Ice freezing to the bottom

Ice freezing to the bottom is expected in shallow water at the shoreline of Onondaga
Lake. In such cases it is expected that the normal thickening of the ice will encounter the
bed and freezing will continue. It is possible that with the rise of the ice cover associated
with inflow to the lake from spring snowmelt, and this usually occurs prior to complete
melting of lake ice covers, this ice could be raised and transported a short distance during
the ice decay period. The maximum thickness of the ice-and-sediment layer can easily be
estimated using straightforward algorithms using daily air temperatures through the
winter. Where the water depth is less than the maximum ice thickness, the combined ice-
sediment frozen thickness will be somewhat greater than the maximum ice thickness
since there is less water to freeze in the sediment portion. This mode of sediment
interaction is limited to those areas with depths of water less than the maximum ice
thickness experienced and corresponds to water depths less than about 18 inches.

CONCLUSIONS

There are a number of mechanisms that could disturb the bottom sediments of Onondaga
Lake as a result of ice action. They are: thermal expansion that would push the lake ice
shoreward, shoreline ice piling as a result of wind action, and ice freezing to the bottom
in very shallow areas. In the first two cases, the result would be shallow disturbance to
the top layers of sediment in the very near shore areas and the adjacent land. In the third
case, and limited to shallow areas with depths less than the maximum thickness of the
ice, it is possible for the freezing process to entrain a top layer of sediment and, if the ice
is then moved, to deposit it where it melts. Processes associated with ice ridging, and
with frazil and anchor ice are not expected to occur in Onondaga Lake.

Armor is being considered as a design component for a cap on the sediments. In terms of
ice action, the shallow freezing entrainment mode is limited to depths less than the
maximum expected ice thickness of about 18 inches.

It is also noted that the occurrence of ice piling requires some meltout prior to ice piling,
so selection of 18 inches for the ice thickness is conservative. To resist ice piling action
with no displacement of riprap material, one detailed model study (Sodhi, 1996)
suggested the maximum rock size (D100) should be twice the ice thickness for shallow
slopes (1V:3H). This would correspond to 32 inches and be considerably larger than the
size presently proposed for the armoring layer. Matheson (1988) suggested, from a
survey of riprap performance on Canadian hydropower reservoirs, that damage occurs to
riprap with D50 less than 0.4 m (16 inches) and this corresponds to experience with ice



thicknesses quite a bit greater than that experienced on Onondaga Lake. This writer
believes that riprap of a size greater than 16 inches is an extreme measure and that, since
the occurrences of ice piling are considered infrequent and limited to only portions of the
shoreline at any event occurrence, it would be preferable to replace those limited portions
of the riprap protection after annual inspection. An alternative is to provide a sacrificial
layer of smaller riprap that would be replenished as needed.
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2.00 100 Dso =0.0094 mm D15=0.0020 mm
il o Dso=0.0076 mm D10=0.0010 mm
0.42 100
0.25 100 Cu =N/A Ce =N/A
015 58 Classificati
0.074 98 ASTM elastic silt {(MH)
[ PRTIGIE S - FEraenbRIner | TEpECParcent 1] Comiphes -
— oosee | 95 ‘ y =
o .0195 T AASHTO Clayey Soils (A-7-5 (25))
-— 90,0117 70
— 0,0085 55
= 0.0062 r i) mple/Test Description
— S TE 5 Sand/Gravel Particle Shape : ANGULAR
= GATiEE] 18 Sand/Gravel Hardness : HARD
- 0,0014 12
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Client: Parsons Engineering Science
ol Projeck: Onondaga
GeOTeStlng Locatlon;: Syracuse Project No: GTX-7143
express Boring ID: OL-VC-40019 Sample Type: jar Tested By: mil
@ subskdiary of Geocomp Corporatton Sample ID:0L-0288-08 Test Date: 02/09/07 Checked By: jdt
Depth: 9.,9-13.2 ft Test Id: 106007
Test Comment: -
Sample Pescription:  Wet, dark gray silt
Sample Comment: ~r-

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
X &
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. [ ] F i ] . .
L : i 1 o b : :
. F 1 E . N
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. 1 1 < . .
- . ! ! ot . .
. 1 1 ] N .
0 ottt} s -
1000 100 10 1 0.1 0.0t 0.001
Grain Size (mm}
! % Cobbls % Gravel % Sand %3St & Clay Size
- 0.0 1.0 99.0
TEieve R Coefficients
i i Dgs5=0.0180 mm D30=0.0095 mm
T a7 0
F10 2.00 100 Dep=0.0123 mm D15=0.0052 mm
#20 0.54 ioe Dso=0.0115 mim D10=0.0034 mm
0 0.42 o0
#60 .25 L] Cu =N/A Ce =N/A
Fioe 0.15 [ ification
#200 0.074 55 STM elastic silt (MH)
T | PATIRIE Size {mimy | Percent FIner - | TREE PergaRt - | - Comphes. -
(017 I R I
= 0.0142 Bl AASHTC Clayey Soils (A-7-5 {23))
—— 0.0111 44
= 0.0008 =
— 50057 3 Sample /Test Description
— 5075 = Sand/Gravel Particle Shape : ANGULAR
= 5.0033 0 Sand/Gravel Hardness : HARD
—_ 0.0015 6
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Client: Parsons Englineering Science

1 Project: Onondaga
Geo—l—estl“g Location: Syracuse Project No: GTX-7143
express Boring ID: OL-VC-40019 Sample Type: jar Tested By: il
a subsidiary of Geocomp Gorporetion | Sample ID:0L-0288-09 Test Date: 02/09/07 Checked By: jdt
Depth: 16,5-19.8 ft Test Id: 106008

Molst, gray silt

Test Comment:
Sample Description:
Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

Gtaln Size (mm)

(=]
<+ I
100 _ Fnds
= M I 1
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] 1
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. . ] ¥ N
11} R I S I S PP M "PUPIEN PR .
: : ! ' :
1 . . 1 1 .
: ; ) 1 .
0 - ftetrtratnil I +
1000 100 10 1 04 0.01

0.001

% Cobble % Gravel % Sand % Sift & Clay Size
- 00 06 894
Coefficients
Dp5=0.0170 mrm D30=0.0098 mm
200 100 Deo =0.0136 mm D15=0.0046 mm
0.84 100 Dso=0.0125 mm D10=0.0026 mm
D.42 100
¥ .25 00 Cu =N/A Cc =N/A
#1003 D15 100 %ﬁm
F200 0.073 98 ASTM N/A
T (Particie Bize (miny |- PafceRETIRer T TBpeg Pargent |77
= 0.0242 T e
— 0.0166 B4 AA§I;|TO S"ty SO‘[S (A"4 (0))
- 00117 43
-— 0.0090 23
p— A 5 Sample/Test Description
— 009G 5 Sand/Gravel Particle Shape : ANGULAR
= 00033 7] Sand/Gravel Hardness : HARD
- 0.0014 [
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Giedlesting
By pBress

& subsidiary of Szosemp Corparstion
i T

Client: Parsons Engineering Science

Project: Onondaga

Location: Syracuse Project No: GTX-7143
Boring ID: OL-VC-40021 Sample Type: jar Tested By: mill

Sample ID:0OL-0286-02 Test Date: 02/07/07 Checked By: jdt

Depth : 0.5-3.3ft Test 1d: 105897

Test Comment: ---

Sample Description:
Sample Comment: ——

Wet, very dark gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

. pricted 2/13/2007 7:13:27 AM

o & ] [
: § § 3§85 §
100 .
4 1 b 13 i 1 ]
1 E t 1 1 3
go-- E [ 3 1 1 13
3 T L 1 1 1
o i 1 1 1 1 1
1 1 1 1 H 1
80-- 1 r 3 I 1 L
- ] i 1 3 3 1
B 1) I ] i I 1
1 t t 1 ] [}
701 ) 1 t I 1 1
1 t I 1 1 1
T b3 I I I 1 I
g 60l A
o H 1 1 1 1 1
|8 B 1 1 1 1 1 1
E 5ot " v oo
E i 1 ] 1 L 1 i
£ 1 : E T
407 t t 1 1 1 i
o 3 I E T 1 4
i ] E ] i [
a0t ' 1 P
L 1] 1 1 1 T 1
I I 1 1 3 |
201 ; h TR
S 1 1 1 1 ] t
I 1 t 1 T 1
10 A
" )3 1 1 1 1 i
1 t 1 1 1) 1
OTrrrt——t = T —t A L o — I B S N -1
1001 100 10 1 0.1 0.01 0.001
Grain Size {mm)
% Cobble % Gravel %Sand % Sitt & Clay Sizs
- 00 1.7 983
Spec. Percent] ™ Complies™ Coefficients
BRI R ' : Dss =0.0210 mm D3g =0.0058 mm
Dso=0.0114 mm D15 =0.0032 mm
D50 =0.0093 mm D1g =0.0020 mm
Cu =N/A Cc =N/A
Classification
#200 6574 CT ASTM elastic silt (MH}
[ article Ster(mm) [ Percent Finer. . | Spet. Parcent,
— BT 5 ‘
e 0.0185 51 AASHTO Clayey Soils (A-7-5 (Z29))
— 00114 0]
— 0.0084 45
= D00Es P Sample/Test Description
— So0%E = Sand/Gravel Particle Shape : ANGULAR
= 0.0032 13 Sand/Gravel Hardness : HARD
—n [ [

i
4



Cliéht: Parsons Engineering Sclence

Geo'resting Project:  Onondaga rr143

Lotatlon: Syracuse Project No:
express Boring ID: OL-0302-07 Sample Type: jar Tested By: il
a subsidiary of Geocomp Coporation | Sgrviple ID:OL-VC-40021. Test Date:  06/08/07 Checked By: jdt
‘ Depth :  3.3-6.6 ft Test Id; 111438
Test Comment: -

Samiple Description:  Wet, mottled yellowish brown and very dark gray clay
Seriiple Comment: -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
=) o o o 8 8
vy B 8 §F 85 8
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N [ 1 My} 1 1 I 1 -
¥ 1 | 1 1 ] P | .
9""' " ¥ 1 } ‘..'....'. P :IIII R + S N
1000 100 10 1 a1 0.01 0.001
Grain Size (mm)
%Cobble % Gravel % Sand % Silt & Clay Slza
— 0.0 1.2 98.8
[Bleve Name ] 5leve Size,. | Coefficients
- ol Dg5 =0.0138 mm D3p =0.0027 mm
4.75 700
2.00 100 Dsp =0.0074 mm D15 =N/A
08¢ 100 Dsp =0.0056 mm Dio =N/A
042 100
T —355 Cu =N/A Ce =N/A
0,15 L Classification
#200 0.075 35 ASTM fat clay (CH)
e~ |Partcle Size (mm) | - Percenk Finer .- [ Spee. Fercent - Complias =
= o0 | 98 ' —
— ©.0226 a3 AASHTOC Clayey Soils (A—7-6 (31))
— 0.0130 84
- 0.0095 74
) = Sample/Test Description
— D = Sand/Gravel Particle Shape : ROUNDED
- 0.0037 37 Sand/Gravel Hardness : HARD
- 0.0019 23
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Client:

Parsons Engineering Science

= A s i D Project:  Onondaga
%@%@‘E ﬁs'@ﬂ%g Location: Syracuse Project No: GTX-7143
gxpress Boring ID: OL-VC-40021 Sample Type: jar Tested By:  mil
a subsidiary af Geocemp Curporation Sample ID:0OL-0286-03 Test Date: 02/08/07 Checked By: jdt
Depth ; 13.2-16.5ft 105898

Test Id: _

Test Comment:
Sample Description;
Sample Comment:

Moist, dark olive gray silt with sand

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o ] g (=) 8 8
i § § § 8% §
100 C . .
i [} 1 19 1 I 1
1 [} 1 1 ) 1 ) 1
80y T C 1\
L 1 i I | 1 t i
1 ] 1 1 T ]
80T [ 3 t 1 1 1 1
) I ] I ! 13 1 i
B I 1 1 I 3 1 t
I 1 I ] 13 1 ]
70T 1 1 t 1 I 1 T
1 1 I 1 1 1 I
™ 1 1 I 1 1 1 1
1 I 1 1 1 ] [
? 60T 1 1 1 i 1 ' i
i= i 1 1 1 1 1 1
i 3 1 1 H 1 1 1 ]
E sof : X R T
3] | 1 1 1 1 [ '
e ! 1 ! 1 1 ] Sk
4071 R oo
4 1 i 1 1 1 [ 1
] H i E i I 1
30t TR A
N 1 H | i 1 i I
I [ [ i 1 I ¥
201 A
1 1 1 1 1 1 ] 1
1 1 1 ] i ] ¥
1ot A
[ ] 1 1 1 1 I 1
1 1 1 ] 1 1 1
0+ e et flg—emen] LI e e e S -t
1000 100 10 1 0.1 0.0 0.001
Grain Size (mm)
% Cabhle % Gravel % Sand % 3t & Clay Size
— 0o 16.5 83.5
‘Sleve Name T Sleve £ Coefficients
' - - Dss =0.0808 mm D30 =0.0062 mm
#10 Dso =0.0213 mm D15 =0.0014 mm
2 o.84 # Dsp =0.0133 mm D10 =0.0008 mm
#40 D.42 EE]
#60 0.5 o5 Cu =N/A Cc =N/A
#1600 015 . o5 Classification
#2700 X7 S B4 ASTM elastic silt with sand (MH)
= 4 Particle Shra {mm}]- Percent Finer | Specy Percent | "Complies
bl 0.0285 [
- 0.0185 56 A_A;&'LQ Clayey Solls (A-7-5 (29))
—— 0.0113 47
- 0008 37 = —
= 00ET 5 ample/Test Description
— 5T 5= Sand/Grave! Particle Shape : ANGULAR
= B.0051 = Sand/Gravel Hardness : HARD
-_ 00,0014 15
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Geolesting

Client: Parsons Engineering Science

express

a subsidiary of Geacomp Carporation

Project: Onondaga

Lacation: Syracuse Project No: GTX-7143
Boring ID: OL-VC-40022 Sample Type; jar Tested By: mil

Sample ID:0OL-0288-08 Test Date: 02/09/07 Checked By: jdt

Depth: 0.5-3.3 ft Test Id: 106004

Test Comment: --n

Sample Description:  Moist, dark gray sikt

Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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0 + + 1 L b et 1 L by ft+2
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cohble % Gravel % Sand %Sl &Clay Size
- 0.0 16 984

Coefficients
D30 =0.0044 mm

D15=0.0019 mm
D10=0.0012 mm

Dgs=0.0187 mm
Dgo =0.0094 mm
Dsp=0.0076 mm

Cu =N/A Ce =N/A
Classification
ASTM elastic silt (MH)

AASHTO Clayey Soils {A-7-5 (28))

F] 4.75 ~ im0
#10 2.00 100
#20 0.84 100
#40 ¢.42 . 108
BEEEE 0% - 100
Fi00 © - 0.15 160
#200 0.074 98
! .-PetcentEngr-" .- Bpet, Pefeent -
SRR st
0.0189 BS
E 0.0114 9
E 0.0084 3
— 0.0061 40
— 0.0044 30
b 0.0032 20
- 0.0014 12

printed 2/14/2007 8:57:26 AN

Sample /Test Description
Sand/Gravel Particle Shape : ANGULAR
Sand/Gravel Hardness : HARD




Geolesting

express

a subsidiary of Geotomp Corporatfon

Client: Parsons Engineering Science

Project: Onondaga

Location: Syracuse Project No: GTX-7143
Boring ID: OL-VC-40022 Sample Type: jar Tested By: mil}

Sample ID;0L-0288-06 Test Date: 02/08/07 Checked By: jdt

Depth :

13,2-16.5 ft

Test Id: 106005

Test Comment:
Sample Description:
Sample Comment:

Wet, dark brown silt

———

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

100 " : .
90 ; : :
80" : :
701 f j ;
g o : § :
i ] : : :
E 50 ; : :
o : : :
& 1 : : ;
[N . . N
401 : : : :
30 § § ; :
20 : : - :
10 : : : :
pyhen et b ; e et
100 100 10 1 0.1 0.01 0.001
Girain Size (mm)
% Cobble % Grave! % Sand % Silk & Clay Size
- 0.0 12.1 87.9
Coefficients
AT Dgs=0.0600 mm D20=0.0051 mm
4.75 100
2.00 (T3 Dso=0.0214 mm D15=0.0015 mm
0.84 98 D5o=0.0137 mm - D10=0.0008 mm
0,42 97
i - Cu =N/A Ce =N/A
.15 a6 iFE
G073 B8 ASTM elagtic sitt (MH)
| PAGle Sige my | T Parcent Finer - 1< Bper. Pareent <7 - Gomplies. -
= 0.0308 55 .
— 0,6203 58 AASHTO Clayey Soils (A-7-5 (46))
— 0.0119 47
= 0.0086 3 =
= 00062 53 Sample/Test Description
— oo = Sand/Gravel Particle Shape : ANGULAR
p=— 0.0032 p3] Sand/Gravel Hardness : HARD
0.0014 14
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Client: Parsons Engineering Science

& EING | on:  syrscues. ectio o
: yracuse Project No: GTX-7143

& X p ? % g8 Boring ID: OL-VC-40023 Sample Type: jar Tested By: mil
2 aubsidiary of Saocomg Corporatien Sample ID:0L-0285-18 Test Date: 02/05/07 Checked By: jdt

Depth: 3.3-6.61ft Test Id: 105848

Test Comment: ——

Sample Description: Wet, very dark gray silt

Sample Comment: ———

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
100
0T
80T-
707
5 607
=
& L
£ gl
|
gl
307
207
107
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel: % Sand % Silt & Clay Size
- 0.0 0.4 99.6
Sleye Iggngg staveSIza, ‘Pgljpgpt Finer CoeRicients
S Lt i il Dgs =0.0167 mm D30 =0.0097 mm
F r% 60
10 %.00 100 Dso =0.0131 mm D15 =0.0065 mm
#20 0.84 100 Dso =0.0119 mm Dig =0.0037 mm
Fia (Y3 00
760 0.5 100 Cu =N/A Cc_=N/A
#100 0.15 160 | tion
#200 0074 ASTM elastic silt (MH)
Ty | Particle Size tmm - 3
— 0.0244
— 0.0165 T AASHTO Clayey Soils (A-7-5 (39))
= T0116 )
= 0.5050 % =
- s yE S ) Description
— o = Sand/Gravel Particle Shape : ANGULAR
— 0.003% g Sand/Gravel Hardness : HARD
= 6.0008 %
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Geolasting

Client:

Parsons Engineering Science

BXBTESS

a sunsidiary of Bensomp Curnnration

Project: Onondaga

Location: Syracuse Project No: GTX-7143
Boring ID: OL-VC-40023 Sample Type: jar Tested By: mil

Sample ID:0L-0285-19 Test Date: 02/07/07 Checked By: jdt

Depth: 13.2-16.51t

Test Id: 105849

Test Comment:
Sample Description:
Sample Comment:

Moist, dark brown silt

Particle Size Analysis ~- ASTM D 422-63 (reapproved 2002)

#10
#20
#40
#60
#100
- - = 1#200

<«
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3 : 1 ! H ] I
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T t 1 1 ] 1 [
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r | I ] 1 I r ]
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T 1 13 1 1 i 1
r 1 1 ] H 1 L 1
5 60} : " S T
2 ' 1 " 1 1 1
i u I H ] i 1 1 1
E sot ¥ ' A
g | I 1 I 1 1 L i
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407 ! v i 1 i i
3 1 1 1 ' ' 1 L
1 ) ] I 1 1 1
3o A
L 1 ) ] 1 1 i 1
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20 Loor e e
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101 A
- 1 t 1 1 I ] t
) t 1 ] ! [} ]
0t e S et ' PR PRI TS SN M
1000 100 10 1 01 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand %Silt & Clay Size
- 0.0 9.2 90.8
. Sleve Size, | Percent Finer . Complles. - ' - Coefficients
= 5 Dgs =0.0593 mm D30 =0.0052 mm
Z00 57 Dso =0.0233 imim Dis =N/A
.54 il Dsp =0.0132 mm. Dig =N/A
D42 96
.35 5 Cu =N/A Cc =N/A
0.15 [ Classification
0.074 a1 ASTM elastic silt (MH)
: | Particle Slze fmm |- Percent Finer 1 4| Spec Percent |- - Complles,
— 0.0522 %5 :
g 0.0205 57 AASHTO Clayey Soils (A-7-5 (57))
— 00122 49
= 0.0087 [T 7T S ——
pn ; Sample/Test Descrjption
— E::j: 2: Sand/Gravel Particle Shape : ANGULA
= 0032 20 Sand/Gravel Hardness : HARD
—_ 0.0p13 15

printad 2/13/2007 7:06:04 AM
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Sample information for the feasibility study

Upper Lower

Sample Depth Depth Core Data
Number StationID  Date Sample ID Field Rep {m) (m) Length Package ID
SB0019 S344  07/27/00 SBO019 1 0.3 1 2M K2005759
SB0020 S344  07/27/00 SB0020 1 2 2M K2005759
SB0029 5338 08/03/00 SB0029 0.3 1.3 2M K2005951
SB0030 S§338 08/03/00 SBO030 1.3 2 M K2005951
SB0031 5339 08/03/00 SB0O31 0.3 1 2M K2005951
SB0032 S339 08/03/60 SB0032 1 1.68 2M K2005951
SB0033 S340 08/03/00 SB0033 0.3 1 2M K2005951
SB0034 5340 08/03/00 SB0034 1 2 2M K2005951
SB0037 8342  07/27/00 SB0037 0.3 1 2M K2005759
SB0038 S342  (07/27/00 SB0038 i 2 2M K2005759
SB0039 5343  08/04/00 SBO039 1 0.3 1 2M K2005960
SB0040 5343  08/04/00 SB0040 1 2 2M K2005960
SB0045 S346  08/04/00 SB0045 0.3 1.6 2M K2005960
SBO046 5346  08/04/00 SB0045 1.6 2 2M K2005960
SB0047 S347  08/04/00 SB0O047 0.3 1 2M K2005560
5B0048 5347 08/04/00 SBO048 1 2 2M K2005960
SB0049 5348 08/05/00 SB0049 0.3 1.1 2M K2006045
SB0050 5348  08/05/00 SBO050 1.1 2 2M K2006045
SB0053 S350 08/05/00 SB0053 0.3 0.92 2M K2006045
SB0054 S350 08/05/00 SB0054 1 0.92 2 2M K2006045
SB0055 S351  08/05/00 SB0055 0.3 1 2M K2006045
SB0056 5351  08/05/00 SB0056 1 2 2M K2006045
SB0057 5352 08/10/00 SB0057 0.3 1 2M K2006154
SB0058 $352  08/10/00 SB0058 1 2 2M K2006154
SB0063 S341  08/04/00 SB0063 0.3 0.85 2M K2005860
SB0064 S341  08/04/00 SBO064 0.85 1.6 2M K2005960
SB0067 S350 08/05/00 SB0054 2 0.92 2 2M K2006045
SB0070 8344  07/27/00 SBO019 2 0.3 1 2M K2005759
SFo049 S302 08/14/00 SF0049 0.15 0.3 8M K2006427
SF0062 S308 08/14/00 SFO062 0 0.15 8M K2006427
SF0063 $309 08/14/00 SF0063 0.15 0.3 8M K2006427
SF0064 S310  08/14/00 SF0064 0 0.15 8M K20068427
SF0065 S310  08/14/00 SFO0065 0.15 03 aMm K2006427
‘SF0068 S312  08/14/00 SF0068 0 0.15 8M K2006427
SF0069 5312 08/14/00 SFO00B9 0.15 0.3 8M K2006427
SF0072 5314  08/10/00 SF0072 0 0.15 8M K2006154
SF0073 S314  08/10/00 SF0073 0.15 0.3 &M K2006154
SFo075 S315  08/14/00 SF0075 0.15 0.3 8mM K2006427
SFo112 S344  07/27/00 SFO112 0.15 0.3 2M K2005759
SFO119 5341  08/04/00 SF0119 1.6 2 2M K2005960
SFO121 S338 08/03/00 SFO121 0 0.15 2M K2005951
SFO123_E  S339 08/03/00 SF0123 E 1.68 2 2M K2005951
SF0123 S340 08/15/00 SF0123 1 0 0.02 M K2006339
SFO123_R  S340 08/15/00 SF0123 2 0 0.02 M K2006412
SF124 5338 08/03/00 SFD124 0 0.15 2M K2005951
SF0125 S339  08/03/00 SF0125 0.15 0.3 2M K2005951
SFo126 5340 08/03/00 SF0126 0 0.15 2M K2005951
SFQ127 S340 08/03/00 SF0127 0.15 0.3 2M K2005951

8600BCP.004 340 NAppendix EAppE-HydrometarSampinfo.xls



Sample information for the feasibility study (cont.)

Upper Lower

Sample Depth Depth Core Data
Number StationID Date Sampie D Figid Rep  (m) (m) Length PackageID
SF0128 S341  08/04/00 SF0128 0 0.15 2M K2005960
SF0129 S341  08/04/00 SF0129 0.15 0.3 2M K2005960
SFO130_T S342 08/10/00 SFO130_T 0 0.15 2M K2006154
SF0131 8342 07/27/00 SF0131 0.15 0.3 2M K2005759
SF0132 5343 08/04/00 SF0132 0 0.15 2M K2005960
SF0133 S343 08/04/00 SF0133 0.15 0.3 2M K2005960
SF0138 S346  08/04/00 SF0138 0 0.15 2M K2005860
SF0139 S346  08/04/00 SF0139 0.15 0.3 M K2005960
SF0140 5347 08/04/00 SF0140 ' 0 0.15 2M K2005860
SF0141 §347 08/04/00 SFO0141 0.15 0.3 2M K2005860
SFQ142 §348 08/05/00 SF0142 0 0.15 2M K2006045
SF0143 8348 08/05/00 SF0143 0.15 0.3 2M K2006045
SF0146 S350 0B/05/0G SF0146 0 0.15 2M K2006045
SF0147 5350 08/05/00 SF0147 0.15 0.3 2M K2006045
SF0149 S351  08/05/00 SF0149 0 0.15 2M K2006045
SF0151 S352 08/10/00 SFO151 0 0.15 2M K2006154 .
SFO152 5352  08M10/00 SF0152 0.15 0.3 2M K2006154
SFO167 S343 08/04/00 SB0039 2 0.3 1 2M K2005960
. SFQ173 S351 - 08/115/00 SF0173 0 0.02 2M K2006339
VC0009 8302 07/22/00 VCO0009 0.3 0.59 aM K2005515
vCoo10 §302 07/22/00 VCO0010 0.59 1.59 8M K2005515
vC0011 $302 07/22/00 VC0O011 1.59 259 8M K2005515
vCoo12 S302 07/22/00 VC0012 259 359 8M K2005515
VC0013 S302 07/22/00 VC0013 3.59 459 8M K2005515
vCo014 8302 07/22/00 VL0014 4.59 5.59 8M K2005515
VC0015 S302 07/22/00 VCO0015 5.59 6.59 8M K2005515
VC0016 S302 07/22/00 VCO016 6.59 7.61 M K2005515
V0065 5309 07/20/00 VC0085 0.74 1.74 8M K2005510
VC0066 S309 07/20/00 VC0066 1 1.74 2.74 8M K2005510
VC0067 S308  07/20/00 VC0067 2.74 3.74 8M K2005510
VC0068 5309 07/20/00 VCO0068 374 4.74 8M K2005510
VC0069 S309  07/20/00 VCO0069 4.74 5.78 8M K2005510
VC0070 8309 07/20/00 VCO0070 5.78 6.27 8M K2005510
VC0071 §308 07/20/00 VC0OT 6.27 6.74 8M K2005510
V{0072 S309 07/20/00 VC0072 6.74 6.96 8M K2005510
VC0073 S310 07/20/00 VC0073 0.3 i 8M K20G65510

8M K2005510
8M K2005510

VC0074 $310 - 07/20/00 VC0074 2
3
4 8M K2005510
5
6

VCo0Q75 S310  07/20/00 VCO0075

VC0076 5310  07/20/00 VCO0076 1

vVCoa77 §310 07/20/00 VCO0077

vCo0078 8310 07/20/00 VCO0078

VC0079 $310  07/20/00 VC0079

VC0080 S310  07/20/00 VCO0080 6.
vC0081 §311  07/20/00 VCO0081
vCoos2 S§311  07/20/00 VC0082
VC0083 §311  07/20/00 VC0083
VC0084 8311 07/20/00 VC0084
VC0085 S311_ 07/20/00  VC0085

aM K2005510
8M K2005510
. M K2005510
7.24 8M K2005510
1 aM K2005510
2 8M K2005510
3 8M K2005510
4

5

bl 51]
LN 2 WWOo WU AWK -
(2]
4]
w

[

8M K2005510
8M K2005510
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COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report
Client: Exponent Environmental Group, Inc. Service Request: K2006427
Project: OL RI/FS Phase 2A / 8600BCP.003.0801 Date Collected: 8/14/60
Sample Matrix: Sediment Date Received: 8/15/00

Date Analyzed: 8/28/00

Particle Size Determination

ASTM Method D 422
Sample Name: SF0049
Lab Code: K2006427-001
Gravel and Sand
(Sieve Analysis)
"Description Sieve Size Percent |
Weight (g) Passing
liGravel No.3/4"(19.0 mm)|  0.0000 100
[Gravel No.3/8"(9.50 mm)|  0.0000 100 |
{Medium Gravel No.4 (4.75 mm)|  0.0000 100 |
|[Fine Gravel No.10 (2.00 mm)]  0.0000 00 |
HVery Coarse Sand No.20 (0.850 mm)| 0.0134 100 “
{Coarse Sand No.40 (0.425 mm)|  0.0375 99.9
[Medium Sand Ne.60 (0.250 mm)| 0.0421 99.8 |l
[[Fine Sand No.140 (0.106 mm)] 0.3127 992 i
{[Very Fine Sand No.200 (0.0756 mm)|  0.7894 976 |
Silt and Clay
(Hydrometer Analysis)
i Particle Diameter Percent Passing
" 0.074 mm 97.5
0.605 mm 27.2 I

I 0.001 mm 75 i

Approved By: Date:
1A/102094

0642 Twet pw 1/4/8/01
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Sample Name: SF0049
Lab Code: K2006427.001
X Y
arithmefic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter mm {0 nm Log form
Sieve (%) (mm) (nm) (log)
3/4" 100.0 19.0 19000000 7.279
3/8" 100.0 9.5 9500000 6.978
4 160.0 4.75 4750000 6.677
10 100.0 2.00 2000000 6.301
20 100.0 0.850 850000 5.929
40 99.9 0.425 4250600 5.628
60 99.8 0.250 250000 5.398
140 99.2 0.106 106000 5.025
200 97.6 0.0750 75000 4.875
2 84.7 0.0298 29817.64788 4.474
5 74.7 0.0197 19668.92627 4.294
15 56.8 0.0122 12152.91898 4.085
30 46.8 0.0089 8891.101637 3.949
60 329 0.0066 6570.336525 3.818
250 189 0.0034 3351.87589 3.525
1440 11.0 0.0014 1445.048639 3.160
determined hydrometer
mm mm to nimn log hyd x % Passing
0.074 74000 4.87 97.5
0.005 5000 3.70 27.2
0.001 1000 3.00 7.5

0642Twet pw 1/4/4/01
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COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report
Client: Exponent Environmental Group, Inc. Service Request: K2005515
Project: OL RI/FS Phase 2A / 83600BCP.003.0801 Date Collected: 7/22/00
Sample Matrix: Soil Date Received: 7/23/00

Date Analyzed: 8/1/00

Particle Size Determination
ASTM Method D 422

Sample Name: VC0009
Lab Code: K2005515-001

Gravel and Sand

(Sieve Analysis)
[Description Sieve Size 1 Percent
Weight (2) | _Passing
IGravel Ne.3/4"(19.0 mm)|  0.0000 100
[iGravet No.3/8"(9.50 mm){  0.0000 100
[Medivm Gravel No.4 (4.75 mm)|  0.0000 100
|[Fine Gravei Ne.10 (2.00 mm)|  0.0000 100
{[Very Coarse Sand No.20 (0.850 am)|  0.0216 100
[iCoarse Sand No.40 (0.425 mm)]  0.0311 99.9
{Medium Sand No.60 (0.250 mm)]  0.1538 99.6
[Fine Sand No.140 (0.106 mm)|  2.0186 95.4
|]Very Fine Sand No.200 (0.0750 mm)| 0.4355 94.5
Silt and Clay
(Hydrometer Analysis)
" Particle Diameter Percent Passing
0.074 mm 94.4 tt
" 0.005 mm 315
0.001 mm 0.9 1]
8, Approved By: Date:

1A/102094

0551 3weLinrl/4/4/01 Page No.:



Sample Name: VC0009
Lab Code: K2005515-001
X Y
arithmetic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter mm to nm Log form
Sieve (%) (mm) (nm) (log)
3/4" 100.0 19.0 19000000 7.279
3/8" 100.0 9.5 9500000 6.978
4 100.0 4.75 4750000 6.677
10 100.0 2.00 2000000 6.301
20 100.0 0.850 850000 5.929
40 99.9 0.425 425000 5.628
60 99.6 0.250 250000 5.398
140 95.4 0.106 106000 5.025
200 94.5 0.0750 75000 4.875
2 84.1 0.0299 29879.29106 4.475
5 79.9 0.0192 19215.27494 4.284
15 69.5 0.0115 11540.10016 4.062
30 57.1 0.0085 8523.259038 3.931
60 405 0.0064 6353.132941 3.803
250 15.6 0.0033 3260.324769 3.513
1440 52 0.0014 1411.435279 3.150
determined hydrometer
mm mm to nm log hyd x % Passing
0.074 74000 4.87 94.4
0.005 5000 3.70 315
0.001 1000 3.00 0.9

055 15wetans 11474401
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COLUMEBIA ANALYTICAL SERVICES, IN C

Analytical Report

Client: Exponent Environmental Group, Inc. Service Request: K2005515
Project: OL RI/FS Phase 2A / 8600BCP.003.0801 Date Collected: 7/22/00
Sample Matrix: Soil Date Received: 7/23/00

Date Analyzed: 8/1/00
Particle Size Determination
ASTM Method D 422
Sample Name: VC0010
Lab Code: K2005515-002
Gravel and Sand
(Sieve Analysis)
escription Sieve Size Percent
Weight (g) Passing |

[[Gravel No.3/4"(19.0 mm)] _ 0.0000 100

Gravel No.3/8"(9.50 mm){ 0.0000 100
IMedium Gravel No.4 (4.75 mm)| 0.0000 100
{IFine Gravel No.10 (2.00 mm)|  0.0000 100
[[Very Coarse Sand No.20 (0-850 mm)|  0.0790 99.8
[[Coarse Sand No.40 (0.425 mm)| 0.0175 99.8
|Medium Sand No.60 (0.250 mm)] 0.0143 99.8
{IFine Sand No.146 (0.106 mm)| 0.1276 99.5
[[Very Fine Sand No.200 (0.0750 mm)] 0.0924 99.3

Silt and Clay
{(Hydrometer Analysis)
Particle Diameter Percent Passing
0.074 mm 99.3
] 0.005 mm 423
0.001 mm 5.7 |
Approved By: Date:
LA/102094

0551 Swet i 2/4/4/01
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Sample Name: VC0010
Lab Code: K2005515-002
X Y
arithmetic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter mm to nimn Log form
Sieve (%) (mm) (um) Qog)
3/4" 100.0 19.0 19000600 7.279
3/8" 100.6 9.5 9500000 6.978
4 100.0 4.75 4750000 6.677
10 1000 2.00 2000000 6.301
20 99.8 0.850 8500600 5.929
40 99.8 0.425 425000 5.628
60 99.8 0.250 250000 3.398
140 99.5 0.106 106000 5.025
200 99.3 0.0750 75000 4.875
2 95.7 0.0277 27714.38682 4.443
5 93.7 0.0177 17696.05135 4.248
15 79.6 0.0109 10871.33239 4.036
30 65.5 0.0081 8123679121 3.910
60 49.4 0.0061 6077.881238 3.784
250 252 .0031 3132.614125 3496
1440 11.1 0.0014 1372.851548 3.138
determined hydrometer
mm mm to nm log hyd x % Passing
0.074 74000 4.87 99.3
0.005 5000 3.70 42.3
0.001 1600 3.00 5.7
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COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report

Client: Exponent Environmental Group, Inc. Service Request: K2005515

Project: OL RI/FS Phase 2A / 83600BCP.003.0801 Date Collected: 7/22/00

Sample Matrix: Soil Date Received: 7/23/00

Date Analyzed: 8/1/00
Particle Size Determination
ASTM Method D 422
Sample Name: VC0011
Lab Code: X2005515-003
Gravel and Sand
(Sieve Analysis)
"Description Sieve Size Percent
Weight (g) Passing

|IGravel No.3/4"(19.0 mm)|  0.0000 100
liGravel No.3/8"(9.50 mm)|  0.0000 100 |t
iMedium Gravel No.4 (4.75 mm)]  0.0000 100
{Fine Gravel No.10 (2.00 mm)|  0.0000 100

Very Coarse Sand No.20 (0.850 mm)} 0.1104 99 8
iCoarse Sand No.40 {(0.425 mm)| 0.0261 99.7
{Medium Sand No.60 (0.250 mm)]  0.0240 99.7
{Fine Sand No.140 (0.106 mm)| 0.3896 98.9
[[Very Fine Sand No.200 (0.0750 mm)]  0.1652 98.6

Silt and Clay
(Hydrometer Analysis)
Particle Diameter Percent Passing -
0.074 mm 98.5
I 0.005 mm 344
IL_ 0.001 mm 9.6 1
Approved By: Date:
1A/1020%4
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Sample Name: VCo0011
Lab Code: K2005515-003
X Y
arithmetic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter min to nim Log form
Sieve (%) (mm) {nm) (log)
3/4" 100.0 © 190 19000000 7.279
3/8" 100.0 9.5 9500000 0.978
4 100.0 4.75 4750000 6.677
10 100.0 2.00 2000000 €.301
20 99.8 0.850 850000 5.929
40 99.7 0425 425000 5.628
60 99.7 0.250 250000 5.398
140 98.9 0.106 106000 5.025
200 98.6 0.0750 75000 4.875
2 96.0 0.0275 27547.13969 4.440
5 87.9 0.0181 . 18080.77989 4.257
15 71.8 0.0112 11160.46415 4.048
30 57.6 0.0083 8312.410396 3.920
60 43.5 0.0062 6160.939584 3.790
250 15.2 0.0032 3201.991671 3.505
1440 11.1 0.0014 1364.565565 3.135
determined hydrometer
mm mm to nin log hyd x % Passing
0.074 74000 4.87 98.5
0.005 5000 3.70 344
0.001 1000 3.00 9.6
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COLUMBIA ANALYTICAL SERVICES, INC.

l Client:
Praject:
Sample Matrix: Soil

Exponent Environmental Group, Inc.
OL RI/FS Phase 2A / 8600BCP.003.0801

Analytical Report

Service Request: K2005515
Date Collected: 7/22/00
Date Received: 7/23/00
Date Analyzed: 8/1/00

Particle Size Determination

ASTM Method D 422
Sample Name: VC0012
Lab Code: K2005515-004
Gravel and Sand
(Sieve Analysis)
l])escription Sieve Size Percent
Weight (g) Passing
[Gravel No.3/4"(19.0 mm)|]  0.0000 100
|Gravel No.3/8"(9.50 mm)|  0.0000 100 "
iMedium Gravel No.4 (4.75 mm)|  0.0000 100
ine Gravel No.10 (2.00 mm)| 0.0000 100

Very Coarse Sand No.20 (0.850 mm)| 0.0771 99.8

Coarse Sand No.40 (0.425 mm)| 0.0331 99.8
[[Medium Sand No.60 (0.250 mm)|  0.0220 99.7
{{Fine Sand No.140 (0.166 mm)] 0.1143 99.5
[IVery Fine Sand No.200 (0.0750 mm){ 0.2011 99.1

Silt and Clay
(Hydrometer Analysis)
|_| Particle Diameter Percent Passin
i 0.074 mm 99.0
_ 0.005 mm 20.5 |
0.001 mm 5.2 J
Approved By: Date:

1A/102094
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i Sample Name: VC0012
Lab Code: K2005515-004
X Y
arithmetic logarithmic Convert Y Vaiue of Y
Percent Passing Particle Diameter mm to nm Log form
Sieve (%) {mm) (nim) (dog)
3/4" 100.0 19.0 19000000 7.279
3/8" 100.0 9.5 9500000 6.978
4 100.0 - 495 4750000 6.677
10 100.0 2.00 2000000 6.301
20 99.8 0.850 850000 5.929
40 99.8 0.425 425000 5.628
60 99.7 0.250 250000 5.398
140 99.5 0.106 106000 5.025
200 99.1 0.0750 75000 4.875
2 02.1 0.0282 2824294479 4.451
5 28.0 0.0182 18190.55385 4.260
15 69.8 0.0113 11315.68671 4.054
30 55.7 0.0084 8421.615721 3.925
60 21.2 0.0066 6621.319264 3.821
250 19.2 0.0032 3186.204417 3.503
1440 9.1 0.0014 1380.139373 3.140
determined hydrometer
mm mm to nm log hyd x % Passing
0.074 74000 4.87 99.0
0.005 5000 3.70 20.5
0.001 1000 3.00 5.2
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Client:
Project:

COLUMBIA ANALYTICAL SERVICES, INC.

Exponent Environmental Group, Inc.
OL RI/FS Phase 2A / 8600BCP.003.0801
Sample Matrix: Soil

Analytical Report

Service Request: K2005515
Date Collected: 7/22/00

Date Received: 7/23/00
Date Anaiyzed: &/1/00

Particle Size Determination

G55 LSwermr5/4/4/01

ASTM Method D 422
Sample Name: VC0013
Lab Code: K2005515-005
Gravel and Sand
(Sieve Analysis)
"Doscription Sieve Size Percent
Weight {(g) Passing |
[[Gravel - No.3/4"(19.0 mm)]  0.0000 100
[iGravel No.3/8"(9.50 mm)] 0.0000 100
[Medium Gravel No.4 (4.75 mm)] 0.0000 100
ine Gravel - No.10 (200 mm)| 0.0000 100
Very Coarse Sand No.20 (0.850 mm)| 0.0162 100
Coarse Sand No.40 (0.425 mm)] 0.0129 99.9
[Medium Sand No.60 (9.250 mm)] _ 0.0152 99.9
liFine Sand No.140 (0.106 mm){  0.3340 99.2
{iVery Fine Sand No.200 (0.0750 mm)| 0.3723 98.5
Silt and Clay
(Hydrometer Analysis)
il Particle Diameter Percent Passing ||
i 0.074 mm 98.4
| 0.005 mm 40.8
L 0.001 mm 43
Approved By: Date:
1A/102094

Pzge No.:



Sample Name: VC0013
Lab Cede: K2005515-605
X Y
arithmetic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter mm to nm Log form
Sieve (%) (mm) {om) (log)
3/4" 100.0 19.0 19000000 7.279
3/8" 160.0 9.5 9500000 6.978
4 100.0 4.75 4750000 6.077
10 100.0 2.00 2000000 6.301
20 100.0 0.850 850000 5.929
40 99.9 0.425 425000 5.628
60 99.9 0.250 250000 5.398
140 992 0.106 106000 5.025
200 98.5 0.0750 75000 4.875
2 92.7 0.0286 28583.8184 4.456
5 86.6 0.0186 18573.92893 4.269
15 74.3 0.0113 11274.5254 4.052
30 62.1 0.0083 8343.647298 3921
60 499 0.0062 6151.237234 3.789
250 214 0.0032 3206.690693 3.506
1440 92 0.0014 1396.799311 3.145
determined hydrometer
min mm fo nm log hyd x % Passing
0.074 74000 487 98.4
0.005 5000 3.70 40.8
0.001 1000 3.00 43

05515wetmrS/4/4/01
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COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report
Client: Exponent Environmental Group, Inc. Service Request: K2005515
Project: . OL RI/FS Phase 2A / 8600BCP.003.0801 Date Collected: 7/22/00
Sample Matrix: Soil Date Received: 7/23/00

Date Analyzed: 8/1/00

Particle Size Determination

ASTM Method D 422
Sample Name: VC0014
Lab Code: K2005515-006
Gravel and Sand
(Sieve Analysis)
HDescription Sieve Size Percent
Weight (g) Passing
{iGravel No.3/4"(19.0 mm)|  0.0000 100
[([Gravel No.3/8"(9.50 mm)j 0.0000 100
[Medium Gravet No.4 (4.75 mm){  0.0000 100
[[Fine Gravel No.10 (2.00 mm)|  0.0000 100
[[Very Coarse Sand No.20 (0.850 mm)| 0.0918 99.8
flCoarse Sand No.40 (0-425 mm)| 0.0290 99.8
[Medium Sand No.60 (0.250 mm)] 0.0272 99.7
[[Fine Sand i No.140 (0.106 mm){  0.2194 99.3
[IVery Fine Sand No.200 (0.0750 mm)|  0.3263 98.6
Silt and Clay
(Hydrometer Analysis)
“ Particle Diameter Percent Passing
i 0.074 mm 98.4
IF 0.005 mm 45.5
0.001 mm 12.9
Approved By: Date:

1A/102094

05515wernpt/4/d4/01
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Sample Name: vCo0014
Lab Code: K2005515-006
X Y
arithmetic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter mm te nm Log form
Sieve (%) (mm) (nm) dog)
3/4" 100.0 19.0 19000000 7.279
3/8" 100.0 9.5 9500000 6.978
4 100.0 4.75 47500600 6.677
10 100.0 2.00 2000000 6.301
20 99.8 0.850 850000 5.929
40 99.8 0.425 425000 5.628
60 99.7 0.250 250000 5.398
140 99.3 0.106 106000 5.025
200 98.6 0.0750 75000 4.875
2 88.4 0.0288 28761.79104 4.459
5 84.3 0.0185 18512.88543 4.267
15 72.2 0.0112 11228.22276 4.050
30 66.1 0.0081 8123.679121 3910
60 51.8 0.0060 6037.19268 3.781
250 29.5 0.0031 3096.372023 3.491
1440 17.3 0.0014 1350.752171 3.131
determined hydrometer
mm mm o nm log hyd x % Passing
0.074 74000 4.87 98.4
0.005 5000 3.70 45.5
0.001 1000 3.00 12.9

0551 5wer mrtvd/dnl
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COLUMBIA ANALYTICAL SERVICES, INC.
It

Analytical Report
Client: Exponent Environmental Group, Inc.
Project: OL RI/FS Phase 2A / 8600BCP.003.0801

Sample Matrix: Soil

Particle Size Determination

Service Request: X2005515
Date Collected: 7/22/00
Date Received: 7/23/00
Date Analyzed: §/1/00

1A/162094

0551 5wetmr?/4/4/01

ASTM Method D 422
Sample Name: VC0015
Lab Code: K2005515-007
Gravel and Sand
. (Sieve Analysis)
"Description Sieve Size Percent
Weight (g) Passing_
{{Gravel No.3/4"(19.0 mm)]  0.0000 100
Gravel No.3/8"(9.50 mm)| 0.0000 100
edium Gravel No.4 (4.75mm)| 0.0000 100
[[Fine Gravel Neo.10 (2.00 mm)|  0.0000 100
HVery Coarse Sand No.20 (0.850 mm)]  0.1298 99.7
fiCoarse Sand No.40 (0.425 mm)|  0.0901 99.6
‘[Medium Sand No.60 (0.250 mm)]  0.0509 99.5
ine Sand No.140 (0.106 mm)]  0.1416 99.2
ery Fine Sand N0.200 (0.0750 mm); 0.1273 98.9
Silt and Clay
(Hydrometer Analysis)
i Particle Diameter Percent Passing
i 0.074 mm 98.7
i 0.005 mm 48.3
i 0.001 mm ] 0.0
~ Approved By: Date:

Page No.:



Sample Name;: YC0015
Lab Code: K2005515-007
X Y .
arithmetic logarithmic Convert Y Value of Y
Percent Passing Particle Diameter mm to nm Log form
Sieve (%) (mm) (om) (og)
3/4" 100.0 19.0 19000000 7.279
3/8" 100.0 9.5 9500000 6.978
4 100.0 4.75 4750000 6.677
10 100.0 2.00 2000000 6.301
20 99.7 0.850 850000 5.929
40 99.6 0.425 425000 5.628
60 99.5 0.250 250000 5.398
140 99.2 0.106 106000 5.025
200 98.9 0.0750 75000 4.875
2 93.7 0.0508 50848.05736 4.706
5 91.7 0.0325 32461.45364 4.511
15 81.6 0.0196 19591.03504 4.292
30 75.5 0.0142 14201.13819 4.152
60 69.5 0.0103 10282.03104 4.012
250 514 0.0052 5243.167685 3.720
1440 25.2 0.0024 2396.711347 3.380
determined hydrometer
mm mm to nm log hyd x % Passing
0.074 74000 4.87 98.7
0.005 5000 3.70 48.3
0.001 1000 3.00 -4.1
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COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report
Client: Exponent Environmental Group, Inc. Service Request: K2005515
Project: OL RI/FS Phase 2A / 8600BCP.003.0801 Date Collected: 7/22/)0
Sample Matrix: Soil Date Received: 7/23/00
: Date Analyzed: 8/1/00
Particle Size Determination
ASTM Method D 422
Sample Name: VC0016
Lab Code: K2005515-008
Gravel and Sand
(Sieve Analysis)
escription Sieve Size Percent ]
Weight (g) Passing
Gravel No.3/4"(19.0 mem) 0.0000 100
Gravel No.3/8"(9.50 mm)] 0.0000 100
[Medium Gravel No.4 (4.75 mm){  0.0000 100 |i
[IFine Gravel No.10 (2.00 mm)|  0.0000 100
[IVery Coarse Sand No.20 (0.850 mm)|  0.3423 99.3
||Coarse Sand No.40 (0425 mm)| 0.0571 992 |
liMedium Sand No.60 (0.250 mm){  0.0419 99.1 |
#Fine Sand No.140 (0.106 mm)| 0.1223 989 |}
{Very Fine Sand No.200 (0.0750 mm)|  0.2449 984 ||
Silt and Clay
(Hydrometer Analysis)
II Particle Diameter Percent Passing
0.074 mm 098.2
0.005 mm 51.2
I 0.001 mm 19.0
Approved By: Date:
LA/102094
035 15wermr8/4/4/01

PageNo.:



Sample Name: VCo0016
Lab Code: K2005515-008
X Y
arithmetic logarithmic Convert Y ‘Value of Y
Percent Passing Particle Diameter mm to hm Log form
Sieve (%) (mm) {om) (log)
3/4" 100.0 19.0 19000000 7.279
3/8" 100.0 9.5 9500000 6.978
4 100.0 4.75 4750000 6.677
10 100.0 2.00 2000000 6.301
20 99.3 0.850 850000 5.929
40 99.2 0.425 425000 5.628
60 99.1 0.250 250000 5.398
140 98.9 0.106 106000 5.025
200 98.4 0.0750 75000 4.875
2 93.8 0.0508 50848.05736 4.706
5 87.7 0.0331 33057.79739 4519
15 79.7 0.0198 19756.53444 4.296
30 73.6 0.0143 14315.31786 4.156
60 67.6 - 0.0104 10360.89582 4.015
250 51.4 0.0054 5374.878469 3.730
1440 353 0.0023 2326.771272 3.367
determined hydrometer
mm mm o nm log hyd x % Passing

0.074 74000 4.87 98.2

0.005 5000 3.70 51.2

0.001 1000 3.00 19.0

0551 Swet.ou/4/4/01
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eclasting

BXDress

a subsidiary of Geopemp Corporatisn

Client: Parsons Engineering Science

Project: Onondaga

Location: Syracuse Project No: GTX-7143
Boring ID: QL-VC-30034 Sample Type: jar Tested By: rmill

Sample ID:0OL-0285-13 Test Date: 02/06/07 Checked By: jdt

Depth : 0.5-3.3 1 Test Id: 105843

Moist, light gray silt with sand

Test Comment:
Sample Description:
Sample Comment:

;
7

printed 21132007 7:03:15 AM

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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101 A
o T 1 ¥ 1 ] 1 1
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Q4 £+ .. Ly } it i ey
1000 100 10 1 .1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand %Sikt & Clay Size.
- 0.0 17.8 822
. | Sleve Size; - Percant Finer | Sp -vComplies | Coefficients
o : Das =0.7678 mm Dsp=0.0133 mm
#4 4,75 10D
#10 200 87 Dso =0.0185 mm D15 =0.0077 mm
#20 0.84 Dso =0.0166 mm D10 =0.0054 mm
#40 0,42
e - Cu_=RN/A Ce =N/A
¥100 0.15 Classification
200 0.074 ASTM elastic siit with sand (MH)
T Particle Slee {mat) fi P Carnplies . =
— B.0321
- 0.0208 AASHTO Clayey Soils (A-7-5 (59))
-—_ 0.0131 S 29
m—— 0.0094 i8 .
— T = ample/Test Description
— TS - Sand/Gravel Particle Shape : ANGULAR
— 0.0034 [ Sand/Gravel Hardness : HARD
— 0.0015 2




= subgldiary of Gencomp Corporatian

Client: Parsons Engineering Science

Project: Onondaga

Location: Syracuse Project No: GTX-7143
Boring ID: OL-VC-30034 Sample Type: jar Tested By: mil

Sample 1ID:0L-0285-14 Test Date: 02/06/07 Checked By: jdt

Depth: 9.9-13.21t Test Id: 105844

Test Comment: ——

Sample Description:  Moist, white silt

Sample Comment: ---

/8 inch

4
1
720
#40
#60
#1.00
#200

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

100

807~

707

60T

Percent Finer
th
o

{

B e e i a  m  n  m  m d ke  e  m mm e pr a  e E

{

100

100 10

Hir++

1
Grain Size (mm)

0.001

% Cobble % Gravel %Sand %Silt & Clay Size
- 0.0 0.9 ' 99.1
- Steve Size, | Percent Finer 7 Complles Coefficients
ke s DR Des =0.0327 mm D30 =0.0137 mm
3/8 inch B.51 100
#4 .75 100 Dso =0.0186 mm D15 =0.0051 mm
0 200 100 Dso =0.0168 mm D10 =0.0029 mm
#20 0.84 100
X 042 100 Cu =N/A Cc =N/A
w60 0.25 55 Classification
#100 T.15 ) ASTM N/A
#200 0.074 59
e 3 Complles .
= 0.0326 B AASHTO Siity Soils (A-4 (0))
— 0.0204 69
— s ol ie/T criptio
— Sampie/Test Description
= e 2 Sand/Grave] Particle Shape : ANGULAR
- 0.0047 4 Sand/Gravel Hardness : HARD
—— 0.0833 11 :
— 0.0016 [

prinked 211372007 7:04:04 AM
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Client: Parsons Engineering Science b
%@ Project:  Gnondaga
et ¥ | Location: Syracuse Project No: GTX-7143
EXpress Boring ID: OL-VC-30035 T Sample Type: Jar Tested By:  mll
& subsiciary of Geocomp Corporation | Sample ID:0L-0282-18 Test Date:  01/30/07 Checked By: jdt
Pepth: 6.6-2.91t Test Id: 105659
Test Comment: -—-
Sarmple Description:  Molst, white silt
Sample Comment: ---
Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
<
(53
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3 H 1 . F F
* 1 i 1 3 I
DEE e e e el . o I
A i t . E i
1 1 E § ?
: N I E Tt H
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1 1 H L0 1
0 et —1 N } + :l L b 1 III —r I. +—+ t
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
%Cobble % Gravel % Sand % Sit & Clay Size
— 0.0 0.9 99.1
si?ﬁ;ﬁifzf; i Coefficients
. : Dgs =0.0111 mm D3p =0.0033 mm
3/8 inch 9.50 100
FY] A75 100 Dsp =0.0065 mm D15 =0.0017 mm
#10 200 100 Dsp=0.0053 mm D1p=0.0014 mm
#20 0.84 100
#40 0.42 100 Cu =N/A Cc =N/A
#6D 025 100 Classification
#100 0.5 o9 ASTM elastic silt (MH)
*200 ¢.074 o9
- Parlicle Size {mm) Percent Finer Spec. Percent Complies
0.0334 57 AASHTO Clayey Soils (A-7-5 (63))
- 6.0207 ES
0.0120 [ ——
5056 3 Sample/Test Description
e = Sand/Gravel Particle Shape : ANGULAR
= 0-0045 a2 Sand/Grave! Hardness : HARD
Rl 0.0032 29
- ¢.0015 12




Client: Parsons Engineering Science

@ & Project: Cnondaga
s - : Location: Syracuse Project No: GTX-7143
& X g* ress Boring ID: OL-VC-30035 | Sample Type: jar Tested By: mll
# subisiviary of Geosomp Comporation | Sample ID:0L-0282-19 Test Date: 01/30/07 Checked By: jdt
Depth: 16.5-19.6 1t Test Id: 105660

Test Cornment: -—
Sample Description:  Moist, grayish brown silt
Sample Comment; ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

100
90-
807"
701
60T -

501

Percent Finer

40T

1o b I I B \..:A, -

DOt e
107
0 T—r—r—r—1T— T t+ t +Hh + T T T —t— t
1000 100 10 1 0.1 0.01 0.001
Grain Size {mmy)
%Cobble % Gravet ) % Sand % Silt & Clay Size
— 0.0 24 97.9
" Percen Fme TEpi Coefficients
s 100 it Dgs =0.0207 mm Dzp=0.0019 mim
#10 700 T Dep =0.0083 mm Das=N/A
#20 0.84 99 Dsp =0.0061 mm tho=N/A
#40 0.42 53
750 0.25 55 Cu =N/A Cc =N/A
100 0.15 55 Classification
#200 0074 58 ASTM elastic silt (MH)
-- Particig Siza (mm) Petcent, Finer SpeL. Parcent Complies
-—- 0.0307 92
- 00195 2] AASHTO Clayey Soils (A-7-5 (84))
e 0.0115 73
- 0.0084 ) T
D055 T Sample/Test Descriplion
. = sand/Gravel Particle Shape @ ANGULAR
= 0.0031 36 Sand/Gravel Hardness | HARD
- c.oc14 27




Client: Parsons Engineering Science
Project: Onondaga

Geo

o : Locatlon: Syracuse Project No: GTX-7143
CXPI @58 Boring ID: OL-VC-30036 Sample Type: jar Tested By: mil
# subsitiiary of Gaeeomp Coporation | Sample ID:OL-0282-20 Test Date: 01/29/07 Checked By: jdt
Depth: 0.5-3.3ft - Test Id: 105661 ’

Test Comment: -
Sample Description:  Wet, very dark gray silt
Sample Comment: e

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

100
901
got--- -
70
8607

507

Percent Finer

407
30
20t -

107"

O h s b s e
1000 100 10 1 0.1 0.01 0.001

Grain Size (mm)

% Cobble % Gravel % Sand %Silt & Clay Size
— 0.0 29 97.1

it Finér | Spo Coefficients

& z o Dg5 =0.0209 mm D3p =0.0075 mm
#4 1
% 500 55 Dsp =0.0138 mm - D15=0.0031 mm
#20 0.84 99 D5sp=0.0118 mm D1o=0.0015 mm
#40 0.42 ag
#60 .35 55 Cu =N/A Cc =N/A
100 0.15 98 Classification
#200 D.074 97 ASTM elastic silt (MH)

T e Particle Size (mm}| Percent Finer Spec. Percent Cornplies

— 0.0310 Gh

- 0.0195 84 AASHTO Claye\/ Soils (A“7'5 (39))

-— 0.0122 52

6.0000 35 —

] T Sample/Test Description

D'ﬂm = Sand/Gravel Particle Shape : ANGULAR
0.0033 is Sand/Gravel Hardness : HARD

-— D.0015 10
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Client:

Parsons Engineering Science

Er oyl a5 s, gz Project: Onondaga
m{ﬁ%ﬁ%?@? bl ga‘gﬁ Location: Syracuse Project No: GTX-7143
exXpress Boring ID; OL-VC-30036 Sample Type: jar Tested By:  mil
& subsidiary of Geocony Corporstion Sample ID:0L-0285-01 Test Date: 02/05/07 Checked By: jdt
Depth: ©.9-13.2ft Test Id: 105831

Test Comment:
Sample Description:
Sample Comment:

Maoist, dark olive brown silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 03 0.8 99.1
“Sleye Name | Sleve Size, | Percer Cocfficients
s ln e Dss =0.030% mm D30 =0.0027 mm
3/8 Inch 9.51
#4 475 100 Dgo =0.0100 mm Dis=N/A
#10 Do 100 Dsg =0.0074 mm Dio =N/A
#20 0.84 100
#40 0.43 [E] Cu =N/A Ce =N/A
F60 0.5 ] lassificati
#1060 0.5 95 STM elastic silt (MH)
0.074 99
| Padticle Skze (mm}| - Parcant Flner ““|" " Spec Parcent - { - Complles
0.0300 £ = AASHTO Clayey Solls (A-7-5 (80))
—— 00159 75
— 0.0117 €5 —
— 70005 = Sa e/Test Description
— ST = Sand/Gravel Particle Shape : ANGULAR
— 0.0044 ) Sand/Gravel Hardness : HARD
—_ 0.0031 32
- 0.0008 16
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2 subsidgiary of Gencomp Corparstion

Client:

Parsons Engineering Science

Project: Onondaga

Location: Syracuse Project No: GTX-7143
Boring ID: OL-VC-30036 Sample Type: jar Tested By: rrdl

Sample ID:0L-0285-02 Test Date: 02/06/07 Checked By: jdt

Depth : 16.5-17.3 ft Test Id: 105832

Test Comment: -—

Sample Description:
Sample Comment;

Moist, gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

10

100

Percent Finer
o
<
}

oo e s s O

|

#20
#40
#60
#100
#200

o v rm e e i bt e e e e v e b e b b e am b =

printed 2/13/2607 8:50:47 AM

307
207
107
1000 100 0 1 0.1 0.01 0.001
Grain Size (mm)
%Cabble % Gravel % Sand % Sitt & Clay Size
- 0.0 05 895
Sleve Name Coefficients
: #4 ' Das =0.0194 mm D30 =0.0017 mm
#10 D50 =0.0072 mm D15 =N/A
#20 Dsp =0.0051 mm Dip =N/A
#40 0.4z 100
#e0 ] 156 Cu_=N/A Ce =N/A
100 .15 E1T) Classification
200 0074 100 ASTM ejastic silt (MH)
= Particle Size {mm} [::Percent Finer - | .. Sper, Percent qup_n_ﬂ__a; G
o 0.0265 54 —
= 0.0173 73 AASHTO Clayey Soils (A-7-5 (36))
- 0.0105 7z
= 60077 52
= 5.0057 = Sample/Test Description
- e = Sand/Gravel Particie Shape : ANGULAR
= 0.0020 3 Sand/Gravel Hardness : HARD
= 0.0015 =8
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Client:

Parsons Engineering Sclence

ExXpress

& subsivhiory ¢ Gaonomp Corporation

Project: Onondaga

Location: Syracuse Projeck No: GTX-7143
Boring ID: OL-VC-30037 Sample Type: jar Tested By: mil

Sample ID:OL-0282-17 Test Date: 01/29/07 Checked By: jdt

Depth: 0.5-3.31t

Test Id: 105658

Test Comment:
Sample Description:
Sample Comment:

Wet, dark gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
%Cobble % Gravel % Sand % Silt & Clay Size
— 1.0 64 92.6
-Sleve Name, .- er:| Spec, Percent] - Tor Coefficients
T T D o Dgs=0.0202 mm D30 =0.0060 mm
3/8 inch 0.50
#a 375 55 Dgo=0.0113 mm Dis =0.0033 mm
# =00 57 Dso=0.0095 mm D10 =0.0021 mm
#20 0.84 5
#40 0.2 5% Cu =N/A Ce =N/A
#60 .25 04 Classification §|
+100 0.15 [ ASTM elastic silt (MH)
200 0.074 e3
- Parlicte Size {mm) Parcent Finer Spec. Percent Complies
- ©.0232 [T AASHTO C[ayey SOilS (A“?"S (36))
= 0.0205 BS
- 0.0122 64
- 5T08s = Sample/Test Description
- i = Sand/Gravel Particle Shape @ ANGULAR
- 0.0046 72 Sand/Gravel Hardness : HARD
= 0.0033 15
- D.0035 7
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gxppress

& subsidiary of Geocomp Corpotation

Client: Parsons Engineering Science
Project: Onocndaga
Location: Syracuse Project No: GTX-7143

Boring ID: OL-VC-30037
Sample 1D:0L-0282-15
Depth: 9.9-13.2ft

Sample Type: jar Tested By: mill
Test Date: 01/30/07 Checked By: jdt
Test Id: 105656

Test Comment: -
Sample Description:
Sample Comment: -

wet, dark gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 04 27 96.9
- Steve Name - “Sleve Size, .| Parcent Finer |5 ec: Percent | - Coefficients
B RN i L LM b S Dgs =0.0174 mm D3p=0.0109 mm
378 inch 9,50 100
#a 475 100 Dso =0.0138 mm D15 =0.0096 mm
#10 2.00 98 Dsg =0.0128 mm D10 =0.0082 mm
#20 0.B4 Cl
40 0.42 a5 Cu =N/A Cec =N/A
=60 0.25 [E] Classification
#100 0,38 38 ASTM elastic silt (MH)
#200 0.074 97
- Particle Size (mm} Percent Finer Spec. Percent Complies )
XY o7 AASHTO Clayey Soils (A-7-5 (42))
_— 0.0166 84
0.0118 39 ——
5053 o Sample/Test Description
— e - Sand/Gravel Particle Shape : ANGULAR
o 0.0046 3 Sand/Gravel Hardness : HARD
— 0.0033 Ej
- 0.0015 5
nrinted 2 2407 i:2%-lr R



Client: . Parsons Engineering Science
%@@” Project:  Onondaga
e o | Location:  Syracuse Project No: GTX-7143
éxpress Boring 1b; OL-VC-30037 Sample Type: jar Tested By: mill
@ subsirfiary of Geavump Carporetion | Sample ID:01-0282-16 Test Date:  01/30/07 Checked By: jdt
Depth ! 13.2-16.5 Test Id: - 105657 '
Test Comment: -
Sample Description:  Molst, olive hrown silt
Sample Comment: —e
Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand %Silt & Clay Size
- 0.2 0.9 98.9
‘SieveName | Sieve Size, |7 iner’] Spec: Percent | Coefficients
SR e K L ot DN Dgs =0.0158 mm D30 =0.0018 mm
378 inch 550
7] a75 00 DPeo =0.0078 mm Dis=N/A
#10 200 100 Dso =0.0059 mm D1o =N/A
#20 0.4 100
F40 D.42 100 Cu =N/A Ce =N/A
50 0.25 100 Classification !
#100 0.15 [ ASTM elastic silt (MH)
#200 0.074 9
Parlicle Size (mm) | Pervent Finer Spec. Percent T Complies .
5.0310 % AASHTO Clayey Soils (A-7-5 (66))
- 0.0194 a1
e 0.0115 76 " - 1
76084 = Sample/Test Description ’
o = Sand/Gravel Particle Shape : ANGULAR ‘
T.0044 43 Sand/Gravel Hardness : HARD
0.0031 38 ;
L 0,0015 27




) Client: . Parsons Engineering Science
] - Project:  Onondaga
Geo—restlng Location: Syracuse Project No: GTX-7143
ex p ress Boring ID: OL-VC-20067 Sample Type: jar Tested By: mil
a subsiciery of Geocomp Corporation Sample ID;0L-0289-09 Test Date: 01/25/07 Checked By: jdt

Depth: 0-3.3f

Test Id:

106061

Test Comment:
Sample Description:
Sample Comment:

Wet, black silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

printed 2/14/2007 10:29:37 AM
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Grain Size (mm)
% Cobble % Gravel %Sand % Silt & Clay Size
— 00 22 97.8
Coefficients
e ibo': Dg5=0.0240 mm D3p=0.0143 mm
F10 7.00 100 Deo=0.0177 mm D35=20,0124 mm
#20 084 % D5o=0.0165 mm D1p=0.0063 mm
#a0 TA2 59
#6D T35 EX] Cu =N/A Ce =N/A
#1060 045 3] [o ificati
#200 0074 %% ASTM elastic silt (MH)
"=, | PATNICle Size (miny, | Percent Fine - o} ' “Bpac. PEIGEAL | . GOMPIEs
— 0.0305 B - =T
= 00188 76 AASHTO Clayey Soils (A-7-5 {62))
- 0.0129 15
- 0.0052 13
= 5.0066 B Sample/Test Description
T 5 Sand/Gravel Particle Shape : ANGULAR
= 0.0034 Sand/Gravel Hardness : HARD
0.0015 7




) o ] Client: Parsons Engineering Science
=z Project: Onendaga
GeoTeStlng Locatlon: Syracuse Project No: GTX-7143
express Boring ID: OL~VC-20067 Sample Type: jar Tested By:  mil
& subsidiary of Gaocomis Corperation Sample ID:0L-0289-10 Test Date: 02/13/07 Checked By: jdt
Depth: 6.6-9.9 ft Test Id: 106062
Test Comment: -—-
Sample Description:  Molst, very dark gray siit
Sample Comment: i
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Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Coefficients
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1/2 Inch 100
38 ngh 5.50 5 Dsp=0.0184 mm D15=0.0014 mm
# 473 i Dsp=0.0131 mm D10 =0.0007 mm
#10 2.00 [
#30 .57 55 Cu =N/A Cc =N/A
F4b 042 % sificali
60 ¥ 53 STM elastic silt (MH)
#100 0.15 92
#200 0.074 a8
N ) O e P AASHTO  Clayey Soils (A-7-5 (19))
= ~T 00257 7 " )
- 0.6180 59
AET s mpl est D iption
- a—n— = Sand/Gravel Particle Shape : ANGULAR
p= 0.0061 3 Sand/Gravel Hardness : HARD
— 0.0044 26
—_ 0.0032 21
o 0.6012 14




: Client: Parsons Engineering Science
~ Project: Onondaga
Geo‘res't'ng Locatlon:  Syracuse Project No: GTX-7143
ex p ress Boring ID: OL-VC-20073 Sample Type: jar Tested By: sam
asubsidiary of Geocomp Comporation | Sample ID:0L-0232-12 Test Date: 01/04/07 Checked By: jdi

Depth :

3.3-6.6 ft

Test Id:

103374

Test Comment;
Sample Description:
Sample Comment:

Wet, dark gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mim)
% Cobble % Gravel %Sand % Silt & Clay Size
— 00 23 97.7
Coefficients
: - Das=0.0227 mm Dzp=0.0044 mm
#4 4.75 100
Fio 2.00 100 Do =0.0093 mm D15=0.0023 mm
#20 0.4 100 D50=0.0075 mm D10=0.0017 mm
#40 0.42 1o
#60 0.25 ] Cu =N/A Ce =N/A
#100 0.15 99 Clagsification
#200 0.074 T ASTM elastic silt (MH)
T | PanE BE Y| Perce Finer | Eper, Pergent | Compies
e 0.0333 B :
s S O0E 5 AASHTO Clayey Soils (A-7-5 (30))
e 0.0122 73
= 0.0088 57
= 6.0063 rs) Sample /Test Description
— T, = Sand/Gravel Particie Shape : ROUNDED
= 0.0033 31 Sand/Gravel Hardness : HARD
0.0016 ]




Client: Parsons Engineering Science
-1 Project: Onondaga
Geo-resltlng Location: Syracuse Project No: GTX-7143
express Boring ID: OL-VC-20073 Sample Type: jar Tested By:  sam
a subsldiary of Geocomp Corporation | Sample ID:OL-0232-13 Test Date: 01/04/07 Checked By: jdt

Depth : 13.2-16.5 ft

Test Id: 103375

Test Comment:
Sample Description:
Sample Comment:

Moist, dark gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobbls % Gravel % Sand % Siit & Clay Size
— 0.0 28 974
Coefficients
Dgs=0.0097 mm Dap=N/A
#10 2.00 6o Dso=0.0037 mm D15 =N/A
30 (X7 % Dsp =0.0024 mm Dao=N/A
#40 D42 o9
#50 0.25 % Cy =N/A Cc =N/A
#100 0.15 58 ] it i
#200 0,074 57 ASTM elastic silt (MH)
JFn | Raetlele Sizg (mim) [ - ercenEFiner - [ “Fpeg, Percent | =7 Corfpiies. .
= T O0EE ) : :
0.0195 a5 AASHTO Clayey Soils (A-7-5 (50))
0.0113 50
0.0082 73 Ty
T0050 75 Sample /Test Description
— 3 = Sand/Gravel Particle Shape : ANGULAR
= 0.0030 55 Sand/Gravel Hardness : HARD
e 0.0014 38
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Client: Parsons Engineeting Science
. -~ Projecti: Onondaga
GeOTeSt'ng Location; Syracuse Project No: GTX-7143
ex P ress Boring ID: OL-VC-20073 Sample Type: jar Tested By: sam
o subsidiary of Geocomp Corporation Sample ID:0OL-0232-14 Test Date: 01/05/07 Checled By: jdt
Depth : 16.5-18.3 ft Test Id: 103376
Test Comment: ——
Sample Description:  Moist, gray silt
Sample Comment: -
Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mmy
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- 0.7 0.8 98.5
{BpecyPercept]". Complies: | Coefficients
L Dg5=0.0075 mm D3p=N/A
9.51 100
4.75 L] Dso=0.0028 mm Dis=N/fA
2.60 o D5 =0.0021 mm Dio=N/A
0.B4 ag
CEF] 59 Cu =N/A Cc_=N/A
0.25 EL) ] ¥ 10/
0.5 o8 ASTM elastic silt {MH)
#200 0.074 o8
T PaTicde Size (M) |, PEICERETIer | SpRC, Peroenk | - Compies |
e AT o — AASHTO Clayey Soils (A-7-5 {36))
- 0.0201 93
- 0.0115 a0 —
— TR, e Sample/Test Description
S % Sand/Gravel Particle Shape : ANGULAR
= 0.0042 71 Sand/Gravel Hardness : SOFT
— 0.0030 62
jay 0.0014 37
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Client: Parsons Engineering Science
» Project: Onondaga
Geo—rest.ng Location: Syracuse Project No: GTX-7143
express Boring ID; OL-VC-20074 Sample Type: jar Tested By:  sam
asubsidisry of Geacemp Corporation | Sample ID:OL-0232-15 Test Date: 01/12/07 Checked By: jdt
Depth: 0-3.3ft Test Id: 103377
Test Comment: ---
Sample Description:  Wet, black silt
Sample Comment: -
Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Siit & Cley Size
- 0.0 16 98.4
Coefficients
Dgs =0.0273 mm Dz9=0.0118 mm
#4 4.75 100
#10 3.00 100 Dso=0.0173 mm Dh5=0.0097 mm
0.8¢ 100 D5o=0.0152 mm D10 =0.6068 mm
0.42 100
535 5 Cu =N/A Ce =N/A
0.15 () lassificat)
0.074 B8 ASTM elastic silt (MH)
+ | arkicle Sizo (mimy | - Percent-Finer ... "Bpeo; PereEnt ™ T Camplies.” 7
— ~ 00342 703 ~ ) °
= 0.0208 75 AASHTO Clayey Soils (A-7-5 (78))
= . 0.0130 38
- 0.0095 13 i
= , Sample/Test Description
s > Sand/Gravel Particie Shape : ANGULAR
= 0.0034 3 Sand/Gravel Hardness : HARD
- 0.0015
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Client: Parsons Engineering Scilence

2 Project: Onondaga
GGOTeStII‘Ig Syracuse Project No:  GTX-7143

Location:
express Boring ID: OL-VC-20074 Sample Type: jar Tested By: _sam
a subsldiary of Geocomp Corporation | Sample ID:0L-0232-16 Test Date: 01/10/07 Checked By: jdt
Depth : 9.9-13.2 ft Test Id: 103378

Test Comment: —-—
Sample Description:  Moist, dark grayish brown clay
Sample Comment: -—

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble %6 Gravel % Sand % 3Silt & Clay Size
- 0.3 1.0 98.7
Coefficients
Dg5=0.0138 mm D30=0.0015 mm
0 Z.00 100 Dso=0.0059 mm Dig=N/A
#20 0.84 100 Ds56=0.0039 mm Dio=N/A
#20 .42 [
F60 T.25 39 Cu =N/A Cc =N/A
#100 0.15 99 Classification
#200 0074 3] ASTM fat clay (CH)
S o {PARKCE e (i) | PereehkFines |- SpeC, Pafuent [T Complles
— 00312 a7 T
— 0.0153 w AASHTO Clayay Soils (A-7-5 (66))
-— G.01%5 B0
—— 0.0082 70 am—anr
— T = mple /Test Descripti
— oy = Sand/Gravel Particle Shape : ANGULAR
e 0.0031 [T Sand/Gravel Hardness : HARD
e 00014 35
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Client: Parsons Engineering Sclence
1 . Profect: Onondaga

GeoTeStlng Locatlon:  Syracuse Project No: GTX-7143
express Bofing ID: OL-0297-01 Sample Type: jar Tested By: mii
& subsidiery of Grocomp Corporation Sample ID:OL-VC-20074 Test Date; 06/20/07 Checked By: jdt

Depth :  13.2-16.5 ft Test Id: 111431

Test Comment: - '

Sarnple Description:  Moist, dark olive gray silt

Sarnple Comment: -~

Particle Sizef}xnalysis ~ASTM D 422-63 (reapproved 2002)

100

Percent Finer
m
[om]

1000 100 10 1 0.1 0.01 0.001
Giain Size (mm)

%Cobble % Cravel % Sand % Silt & Clay Size
- 0.0 1.0 99.0
Coefficients
Dgs =0.0082 mm D3p =N/A
#a 4,75 100
#10 Z.00 100 Dsp=0.0034 mm D15 =N/A
#20 o84 100 D5p=0.0023 mm D1o =N/A
#40 0.492 EE]
#E0 5 55 Cu =N/A Cc =N/A
#1oD 0.5 g8 Classification
#200 G.075 ) ASTM elastic silt (MH)
" v - |Paricle Slza (M) | . PercencTner | Spes, Pereant | - Gomples
= —b.0255 57 — -
— 0.0168 o5 ASHTO Clayey Solls (A-7-5 (56))
-— 0.0109 92
-— 0.0079 84 - -
] = Sample/Test Description
— — = Sand/Gravel Particle Shape : ROUNDED
— 0.0030 57 Sand/Gravel Hardness : HARD
L 0.0013 a7
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Client: Parsons Engineering Science

) Project: Onondaga
Geolesting Project No: __ GTX-7143

Location: Syracuse

express Boring ID: OL-VC-20076 Sample Type: Jar Tested By:  sam
& subskdiary of Geocomp Corporation Sample ID:0L-0232-20 Test Date: 01/04/07 Checked By: jdt
Depth: 0-3.3ft Test Id: 103382
Test Comment: -

Sample Description:  Wet, black silt
Sample Comment: -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Graih Size {mm)
% Cobble % Gravel %Sand % Silt & Clay Size
- 0.0 1.7 98.3
Coefficients
D5 =0.0322 mm D3p=0.0110 mm
#10 700 100 Dsp=0.0185 mm D15=0.0021 mm
::g 0.84 100 Dsp=0.0163 mm D10=0.0002 mm
0.42 99
#60 .25 5 Cu =N/A Cc_=N/A
#100 6.15 (3] sificati
F200 6075 58 ASTM elastic silt (MH)
e | Pancle e (v | TR TR - | Epet, FeTGeR - pamples
" ~“9.0348 87 ] A
pam 0.0220 7% AASHTO Clayey Soils (A-7-5 {112))
nne 0.0132 33
0.0093 27 )
— - Sample /Test Description
_ i 2 Sand/Gravel Particle Shape : ANGULAR
— 0.0033 16 Sand/Gravel Hardness ; HARD
- 0.0015 14
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Geolesting

Client: Parsons Engineering Science

express

a subsidiary of Geocomp Gorporation

Project: Onondaga
Location: Syracuse Project No: GTX-7143
Boring 1ID: OL-VC-20076 Sample Type: jar Tested By: mil

Sampfe ID:0L-0233-01 Test Date: 12/12/06 Checked By: jdt
Depth: 9.9-13.2ft Test Id; 103425

Test Comment: ———

Sample Description:  Moist, mottled pale yellow and light reddish gray slit

Sample Comment:

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
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Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
— 0.0 98 90.2
Coefficients
Dgs=0.0320 mm P2o=0.0071 mm
[T 4.75 100
#10 Z.00 o7 Do =0.0148 mm D15=0.0036 mm
#20 0.54 96 D50 =0.0218 mm Do =0.0022 mm
#40 .42 85
F50 0.25 5 Cy =N/A Cc =N/A
#100 .15 [ ficati
#3200 0.074 50 STM elastic silt (MH)
| PAFAIE Sl (|- Percene Er
0.0243 86
p— 00214 77 AASHTO Clayey Soils (A"7'5 (57))
= 0.0127 53
— G.0091, £ ——
[ Sample /Test Description
— zzg:: 2; Sand/Gravel Particle Shape | ANGULAR
= 0.0033 1 Sand/Gravel Hardness : HARD
——— 0.0014 5
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1]
Client: Parsons Engineering Science
ol Project: Cnondaga
GeOTeStlng Location:  Syracuse Project No: GTX-7143
express Eoring ID: OL-VC-20077 Sample Type: Jar Tested By: il
a subsidiary of Geocomys Corporstion | Sample ID:0L-0233-02 Test Date: 01/17/07 Checked By; jdt
Depth: 0-3.3ft Test Id: - 103426
Test Comment; -
Sample Description:  Molst, black silt
Sample Comment: -—-
Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
(] (=
(] (=] [} O o (=]
< o 8 ¥ v oa o
$# % # % % W %
100 o0 y
=+ . . ¥ ] Ol ' 1
. . ] 1 1 ] i 1 1
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. : ; 1 T 1 v ' 1
Bo_--JI ...... : ..... - :: :: ...... : .........
B . N 1 1 ‘i 1 1 1 1
: t [} 1 1 1 1 1
FOP o S AEEERTIRERE PRpS P I S
. - ] 1 W 1 1 1 1
T M . ] 1 ML 1 1 1 [}
— L T T R T L LU '.'....I...'...I ..... e
g : A
% T : S A R R R
50, ................ R LI PR  FEE :.|....|...|...| ...... |
e ] ; S A T R
o r SO IR ORI FUUNE SO SR O I
AQT e t ............... ‘ ..... e AR -.l....|...'...] ...... e
L - - r 1 -1 1 1 ) 1
Z : 1 1 o 1 ] 1 1
[0 I IR SR : ...... II ....... : ::: ..... : ..............................
L . . 1 1 T 1 1 1 1
: ' 1 1 ‘ ] 1 3 13 i
DOf e e T LN R L R
. - . ] 1 B ) 1 i 4 1
T 1 [} L | 1 ] 1 L]
: : 1 1 N T 1 [ 1
105 I S i ............... 5i: ..... .:. \:::.: ..... : ...................
L : 1 1 o 1 1 | I | :
. 3 [} ] ol 1 ] 1 . [} .
0 =+ § + ::-- + :- IIl + ! :I“_ I‘ ‘l. i :‘.l‘ll + + :-. — + 1
1000 100 10 1 01 0.01 G.001
Grafn Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
— 0.0 36 96.4
Coefficients
e Dgs=0.0200 mm D3p=0.0110 mm
#10 2.00 100 Dep=0.0157 mm D15=0.0073 mm
0.64 90 D50 =0.0142 mm D10 =0.0050 mm
0.42 93
0.5 55 Cy =N/A Cc =N/A
0,15 o8 iFi
0674 5 ASTM elastic silt (MH)
‘Patce Stee (i | -Percent Fner . |- Epea, PRreent - " GOMPIEE - -
T 0034 — '
= 0.0208 5 AASHTO Clayey Soils (A-7-5 (116))
- 0.0130 aa
- 0.0004 0 —
= T6067 i Sample /Test Description
— ST o Sand/Gravel Particle Shape : ANGULAR
= 0.0033 7 Sand/Gravel Hardness ;: HARD
e 0,0014 [
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Client: Parsons Engineering Science

s Project: Onondaga
GeoTestmg Project No: _ GTX-7143

Location: Syracuse

express Boring ID: OL-VC-20077 Sample Type: Jar Tested By:  mii
a subsidiary of Geocomp Corporation | Sample ID:0OL-0233-03 Test Date: 01/15/07 Checked By: jdt
Depth : 13.2-16.5 ft Test Id: 103427
Test Comment: -

Sample Description:  Moist, olive brown siit
Sample Comment: -—-

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o o o ot 3
+ = 8 § 83 &
pi3 i * O W i 3
100 : R e e a
4 . . 1 1 Nl 1 ' [
. - ' ] -1 1 1 [ .
90- ..................................... .: ..... 4: ..... ..:....:...:...:‘..:. .: .............................
- 1 L | 1 1 ] ' ]
. : 1 Tt 1 1 [ :
BOT: - e Paiee e :”'.JI ..... .: ..... ::.::.;:.... ...............
| - N ] ] L 1 I H o :
N N [} t 1 i ] E . 1
70..................: ............... . ..... : ...... : ..... ' :..:;:: .............. R SRR
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i i : : 1 r | t 1 [ i
. . A t -1 1 1 t . 1 .
‘5’ 50, ................ ; ............... E DRI .: ----- .: ..... ': .:- . . : N . : o -:. . .E . : .............. : .......
8 4 . . 1 1 . b 1 1 [} . 1 .
3 | 1 e 1 1 [ :
ADFr e e el : ..... JI ..... : ::::: .............. R SRR
L. 1 (] B | 1 1 1 . 1 ‘
1 1 T ' ' [ | !
L0 b eI P S R I : ...... : ..... : :‘::::..' ................
L ] ] " ) ] ] | M
1 1 N | 1 1 ) . ] B
] ] 1 1 i L} . [ -
20 ....................................... | R g : BRI I B IR N .-:. Tt te e e ' ................
1 1 B | i 1 1 . ] .
T 1 1 1 1 1 1 - 1 -
] ] T 1 1 ] o M
A0 e et e P : ..... ..: ..... : ::.::..: .............. R
i T ' M i ] [ | ;
[} 1 ) 1 I ] . 1 .
Ot fr——————— bt } b R LA e e g -ttt
1000 100 10 1 0.1 0.01 0.001
Girain Size (mm)
% Cobble % Gravel % Sand %Sk & Clay Size
- 0.0 09 291
Coefficients
Dgs5=0.0095 mm D3p =N/A
#4 75 100
#10 .00 im0 Dso=0.0041 mm Dis=N/A
#20 .54 100 D5a=0.0028 mm Dio=N/A
&40 6.42 T00
#30 .35 5 Cy =N/A Cc =N/A
100 0.5 lassification
#200 [XivZ] STM elastic silt (MH}
Particle Slze (miml.[ - Peroght £ine oo Gomplles - -
oz ) ] —
p— 0.0178 o5 AASHTO Clayey Soils (A‘?'S (50))
_ 0.0105 88
- 0.0077 79
— 50055 = Sample/Test Description
AT = Sand/Gravel Particle Shape : ANGULAR
0.0030 51 Sand/Gravel Hardness : HARD
- 0.0013 32
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Client: Parsons Engineering Science
-1 Project:  Onondaga

GeoTeStlng Location: Syracuse Project No: GTX-7143
express Boring 1D+ OL-VC-60054 Sample Type: jar Tested By:  mil
& subsidisry of Geocomp Covporation Sample ID:0L-0284-20 Test Date: 01/25/07 Checked By: jdi

Depth: 0.5-3.3ft Test Id: 105773

Test Comment: e

Sample Description:  Moist, black sl

Sample Comment: ==~

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

c o o o8 8
< - N F 0 o o
H gk OB ¥ % #:
100 >
I : L i
90. ................. - e e e e e e : ..... : ...... : .......
L : : I 1
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r . X z o T
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FOL - S P P
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L . . 1 )
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301 I L I I IR IR I S s : :
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204 e 3
kN 1 1
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IOt e e e : ..... :
- . . 1 1
. . ] i
{ e bttty b Frlm—; + =l —r— At ——t——t
1000 100 10 1 0.1 0.01 0.001
Grain Size (rmm)
% Cobbie % Gravel % Sand %Silt & Clay Size
— 0.0 2.2 97.8
Coefficients
Dgs =0.0563 mm Dszg =0.0155 mm
4 N 100
Dep =0.0329 mm D15 =0.0103 mm
Dsp =0.0257 mim D10 =0.0080 mm
Cu_=N/A Ce =N/A
Classification

ASTM elastic silt (MH)

- D.0200 a1 ' AASHTD Clayey Soils (A-7-5 (100})

- 0.0126 21
-— 0.0092 12

0.0066 ] Sample/Test Description
500 = Sand/Gravel Particle Shape : ANGULAR
0.0035 3 Sand/Gravel Hardness : HARD

e 0.0015 5
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Geolesting

Clrlént: Parsons Englneering Sdence
Project: Onondaga
Lotation; Syracuse

Project No: GTX-7143

express

& substdiary of Gaocom) Corporation

' Saniple ID:0L-VYC-60054

Boring ID: OL-0298-04 Sample Type: jar Tested By:  mll
Test Date: 06/12/07 Checked By: Jjdt

Depth:  3.3-6.6ft Test Id: 111442

Test Comment: e
Sa‘ﬂjple Description:  Wet, black silt
Sgnple Comment; -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o o
+ =2 R €8S 8§
i # O H i
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" N H 1 T ] 1 ] |
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FOF e T ) e
- 1 3 .l 1 1 3 -1
B - ] ] <1 1 1 L LI |
P R S PUURUURRUE SUDNE IR U SO SO DU IO DR
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% : 5 1 | 1 1 | ! :
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vl = - 1 1 O | L I [ ] 0 (]
& S TURRE TN L U IO I NI
40.“...\..........,‘.......‘.......:..,.l ..... e :.I....’...‘...I...:..‘ .............................
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. ] t a [ 1 1 - E
T : 3 ] :l L 1 E) . 1
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: [3 1 :l 1 ] ] M 1
r . t 1 o 1 1 | I |
. ] 1 ol 1 1 ] -1
Qi+ N e ——— R IRV, P L e 1 et
1000 100 10 1 0.1 0.01 0.001
Grain Size {mm)
% Cobble % Gravel % Sand %Silt & Clay Size
- 0.0 4.2 05.8
Coefficients
- e s Das=0.0241 mm Dz0=0.0115 mm
#10 2.00 300 Deo=0.0183 mm Dis=N/fA
#20 0.54 L= Dsp =0.0176 mm Dio=N/A
#40 042 E]
760 0.5 B Cu =N/A Cc =N/A
#100 0.15 5 Classification
#200 0.075 96 STM elastic silt (MH
oo v | Parkle Biee fmny |~ Peitent Finer ™| Speg, PefgeRt ™ |7 Bofpllen ~ 1
— ~0.0396 T D
0.0248 ) AASHTO Clayey Solls (A-7-5 (65))
— B.0154 S
0.0109 L]
50075 = Sample /Test Description
e = Sand/Gravel Particle Shape : ROUNDED
0.0636 ) Sand/Gravel Hardness : HARD
= 0.0017 7
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Client: Parsons Engineering Science
Project: Onondega
) i Location: Syracuse Project No: GTX-7143
cXpr 888 Boring ID: OL-VC~60054 Sample Type: jar Tested By: mili

& gubsitfiary of Gectomp Corporation

Depth :

Sample ID:0L-0282-11

6.6-9.9 ft Test Id:

Test Date:

01/30/07 Checked By: jdt
105652

Tast Comment; ---
Sample Description:
Sample Comment: -

Moist, very dark gray silt

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)

prinTed 20172087 3102740 BM
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0 + iluu- ::.. 'I' 3 =|'|¢ IlI 3 1 : 'u;u " + + , +
1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)
% Cobble % Gré{rel % Sand %Silt & Clay Size
- 0.0 1.7 98.3
. Sieve Size Coefficients
o Dgs =0.0216 mim Dzp =0.0120 mm
#4 475 100
#10 .00 100 Do =0.0159 mm 45 =0.0023 mm
#20 0.84 100 Dsg =0.0147 mm D1p =0.0009 mm
#40 6.42 [E)
#60 .35 55 Cu =N/A Ce =N/A
#1100 0.15 EE) Classification
7200 007+ 98 ASTM elastic silt (MH)
- Particle Size {mm) | Percent Finer Spec. Percent Lomplles
0.0281 %
— 0.0185 73 AASHTQ Clayey Soils (A-7-5 (53))
o 0.0125 31
e 0.0690 24 —
TG0 T Sample/Test Description
— TS = Sand/Gravel Particle Shape : ANGULAR
0.0032 7 Sand/Gravel Hardness : HARD
— 00015 i)




Geole
BXPTESS

& subsigiary of Geosemp Corporation

Client:
Project:
Location:

Parsons Engineering Science
Onondaga

Syracuse Project No: GTX-7143

Boring 1D: OL-VC-60054
Sample 1D:0L-0282-12

Depth :

Sample Type: jar Tested By: mil
Test Date: 01/30/07 Checked By: jdt

16.5-i8.5ft Test Id: 105653

Test Comment: ———

Sample Description:

Moist, very dark graylsh brown silt

Sample Comment: -

Particle Size Analysis - ASTM D 422-63 (reapproved 2002)
o =
<+ i g
100 ; '% yﬁ %
| . ' i 1
: ] 3 ]
L : : : 0
: ] 3 T
80+ - : ‘.:. : B :
. : 1 5 ]
. 1 3 . F
. i H + F
L . H 1 ©8
: B T
g 60 C A
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L . ] ] B}
. ! ] R
30+ N L : _: ______ j ______
| N i 1 i
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. 1 i H
20 ........ , ] < q - N
. 1 i .
I~ 1 1 B i
N 1 1 N
N . . 1 ! T
. 1 1 A
0+t } Fevra b ik : -
1000 100 10 1 0.1 0.01 0.001
Grain Size {mm})
%Cobble % Grave! %Sand % Silt & Clay Size
— 0.0 0.8 99,2
- Bleve Name Coefficients
: P Dgs5 =0.0158 mm D30 =0.0035 mm
Z.00 300 Deo =0.0087 mm Dis=N/A
0.84 100 Dsp =0.0072 mm Dio=N/A
0.42 100
535 300 Cu =N/A Cc =N/A
0.15 100 Classification
0.074 59 ASTM elastic silt (MH)
- Particle Size {mm}]| Percent Finer Spec. Percent Cemglles
0.6260 94
= 0.6168 57 AASHTO Clayey Soils (A-7-5 {65))
0.0105 71
a 0.0079 13 H
00055 3 Sample/Test Description
5043 = Sand/Gravel Particie Shape : ANGULAR
0.0031 28 Sand/Gravel Hardness : HARD
0.0015 20
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