FEASIBILITY STUDY REPORT
ORANGE & ROCKLAND UTILITIES. INC.

> Alternative BTEX-S3: Excavation and Disposal
> Alternative BTEX-S4: Biosparging

5.1 CONCLUSIONS

Based the results of the detailed analysis of alternatives, the recommended alternatives were

- identified as:

> Alternative PCB-S2: Excavation, Disposal, Asphalt Cover and Institutional
Controls.
> Alternative BTEX-S3: Excavation, Off-Site Treatment/Disposal and

Groundwater/Surface Water Monitoring.

> Alternative G4: Groundwater and Hackensack River Surface Water
Monitoring.

The recommended alternative for the PCB impacted soils, PCB-S2, is selected based on protection
of human health and the environment and cost. Alternative PCB-S2 provides an equivalent level of
human health and environmental protection as Alternative PCB-S3 at a significantly lower cost.
“Alternative PCB-S1 does not provide for adequate protection of human health and the environment.

Alternative BTEX-S3 is recommended as the remedial action alternative for BTEX impacted soils
based on protection of human health and the environment and cost. This alternative provides for a
level of human health and environmental protection equivalent to Alternatives BTEX-S2 and BTEX-
S4. Although the cost for alternative BTEX-S4 is lower than alternative BTEX-83, the presence of
the organic silt layer could potentially reduce the effectiveness of this procedure.

Alternative G4 will provide groundwater and Hackensack River surface water data on the
effectiveness of the BTEX source removal. The data will be evaluated after two-years of quarterly
monitoring to determine if additional monitoring or remedial action is warranted.

It is not anticipated that additional groundwater treatment will be required. The BTEX source
removal remedial action will result in elimination of BTEX impacted soil as a threat to groundwater.
Although chlorinated compounds were detected in groundwater above the NYSDEC groundwater
standard, no on-site source was identified. Also, there is no known potable use of groundwater
within two miles downgradient of the Site. Hackensack River surface water analytical data indicate

that the surface water quality has not been impacted. However, if it is determined that additional
treatment of groundwater is warranted, the selected treatment alternative is Alternative G2.
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" SVE Laterals
Pert. pipe

Blank header pipe
Materials, other
Valves

Labor

Perimiter vapor control
Blank header pipe
Vapor control points
Pipe fitting/connections
Materials, other

Sparge points

Air supply piping {header)}
Sparge points

Materials, other

Labor

Perm enghancement holes
Drill/till complete

Cover system

Equipment Bldg.
Enciosure 20" x 20°
Lights, HVAC, etc.
Electric service
Miscellaneous finishing

COST ESTIMATE

Quant Unit
1980 LF
495 LF
1 LS
15 LS
240 HR
890 LF
30 EA
1 LS

1 LS
16000 LF
80 EA
1 LS
120 HR
80 EA

1 LS

1 LS

1 LS

1 LS

ORU-AIR SPARGING DETAIL

Rate

$2.50
$2.00
$2,000.00
$150.00
$35.00

$2.00
$500.00
$2,000.00
$1,000.00

$2.00
$1,000.00
$5,000.00
$35.00

$350.00

INCLUDED UNDER PCB ALTERNATIVE

$16,000.00

$3,000.00
$1,800.00
$1,000.00

Total

$4,950
$990
$2,000
$2,250
$8,400

$1,780
$14,833
$2,000
$1,000

$32,000

$80,000
$5,000
$4,200

$28,000

$15,000
$3,000
$1.800
$1,000

Page 1 of 2

$18,590

$19,613

$121,200

$28,000

$20,800

Therefore, Uit Price = $7.2 to $11.7/LF

2" pvc pert pipe @ 25°' spcaing

4" pvc 25% of perf pipe quantity

estimate-typical

control valves - 4" buttesfly

incl. hand-spread stone, stone in Item asphalt estimate, 2
labarers for three weeks

Therefore, Unit Price = $17 to $28/LF

4" pvc - 220+225 +220+ 225

2" well , 15' deep, drive-over @ 30" O.C. on perimeter
estimate-typical

estimate-typical

Therefore, Unit Price = $1615/EA for 80 to 125 points
1" to 80 points @ ave dist of 200"

2" well , 30’ deep, drive-over

estimate-typical

Incl. hand-spread stone, stone in item xx

Theretore, Unit Price = $350/EA for 80 to 125

Therefore, Unit Price = $52/SF
estimate-typical
estimate-typical
estimate-typical
estimate-typical

/ an

-

/P2

L4

T-™M9 L1y

Az &/




COST ESTIMATE

ORU-AIR SPARGING DETAIL

8 Equipment

Extraction skid

Shallow tray stnpper
Compressor

Piping connections
Electrical labor

General constr labor
Building incidentals/finishing

-

240
480
16%

EA
EA
EA

HR
HR

$16,750.00
$12,000.00
$8,000.00
$5,000.00
$40.00
$35.00
$10,072.60

$15,750
$12,000
$8.000
$5,000
$9,.600
$16,800
$10,073

Page 2 of 2

$77,223

$285,426

e,

Price = $62,000 to $100,000

JE Gasho Assoc - verbal estimate

NEEP - verbal estimate

Rolffe Industries - verbal estimate \
estimate-typical

estimate-typical

estimate-typical

15% of system
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APPENDIX B
FEASIBILITY STUDY

1.0 INTRODUCTION

1.1 General

Groundwater extraction and treatment, as described under Remedial Alternative G3 was evaluated
using a groundwater flow model, the results of which are presented as follows. The evaluation was
based on information reported in the Site remedial investigation (RI) and mathematical modeling
of groundwater flow in the vicinity of the Site. The purpose of the evaluation was to estimate the
flow rates and optimum location for an extraction well system to be used for the feasibility cost
estimate. The analyses presented herein do not constitute a design study for the remedial alternatives
considered. Additional data collection and evaluation may be required in conjunction with the
design and implementation of the selected remedial alternative.

1.2 Site Hydrogeology

According to the results of the RI, impacted groundwater occurs in two water bearing units,
overburden and fractured bedrock, underlying the Site. The groundwater in the overburden flows
in a northeastern direction across the Site, through undifferentiated sand and gravel with a hydraulic
conductivity of approximately 7 x 10* cm/sec (2 ft/day), discharging to the Hackensack River.
Groundwater in the overburden is separated from groundwater in the underlying fractured bedrock
by a potentially discontinuous lower permeability layer composed of glacial till or dense sand and
gravel in the lower portions of the undifferentiated sand and gravel unit. No Site groundwater
monitoring wells are screened solely in this dense material, but a variation in head between
groundwater in wells screened in the overburden and the fractured bedrock indicate that a lower
permeability layer is present and acts as a semi-confining layer. This material is assumed to have
a hydraulic conductivity of 1 x 10”* cm/sec (0.03 ft/day) which is approximately two orders of
magnitude less than the overlying less dense sand and gravel material. The hydraulic conductivity
measured at wells in the fractured (weathered) bedrock was approximately 2 x 10 cm/sec (5 fv/day).
Near the river a slight upward gradient was measured between the fractured bedrock and the
overburden indicating that there is a component of flow up through the “semi-confining layer”,
probably toward the river. It is assumed that the remaining groundwater in the fractured bedrock
flows under the river.

2.0 ANALYSIS

Groundwater flow was simulated using the two-dimensional analytical groundwater model
TWODAN (Fitts, 1994). This model simulates the behavior of an aquifer by superimposing
analytical solutions for the various elements that comprise the site-specific model.

2.1  Conceptual Groundwater Flow Model

Qverburden: The overburden at the ORU Site was modeled as a homogeneous, unconfined "aquifer"
of infinite horizontal extent with a maximum potential saturated thickness of 30 feet. Recharge to
the overburden "aquifer” is assumed to be provided by infiltration of rainwater uniformly distributed
over the entire extent of the "aquifer". Discharge from the model is provided by linesinks placed at

RUST ENVIRONMENT & INFRASTRUCTURE PAGE B-1
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APPENDIX B
FEASIBILITY STUDY

the location of the Hackensack River bordering the north and east of the Site. The linesinks remain
at a constant head along their length so that the groundwater elevation at the center of the linesink
is equal to the ground surface elevation at the center of the linesink.

Shallow Bedrock: The shallow bedrock was modeled as a confined “aquifer” of infinite horizontal
extent with a saturated thickness of 15 feet. Recharge to the bedrock “aquifer” is assumed to be
provided from upgradient (southwest) producing a uniform gradient across the Site. Discharge from
the model is assumed to be downgradient (northeast). It is assumed that there is no hydraulic
connection between the Hackensack River and the bedrock “aquifer”.

2.2 Groundwater Flow Model Calibration

Prior to simulating remedial alternatives, the groundwater models were calibrated against available
site data. The goal of the model calibration was to obtain simulated heads similar to those reported
in the RI for recent water level measurements.

Overburden: Figure B-1 shows the simulated heads for a recharge infiltration rate (I) of 12 inches
per year (in/yr) and an “aquifer” hydraulic conductivity (K) of 2 feet per day (ft/day). Comparing
these results to Figure 6 of the RI (these contours are shown on Figure B-1), it can be seen that the
elevation contours are in approximately the correct locations.

Shallow Bedrock: Figure B-2 shows the simulated heads for uniform flow with a gradient of 0.002,
and an “aquifer” hydraulic conductivity (K) of 5 feet per day (ft/day). Comparing these resuits to
Figure 7 of the Rl (these contours are shown on Figure B-2), it can be seen that the elevation
contours are in approximately the correct locations.

3.0 CAPTURE ZONE ESTIMATIONS

The remedial alternatives were simulated using the model described above. The results of the
simulations are characterized by the capture zones of the pumping wells. The capture zones were
defined by tracking particle pathlines in the upgradient direction from the pumping wells.

3.1 Overburden

A simulation of 2 wells located at points shown on Figure 2, each pumped at 3 gpm would provide
adequate capture of the overburden groundwater VOC plume. Figure 2 shows the simulated

groundwater elevation contours and capture zone for pumping at this rate. Likewise, one well

pumped at 5 gpm, located at the point shown on Figure B-3 would also provide adequate capture of
the overburden VOC plume. The appropriate extraction well system configuration would be further
evaluated during design. These results indicate that a groundwater treatment system with a 5 to 10
gpm capacity would be required.

RUST ENVIRONMENT & INFRASTRUCTURE PAGE B-2
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3.2 Bedrock

Due to the low hydraulic gradient in the shallow bedrock “aquifer”, very low pumping rates would
reverse the gradients and provide capture for the shallow bedrock VOC plume. Figure 3 shows the
simulated groundwater elevation contours and capture zone for one well pumped at 1 gpm. It is
likely that the upward gradient induced by pumping in the overburden would likely cause a similar
capture zone in the shallow bedrock “aquifer”, thereby eliminating the need for installing a well
directly in the shallow bedrock. Additional evaluation including performance of a pump test would
" be helpful for evaluating the degree of hydraulic connection which exists between the overburden
and shallow bedrock water bearing units.

4.0 CONCLUSIONS AND LIMITATIONS

Capture zones have been calculated for overburden and bedrock “aquifers” at the ORU Site. The
calculations were based on the following simplifying assumptions:

1. The overburden "aquifer” at the Site is unconfined, homogeneous and isotropic with a
hydraulic conductivity of 2 ft/day and areal recharge due to infiltration of 12 in/year.

2. The bedrock "aquifer” at the Site is confined, homogeneous and isotropic with a hydraulic
conductivity of 5 ft/day.

3. Flow within the "aquifer” is horizontal. The assumption of horizontal flow is implicit for the
use of a two-dimensional, areal groundwater model. The result is that no flow in the vertical
dimension is modeled. Under aggressive pumping, some vertical component of flow would
be induced in the vicinity of the well. Aside from the potential for "aquifer" inhomogeneity,
the assumption of horizontal flow is not anticipated to have a significant influence on the
predicted well capture zones.

Additional data collection and evaluation may be required in conjunction with the design and
implementation of the selected remedial alternative.
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Page 1 of 1

Estimate of Seepage into Area Confined by Cutoff Wall
Project: Orange and Rockland Utilities FS

Date: 7/22/96

By: Helen H. Mongillo

Problem:  Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

Converted
Parameter Symbol Value Unit Value Unit
Results: Total flow into contained area Q(total) 157 cfd 1 gal/min
(pumping rate required to maintain
inward gradient)
1. Flow through cap Q(c) 33 cfd 0171 gal/min
3. Flow through cutoff wall Qcw) 61.43 cfd 0.319 gal/min
S. Flow from bedrock through till Q(bedrock) 63 cfd 0.327 gal/min
[nput Area inside cutoff wail A 55,000 sq ft
Parameters: Precipitation 0.003 ft/day 15 in/year
Percent Precip. passing cap 0.2
Head difference inside cutoff wall h 2 fi
Length of cutoff wall Licw) 860 ft
Height of cutoff wall above till H(cw) 25 ft
- Width of cutoff wall w(cw) 2 ft
Hydraulic conduct. (cutoff wall) k(cw) 2.86E-03 f/day 1.00E-06 cm/sec
Thickness of till T 5 ft
Embedment depth (cw) ] 5 ft
Hydraulic conduct. (till) k(tiil) 2.86E-03 ft/day 1.00E-06 cm/sec
1. Flow through cap = Q(c)
Q(c) = Percent Precip. * Precip. * Area of Cap = 33 cfd 0.171 gal/min

Modeling the cap leakage using the HELP model or equivalent was not considered
warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)
Q(cw) = [k(cw)*h*H(cw))wicw) * L(cw)] = 61.43 cfd 0.319 gal/min
3. Flow through low permeability layer (till)} from bedrock = Q(bedrock)

Q(bedrock) = [k(till)*h*A}T = 62.86 cfd 0.327 gal/min

RUST ENVIRONMENT INFRASTRUCTURE * ORANGE AND ROCKLAND UTILITIES
ORUSEEP.XLS - 7/22/96 38301.300



Estimate of Seepage into Area Conflned by Cutoff Wall

Project:
Date:
By:

Problem:

Orange and Rockland Utilities FS
7/22/96
Helen H. Mongillo

Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSITIVITY ANAYSIS: Boxed Value is Varied

Results:

Input
Parameters:

Parameter
Total flow into contained area
(pumping rate required to maintain
inward gradient)
1. Flow through cap
3. Flow through cutoff wall
5. Flow from bedrock through till

Area inside cutoff wall
Precipitation

Percent Precip. passing cap
Head difference inside cutoff wall
Length of cutoff wall

Height of cutoff wall above tili
Width of cutoff wall

Hydraulic conduct. (cutoff wall)
Thickness of till

Embedment depth (cw)
Hydraulic conduct. (till)

1. Flow through cap = Q(c)

Symbeol
Q(total)

Q(c)
Qew)
Q(bedrock)

h
L{cw)
H(cw)
w(cw)
k(cw)

T

s
k(till)

Q(c) = Percent Precip. * Precip. * Area of Cap =

Value
157

33
61.43
63

55,000
0.003
0.2
2
860
25
2
2.86E-03
5
5
2.86E-03

33

Converted
Unit Value
cfd 1
cfd 0.171
cfd 0.319
cfd 0.327
sq ft
fuday
ft
ft
ft
ft
ft/day 1.00E-06
ft
ft

ft/day 1.00E-06

cfd 0.171

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(cw) = [k(cw)*h*H(cw)/w(cw) * L(cw)] =

61.43

3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = {k(tll)*h*A)T =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/98

62.86

cfd 0.319

cfd 0.327

Page 1 of 1

Unit
gal/min

gal/min
gal/min
gal/min

in/year

cm/sec

cm/sec

gat/min

gal/min

gal/min

ORANGE AND ROCKLAND UTILITIES

38301.300



Estimate of Seepage into Area Confined by Cutoff Wall

Page 1 of 1

Calculate flow into area confined by cutoff wall resuiting from maintenance of an inward gradient.

Project: Orange and Rockland Utilities FS
Date: 7/22/96
By: Helen H. Mongillo
Problem:
[SENSITIVITY ANAYSIS: Boxed Value is Varied ]
Parameter Symbol
Results: Total flow into contained area Q(total)
(pumping rate required to maintain
inward gradient)
1. Flow through cap Q(c)
3. Flow through cutoff wall Qcw)
5. Flow from bedrock through till Q(bedrock)
Input Area inside cutoff wall A
Parameters: Precipitation
Percent Precip. passing cap
Head difference inside cutoff wall h
Length of cutoff wail L(cw)
) Height of cutoff wall above till H(ew)
Width of cutoff wall w(cw)
Hydraulic conduct. (cutoff wall) k(cw)
Thickness of till T
Embedment depth (cw) s
Hydraulic conduct. (till) k(till)

1. Flow through cap = Q(c)

Q(c) = Percent Precip. * Precip. * Area of Cap =

Value
201

77
61.43
63

55,000
0.007
0.2
2
860
25
2
2.86E-03
5
5

2.86E-03

77

, Converted
Unit Value Unit
cfd 1 gal/min
cfd 04 gal/min
cfd 0319 gal/min
cfd 0.327 gal/min

sq ft
f/day in/year

PP IDP

ft/day 1.00E-06 cm/sec

ft/day 1.00E-06 cm/sec

cfd 04 gal/min

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(cw) = [k(cw)*h*H(cw))w(cw) * L(cw)] =

61.43

3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = [k(till)*h*A}/T =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP XLS - 7/22/98

62.86

cfd 0.319 gal/min

cfd 0.327 gal/min
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Estimate of Seepage into Area Confined by Cutoff Wall

Project:
Date:
By:

Problem:

Orange and Rockland Utilities FS
7/22/96
Helen H. Mongillo

Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSIiTIVITY ANAYSIS: Boxed Value is Varied

Results:

Input
Parameters:

Parameter
Total flow into contained area
(pumping rate required to maintain
inward gradient)
1. Flow through cap
3. Flow through cutoff wall
5. Flow from bedrock through till

Area inside cutoff wall
Precipitation

Percent Precip. passing cap
Head difference inside cutoff wall
Length of cutoff wall

Height of cutoff wall above till
Width of cutoff wall

Hydraulic conduct. (cutoff wall)
Thickness of till

Embedment depth (cw)
Hydraulic conduct. (till)

1. Flow through cap = Q(c)

i
Symbol Value
Q(total) 141
Q(c) 16.5
Qlew) 61.43
Q(bedrock) 63
A 55,000
0.003
h 2
L(cw) 860
H(cw) 25
w(cw) 2
k(cw) 2.86E-03
T 5
s s
k(till) 2.86E-03
16.5

Q(c) = Percent Precip. * Precip. * Area of Cap =

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(cw) = [k(cw)*h*H(cw)/w(cw) * L(cw)] =

61.43

3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = {k(till)*h*AYT =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/98

62.86

.

Unit
cfd

cfd
cfd
cfd

sqft
f/day

f/day

PRLEIPRPI

ft/day

cfd

cfd

cfd

Converted
Value
1

0.086
0.319
0.327

15

1.00E-06

1.00E-06

0.086

0.319

0.327

Page 1 of {

Unit
gal/min

éal/min
gal/min
gal/min

in/year

cm/sec

cm/sec

gal/min

gal/min

gal/min

ORANGE AND ROCKLAND UTILITIES

38301.300



Estimate of Seepage into Area Confined by Cutoff Wall

Project:
Date:
By:

Problem:

Orange and Rockiand Utilities FS
7/22/96
Helen H. Mongillo

Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSITIVITY ANAYSIS: Boxed Value is Varied

Results:

Input
Parameters:

Parameter
Total flow into contained area
(pumping rate required to maintain
inward gradient)
1. Flow through cap
3. Flow through cutoff wail
5. Flow from bedrock through till

Area inside cutoff wall
Precipitation

Percent Precip. passing cap
Head difference inside cutoff wall
Length of cutoff wall

Height of cutoff wall above till
Width of cutoff wall

Hydraulic conduct. (cutoff wall)
Thickness of till

Embedment depth (cw)
Hydraulic conduct. (tili)

1. Flow through cap = Q(c)

1
Symbol Value
Q(total) 207

Qc) 82.5
Q(cw) 6143
Q(bedrock) 63
A 55,000
0.003
h 2
L{cw) 860
H(cw) 25
w(cw) 2
k(cw) 2.86E-03
T 5
L] 5
k(till) 2.86E-03
82.5

Q(c) = Percent Precip. ® Precip. * Area of Cap =

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(ew) = [k(cw)*h*H(cw))w(cw) * L(cw)] =

61.43

3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = [k(till)*h*A}T =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/96

62.86

Unit
cfd

cfd
cfd
cfd

sq ft
ft/day

ft/day

PPPgI PP

ft/day

cfd

cfd

cfd

Converted
Value
1

0.429
0.319
0.327

15

1.00E-06

1.00E-06

0.429

0.319

0.327

Page 1 of 1

Unit
gal/min

gal/min
gal/min
gal/min

in/year

cm/sec

cm/sec

gal/min

gal/min

gal/min

* ORANGE AND ROCKLAND UTILITIES

38301.300



Estimate of Seepage into Area Confined by Cutoffl Wall

Project:
Date:
By:

Problem:

Orange and Rockland Utilities FS
7/22/96
Helen H. Mongillo

Page 1 of 1

Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSITIVITY ANAYSIS: Boxed Value is Varied

Results:

[nput
Parameters:

Parameter
Total flow into contained area
(pumping rate required to maintain
inward gradient)
1. Flow through cap
3. Flow through cutoff wall
5. Flow from bedrock through till

Area inside cutoff wall
Precipitation

Percent Precip. passing cap
Head difference inside cutoff wall
Length of cutoff wall

Height of cutoff wall above till
Width of cutoff wail

Hydraulic conduct. (cutoff wall)
Thickness of till

Embedment depth (cw)
Hydraulic conduct. (till)

1. Flow through cap = Q(c)

Symbol
Q(total)

Q(c)
Qew)
Q(bedrock)

h
L{cw)
H(cw)
w(cw)
k(cw)

T

s
k(till)

Q(c) = Percent Precip. * Precip. * Area of Cap =

Value
282

33
122.86
126

55,000
0.003
0.2
860
25
2
2.86E-03
5
5
2.86E-03

33

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(ew) = [k(cw)*h*H(cw)w(ew) * Licw)] =

122.86

3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = [k(till)*h*A)T =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/968

125.71

Converted
Unit Value Unit
cfd 1 gal/min
cfd 0.171 gal/min
cfd 0.638 gal/min
cfd 0.653 gal/min
sq ft
ft/day 15 in/year
ft
ft
ft
ft
ft/day 1.00E-06 cm/sec
ft
ft
ft/day 1.00E-06 cm/sec
cfd 0.171 gal/min
cfd 0.638 gal/min
cfd 0.653 gal/min

ORANGE AND ROCKLAND UTILITIES
38301.300



Estimate of Seepage into Area Confined by Cutoff Wall

Project:
Date:
By:

Problem:

Orange and Rockland Utilities FS

7/22/96
Helen H. Mongillo

Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSITIVITY ANAYSIS: Boxed Value is Varied

Results:

[nput
Parameters:

Parameter
Total flow into contained area
(pumping rate required to maintain
inward gradient)
1. Flow through cap
3. Flow through cutoff wall
5. Flow from bedrock through till

Arca inside cutoff wall
Precipitation

Percent Precip. passing cap
Head difference inside cutoff wall
Length of cutoff wall

Height of cutoff wall above till
Width of cutoff wall

Hydraulic conduct. (cutoff wall)
Thickness of till

Embedment depth (cw)
Hydraulic conduct. (till)

1. Flow through cap = Q(c)

Symbeol
Q(total)

Q@
Q(ew)
Q(bedrock)

h
L{cw)
H(cw)
w(cw)
k(cw)

T

s
k(tll)

Q(c) = Percent Precip. * Precip. * Area of Cap =

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(cw) = [k(cw)*h*H(cw)}/w(cw) * L(cw)] =

Value
219

33
122.86
63

55,000
0.003
02

860
25

2.86E-03
5

5
2.86E-03

33

122.86

3. Flow through low permeability layer (til) from bedrock = Q(bedrock)

Q(bedrock) = [k(till)*h*A)T =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/96

62.86

.

Unit
cfd

cfd
cfd
cfd

ft/day

fvday

PREPIIDD

ft/day

cfd

cfd

cfd

Converted
Value
1

0.171
0.638
0.327

15

1.00E-06

1.00E-06

0.171

0.638

0.327
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Unit
gal/min

gal/min
gal/min
gal/min

in/year

cm/sec

cm/sec

gal/min

gal/min

gal/min

ORANGE AND ROCKLAND UTILITIES

38301.300
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Estimate of Seepage into Area Confined by Cutoff Wall
Project: Orange and Rockland Utilities FS

Date: 7/22/96

By: Helen H. Mongillo

Problem: Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSITIVITY ANAYSIS: Boxed Value is Varied |
Converted
Parameter Symbeol Value Unit Value Unit
Results: Total flow into contained area Q(total) 710 cfd 4 gal/min
(pumping rate required to maintain
inward gradient)
1. Flow through cap Q) 33 cfd 0.171 gal/min
3. Flow through cutoff wall Qcw) 614.29 cfd 3.191 gal/min
5. Flow from bedrock through till Q(bedrock) 63 cfd 0.327 gal/min
Input Area inside cutoff wall A 55,000 sq ft
Parameters: Precipitation 0.003 ft/day 15 in/year
Percent Precip. passing cap 0.2
Head difference inside cutoff wall h 2 ft
. Length of cutoff wall L(cw) 860 ft
Height of cutoff wall above till H(cw) 25 ft
Width of cutoff wall w(cw) 2 ft
Hydraulic conduct. (cutoff wall) k(ew)  286E-02  fvday em/sec
Thickness of till T 5 ft
Embedment depth (cw) ] 5 ft
Hydraulic conduct. (till) k(till) 2.86E-03 ft/day 1.00E-06 cm/sec
1. Flow through cap = Q(c)
Q(c) = Percent Precip. * Precip. * Area of Cap = 33 cfd 0.171 gal/min
Modeling the cap leakage using the HELP model or equivalent was not considered
warrented for this FS evaluation.
2. Flow through cutoff wall = Q(cw)
Q(cw) = [k(cw)*h*H(cw))/w(cw) * L(cw)] = 614.29 cfd 3.191 gal/min
3. Flow through low permeability layer (till) from bedrock = Q(bedrock)
Q(bedrock) = [k(till)*h*A)T = 62.86 cfd 0.327 gal/min
RUST ENVIRONMENT INFRASTRUCTURE " ORANGE AND ROCKLAND UTILITIES

ORUSEEP.XLS - 7/22/98 38301.300



Estimate of Seepage into Area Confined by Cutoff Wall

Project:
Date:
By:

Problem:

Orange and Rockland Utilities FS
7/22/96
Helen H. Mongillo

Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSIiTIVITY ANAYSIS: Boxed Value is Varied

Results:

I[nput
Parameters:

Parameter
Total flow into contained area
(pumping rate required to maintain
inward gradient)
1. Flow through cap
3. Flow through cutoff wall
5. Flow from bedrock through till

Area inside cutoff wall
Precipitation

Percent Precip. passing cap
Head difference inside cutoff wall
Length of cutoff wall

Height of cutoff wall above till
Width of cutoff wall

Hydraulic conduct. (cutoff wall)
Thickness of till

Embedment depth (cw)
Hydraulic conduct. (till)

1. Flow through cap = Q(c)

Symbol
Q(total)

Q(c)
Qcw)
Q(bedrock)

L(cw)
H(cw)
"~ wicw)
k(cw)

k(till)

Q(c) = Percent Precip. * Precip. * Area of Cap =

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)

Q(ew) = [k(cw)*h*H(ew))w(cw) * L(cw)] =

Value
102

33
6.14
63

55,000
0.003
0.2

860
25

2.86E-04
5

5
2.86E-03

i3

6.14

3. Flow through low permeability layer (tili) from bedrock = Q(bedrock)

Q(bedrock) = [k(till)*h*A)T =

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/96

62.86

Unit
cfd

cfd
cfd
cfd

ft/day

DIDPID

fv/day 1.00E-07

ft
ft
ft/day

cfd

cfd

cfd

Converted
Value
|

0.171
0.032
0.327

15

1.00E-06

0.171

0.032

0.327

Page 1 of 1

Unit
gal/min

gal/min
gal/min
gal/min

in/year

cm/sec

cm/sec

gal/min

gal/min

gal/min

ORANGE AND ROCKLAND UTILITIES

38301.300



Estimate of Seepage into Area Conflned by Cutoff Wall

Project: Orange and Rockland Utilities FS
Date: 7/22/96
By: Helen H. Mongillo

Page 1 of 1

Problem: Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSIiTIVITY ANAYSIS: Boxed Value is Varied )
Parameter Symbol Value
Results: Total flow into contained area Q(total) 115
(pumping rate required to maintain
inward gradient)
1. Flow through cap Q(c) 33
3. Flow through cutoff wall Q(cw) 61.43
S. Flow from bedrock through till Q(bedrock) 21
Input Area inside cutoff wall A 55,000
Parameters: Precipitation 0.003
Percent Precip. passing cap 0.2
Head difference inside cutoff wall h 2
. Length of cutoff wall L(cw) 860
Height of cutoff wall above till H(cw) 25
Width of cutoff wall w(cw) 2
Hydraulic conduct. (cutoff wall) k(cw) 2.86E-03
Thickness of till T
Embedment depth (cw) s 5
Hydraulic conduct. (till) k(tiil) 2.86E-03

1. Flow through cap = Q(c)

Q(c) = Percent Precip. * Precip. * Area of Cap = 33

Converted
Unit Value Unit
cfd 1 gal/min
cfd 0.171 gal/min
cfd 0.319 gal/min
cfd 0.109 gal/min
sq ft
ft/day 15 in/year
ft
ft
ft
ft
fv/day 1.00E-06 cm/sec
ft
ft

ft/day 1.00E-06 cm/sec

cfd 0171 gal/min

Modeling the cap leakage using the HELP model or equivalent was not considered

warrented for this FS evaluation.
2. Flow through cutoff wall = Q(cw)

Q(cw) = [k(cw)*h*H(cw))w(cw) * L{cw)] = 61.43
3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = [k(til)*h*AYT = 20.95

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/96

.

cfd 0.319 gal/min

cfd 0.109 gal/min
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Estimate of Seepage into Area Confined by Cutoff Wall
Project: Orange and Rockland Utilities FS

Date: 7/22/96

By: Helen H. Mongillo

Problem: Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.

[SENSITIVITY ANAYSIS: Boxed Value is Varied 1
Converted
Parameter .Symbel Value Unit Vialue Unit
Results: Total flow into contained area Q(total) 723 cfd 4 gal/min
(pumping rate required to maintain
inward gradient)
1. Flow through cap Q<) 33 cfd 0.171 gal/min
3. Flow through cutoff wall Q(ew) 61.43 cfd 0319 gal/min
5. Flow from bedrock through till Q(bedrock) 629 cfd 3.265 gal/min
Input Area inside cutoff wall A 55,000 sq ft
Parameters: Precipitation 0.003 fvday 15 in/year
Percent Precip. passing cap 0.2
Head difference inside cutoff wall h 2 ft
Length of cutoff wall L(cw) 860 ft
- Height of cutoff wall above till H(cw) 25 ft
Width of cutoff wall w(cw) 2 ft
Hydraulic conduct. (cutoff wall) k(cw) 2.86E-03 ft/day 1.00E-06 cm/sec
Thickness of till T b ft
Embedment depth (cw) s 5 ft
Hydraulic conduct. (till) k@ill)  2.86E-02  fuday cm/sec
1. Flow through cap = Q(c)
Q(c) = Percent Precip. * Precip. * Area of Cap = 33 cfd 0.171 gal/min

Modeling the cap leakage using the HELP model or equivalent was not considered
warrented for this FS evaluation.

2. Flow through cutoff wall = Q(cw)
Q(cw) = [k(cw)*h*H(cw))w(cw) * L{cw)] = 61.43 cfd 0.319 gal/min
3. Flow through low permeability layer (till) from bedrock = Q(bedrock)

Q(bedrock) = [k(tilly*h*A}T = 628.57 cfd 3.265 gal/min

RUST ENVIRONMENT INFRASTRUCTURE +  ORANGE AND ROCKLAND UTILITIES
ORUSEEP.XLS - 7/22/98 38301.300
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Estimate of Seepage into Area Conflned by Cutoff Wall
Project: Orange and Rockland Utilities FS
Date: 7/22/96
By: Helen H. Mongillo
Problem: Calculate flow into area confined by cutoff wall resulting from maintenance of an inward gradient.
[SENSIiTIVITY ANAYSIS: Boxed Value is Varied ]
Converted
Parameter Symbol Value Unit Value Unit
Results: Total flow into contained area Q(total) 101 cfd 1 gal/min
(pumping rate required to maintain
inward gradient)
1. Flow through cap Q(c) KX) cfd 0.171 gal/min
3. Flow through cutoff wall Qew) 61.43 cfd 0.319 gal/min
5. Flow from bedrock through till Q(bedrock) 6 cfd 0.033 gal/min
[nput Area inside cutoff wall A 55,000 sq ft
Parameters: Precipitation 0.003 ft/day 15 in/year
Percent Precip. passing cap 0.2
Head difference inside cutoff wall h 2 ft
- Length of cutoff wall L{cw) 860 ft
Height of cutoff wall above till H(cw) 25 ft
Width of cutoff wall w(cw) 2 ft
Hydraulic conduct. (cutoff wall) k(cw) 2.86E-03 ft/day 1.00E-06 cm/sec
Thickness of till T s ft
Embedment depth (cw) s 5 ft
Hydraulic conduct. (till) k(till) 2.86E-04 ft/day 1.00E-07 cm/sec
1. Flow through cap = Q(c)
Q(c) = Percent Precip. * Precip. * Area of Cap = 33 cfd 0.171 gal/min
Modeling the cap leakage using the HELP model or equivalent was not considered
warrented for this FS evaluation.
2. Flow through cutoff wall = Q(cw)
Q(cw) = [k(cw)*h*H(cw))w(cw) * L{cw)] = 61.43 cfd 0.319 gal/min
3. Flow through low permeability layer (till) from bedrock = Q(bedrock)
Q(bedrock) = [k(till)*h*A)T = 6.29 cfd 0.033 gal/min

RUST ENVIRONMENT INFRASTRUCTURE
ORUSEEP.XLS - 7/22/98
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APPENDIX D
December 1996

Hackensack River Surface Water Sediment Analytical Data



RUST Rust Environment & Infrastructure inc.

Rust Enviranment & infrastructure, PE . ARCH & LS. PC. Phone 5184581313
12 Metro Park Road Fax 518.458.2472
Albany. NY 12205

January 27, 1997

Ms. Maribeth McCormick

Sr. Environmental Scientist
Orange & Rockland Utilities, Inc.
One Blue Hill Plaza

Pearl River, New York 10965

RE: Hackensack River, Water/Sediment Volatile Organic Data

Dear Ms. McCormick:

This letter presents the volatile organic analytical resuits for the surface water and sediment samples
collected by Rust Environment & Infrastructure from the Hackensack River on December 19, 1996.
Four surface water and four sediment samples were collected from the Hackensack River, one
upstream of the Orange & Rockland Utilities (ORU) West Nyack facility and three adjacent
to/downstream of the facility. Samples were submitted to Nytest Environmental for volatile organic
analysis by USEPA SW-846 Method 8021 with NYSDEC Category B deliverables.

Sample SW-1/SED-1 was collected upstream of the site on the downstream side of the railroad
bridge, sample SW-2/SED-2 was collected on the southwest side of the river across from the Nyack
Water Company intake, SW-3/SED3 was collected on the south side of the river, halfway between
monitoring wells MW-3 and MW-8, and sample SW-4/SED-4 was collected downstream of the site
just above the dam. Approximate sampling locations are depicted on the enclosed site map.

The surface water analytical results revealed that no volatile organic compounds were detected in
any of the surface water samples. Data indicate that at the time of sample collection, the site had not
impacted Hackensack River surface water quality.

Sediment analytical data indicated that with the exception of sample SED-4, no site related
compounds were detected in any of the sediment samples collected adjacent to or downstream of the
site. The methylene chloride reported in the sediment samples and the acetone reported in sample
SED-2 are considered laboratory derived and not site related. Methylene chloride and acetone are
common laboratory contaminants; methylene chloride and acetone were detected in laboratory blanks
associated with this data package. Sample results were less than ten times the blank values and
consistent with USEPA data validation guidelines, the reported sample concentrations are considered
laboratory derived.

(%) uaiity througn [8amwork



Ms. Maribeth McCormick
January 27, 1997
Page 2

Three site related compounds, cis-1,2-dichloroethene, 1,1,1-trichloroethane and trichloroethene, were
detected in the SED4 sediment sample. The SED-4 trichloroethene concentration (140 ug/kg) was
elevated with respect to the NYSDEC human health bioaccumulation sediment criteria (60 ug/kg
assuming 3% organic matter). However, trichloroethene was not detected in the SED-2 and SED-3
samples and therefore the data indicate that trichloroethene is not a significant concem in the
Hackensack River sediments in the vicinity of the site. The 1,1,1-trichloroethane and cis-1,1-
dichloroethene SED-4 sediment concentrations were low and are not indicative of significant
sediment volatile organic contamination. This is supported by the SED-2 and SED-3 samples in
which no site related volatile organic compounds were detected. \

Tetrachloroethene was detected in both the upstream SED-1 sample and SED-4 at relatively equal
concentrations. Tetrachloroethene has not been identified as a site related compound and the
detection of this sample in the upstream sample indicates the reported SED-4 tetrachloroethene
concentration is not site related.

In summary, the Hackensack River surface water and sediment data indicate that the site has not had
a significant impact on surface water or sediment quality with respect to volatile organics. If you
have any questions or comments please contact me at (518) 437-8310.

Sincerely, /

» T
Edward FahrepKopf
Senior Environmental Scientist

CNORUWNORUSED.WPD



TABLE1

Summary of Hackensack River
Surface Water/Sediment Volatile Organic Data

12/1/96
|I'TARAMETER SW-1 SW-2 SwW-3 sSw4 SED-1 SED-2 SED-3 SED-4
ug/L u, ug/l ug/L. ug/Kg ug/Kg ug/Kg ug/Kg |

[Methylene Chloride ND ND ND ND 19 14 [] 7
Toluene ND ND ND ND 2 ND ND ND
cis- 1,2-Dichloroethene ND ND ND ND ND ND ND 21
Acetone ND ND ND ND ND 31 ND ND
Trichloroethenc ND ND ND ND ND ND ND 140
Tetrachlorethene ND ND ND ND 2 ND ND 7
Xylene ND ND ND ND 2 ND ND ND
1,2,4 - Trimethylbenzene ND ND ND ND 2 ND ND ND
1,1,1-Trichiorocthane ND ND ND ND ND ND ND 2
1,2,4-Trichlorobenzene ND ND ND ND 9 ND ND ND

ND indicates not detected at or above the laboratory reporting limit




