
Corporate Environmental Programs 
General Electric Company 
I00 Woodlawn Ave , Piltsfieid, MA 01201 

Transmitted Via Fed& 

July 1 1,2000 

Bryan Olson 
EPA Project Coordinator 
U.S. Environmental Protection Agency 
EPA New England 
One Congress Street, Suite 1 100 
Boston, MA 022 14-2023 

Re: GE-Pittsfield/Housatonic River Site 
Upper %-Mile Reach Removal Action (GECD800) 
Results of Cell G1 DNAPL Investigation and Proposal to Address 
Presence of DNAPL in Cell G1 

Dear Mr. Olson: 

Enclosed is a document entitled Results of Cell Gl DNAPL Investigation and Proposal to Address 
Presence of DNAPL in Cell GI.  This document presents the results of the recent investigation to 
delineate the extent of PCB-containing dense non-aqueous-phase liquid (DNAPL) encountered in 
Cell G 1 during the Upper !4 Mile Reach Removal Action, and sets forth General Electric's proposal 
for further response actions to address that DNAPL. 'I'his proposal involves installation of a new 
sheetpile barrier wall and additional excavation of DNAPL-impacted materials. These actions will 
be implemented follou~ing the U.S. Environmental Protection Agency's approval of this proposal. 

Please call me if you have any questions. 

Sincerely yours, 

Andrew T. Silfer, P.E. 
GE Project Coordiilator 
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GENERAL ELECTRIC COMPANY -PITTSFIELD MASSACHUSETTS 
UPPER %-MILE REMOVAL ACTION OF ITOUSATONIC RIVER 

RESULTS OF CELL G l  DNAPL INVESTIGATION AND 
l'KOPOSAl, TO ADDRESS PRESENCJE OF I)N.API, IN CELL (;I 

I. INTRODUCTION 

On May 25, 2000, during remediation of Cell GI,  GE visually observed a small amount of 
DNAPL of unknown composition in the southwest corner of that cell. The observation was 
reported to the National Response Center (NRC), the United States Environmental Protection 
Agency (USEPA), and the Massachusetts Department of Environmental Protection (MDEP). A 
sample of the DNAPL was obtained on May 30, 2000 and the DNAPL was found to contain 
polychlorinated biphenyls (PCBs) at 449,000 parts per million (ppm) (Aroclor 1260), 
chlorobenzene at 266 ppm, and 1,2,4-trichlorobenzene at 159,000 ppm. In accordance with the 
requirements of the Removal Action Work Plan - Upper %-Mile Reach of Housatonic River 
(Work Plan) (BBL, August L999), on May 31, 2000 approximately one additional foot of 
sediment (beyond the limits identified in the Work Plan) was excavated in an approximate 20 foot 
by 40 foot area where the DNAPL was observed. The additional excavation did not completely 
remove the DNAPL-impacted materials and, in consultation with the USEPA, an investigation 
was proposed and implemented to further evaluate the lateral and vertical extent of DNAPL- 
impacted materials. This document presents the results of the investigation program and provides 
a proposal for installation of a sheetpile barrier wall and a proposal for additional excavation of 
DNAPL-impacted materials. 

n. SUMMARY OF DNAPL INVESTIGATION AND RESULTS 

The phased investigation program was performed between June 5,2000 and June 28, 2000 by GE 
with oversight from USEPA representatives. Implementation of the program resulted in the 
installation of 33 soil borings, using mechanical and manual AMS probe and manual sediment 
core sampling techniques. The surveyed soil boring locations are shown on Figure 1. During 
advancement of the core barrel, the recovered soils/sedi~nents were continuously logged and 
boring logs were developed and are included as Attachment A to this document. The soil 
samples were characterized with regard to the potential presence of DNAPL based on visual 
descriptions. Separate-phase DNAPL was only observed in the soil cores at five borings (HR- 
GI  -SB4, HR-G 1 -SB 15, HR-G I -SB 17, HR-GI -SB24, and HX-GI -SB27). Geologic cross- 
sections of this area have also been developed and are shown in Figures 2 through 4. Sheens and 
odors were also observed at sever-a1 locations throughout the investigation area and these 
observations are presented on Figure 5 .  In addition, various samples were selected, with 
concurrence of the USEPA, for analysis of PCBs. The analytical results indicated PCBs ranging 
in concentration from 0.12 to 8,670 ppm. These results are provided in Table 1 and on Figure 5. 
The results of the investigation indicate that DNAPL observations in the borings were limited to 
the area at the downstream end of Outfall 05B and in the sediment located in front of the 
headwall. Additionally, the obsenration of DNAPL is sporadic and does not appear to be 
associated with a significant source area. Based on these observations, with USEPA concurrence, 
an intermediate cut-off sheetpile wall was installed within Cell G1 (see Figure 1) to further isolate 
the DNAPL area frotn the upstream portion of Cell GI and thus allow completion of restoration 
activities in the upstream portion of that cell. 

Following coinpletion of the soil boring investigation, three locations (PZ-I, PZ-2, and PZ-3) 
were selected for installation of well points (see Figure 1). Table 2 sunllnarizes the well point 
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construction details and the locations are shown on Figure 1. The well points were installed on 
June 28, 2000, and monitored on June 30, July 3, and July 5, 2000 for the presence of DNAPL. 
The results are presented in Table 3. As indicated in Table 3, DNAPL has not been found in the 
well points, although a slight oily film has been observed on the probe in PZ-2. 

Finally, on June 30, 2000, four additional soil borings (HR-G I -SB29, HR-G I -SB30, HR-G2- 
SB5, and HR-G2-SB6) were advanced along the top of the riverbank to determine the 
approximate elevation of till in this area. The borings indicated that till was present at an 
approximate elevation of 955 to 960 feet above mean sea level. The boring logs are also provided 
in Attachment A 

111. PROPOSED SHEETPILE BARRIER WALL INSTALLATION 

Based on the results of the above investigations and observation of DNAPL within the Cell GI 
excavation area, supplemental containment measures are proposed to further address the known 
or potential presence of DNAPL within the subsurface soils in this area. The primary component 
of the proposed supplemental DNAPL containment measure is the installation of a physical 
containment barrier along and parallel to a portion of the Housatonic River riverbank. 
Specifically, GE proposes the installation of an approximately 105-foot long steel sheetpile wall 
parallel to and along the edge of the river, as shown on Figure 6. 

The proposed containment barrier will be constructed of a steel sheetpile wall with sealable 
joints. This t ~ p e  of steel sheetpiling has been successfully installed at two previous locations at 
GE's Building 68 area and East Street Area 2 - South. The sheetpile wall will be constructed of 
Waterloo brand, heavy-wall, sealable sheetpiling (WEZ95) manufactured by Canadian Metal 
Rolling Mills under license to the University of Waterloo. The heavier gauge sheeting has been 
selected for this application, since it will be necessary to attempt to advance the sheeting into the 
subsurface till layer. The sheeting will be driven into place with a vibratory or impact hammer. 
Since there will be additional excavation activities performed in the vicinity of the containment 
barrier, and to avoid potential joint dainage that may be caused by construction-related impacts, 
the sheetpile joints will be left un-grouted until the completion of the sediment excavation and 
restoration activities up to a minimum elevation of 967 feet. Structural calculations regarding the 
long-term stability of the sheetpile wall are provided in Attachment B. These calculations show 
that the sheetpile wall will be stable under long-term (restored) conditions. 

Horizontal and Vertical Extent 

The location and depth of the proposed containment barrier were conservatively selected, based 
on the results of field investigations, to include those areas (both vertically and horizontally) 
where DNAPL has been identified or may be potentially present. Once this area was determined, 
several other technical and operational factors were considered in the detailed design activities, 
such as possible impacts to the existing hydrogeologic conditions in the area, possible effects of 
future river flooding on the migration/containment of NAPL, laboratory analytical results, 
historic groundwater elevations, typical river elevations, and existing bank geometry. However, 
the actual alignment of the containment barrier may be adjusted somewhat during construction 
based on actual field conditions. These field adjustments are not anticipated to be significant. 

The horizontal extent of the proposed containment barrier is shown on Figure 6. The wall will 
be located parallel to the river approximately 5 feet up the bank measured horizontally from the 
water edge (at elevation 972). This location has been selected based on a review of information 
obtained from the recent investigations summarized in Section 11. Using this information, the 



location of the proposed containment barrier was established to include known areas of NAPL 
that could potentially migrate toward the river. The location and alignment of the proposed 
containment barrier have also taken into account installation difficulties associated with the 
outfalls in this area. As shown on Figure 6, that barrier will encompass both outfalls. 

Wing walls angled at 45' will extend up the bank approximately 15 feet at both ends of the 
proposed barrier wall. Based on these design parameters, the length of the proposed containment 
barrier along the riverbank will be approximately 75 feet. With the addition of the wing walls, 
the overall length of the proposed containment barrier will be approximately 105 feet. 

Several considerations were taken into account in selecting the vertical extent of the proposed 
containment barrier, including the results from recent investigations; historic, current, and 
predicted groundwater hydraulics; and geotechnical considerations. From this information, it is 
anticipated that the vertical extent of the containment barrier will extend at least to the upper 
surface of the till unit (i.e., approximately 955 to 960 feet). In addition, the sheetpile will extend 
approximately 5 feet into the till if it is physically possible for the sheetpiling installation 
equipment to advance the sheetpile to this elevation. 

The proposed upper elevation of the containment barrier is 975 feet. This top of sheetpile 
elevation was selected based on the existing bank elevations in this area and incorporation of the 
existing outfalls. 

In addition to the presence of DNAPL, groundwater hydraulics were factored into the selection of 
the location and configuration (e.g., vertical extent) of the proposed containment barrier. The 
groundwater hydraulics associated with typical hydrogeologic conditions in this area were 
modeled by BBL using the publicly available and well-documented hlODFLOW program 
(Attachment C). The results of the modeling effort indicate that the groundwater n~o~tnding 
caused by the installation of the sheetpile wall would be minor (approximately 0.5 feet). As a 
result, groundwater recovery behind the wall is not anticipated. In the event that groundwater 
recovery becomes necessary, the modeling indicates that a pumping rate of 10 gpm would reduce 
the groundwater mounding effects. 

IV. PROPOSED ADDITIONAL EXCAVATION 

Following installation of the sheetpile wall, additional excavation will be performed in Cell GI .  
In addition, another intermediate cut-off sheetpile wall will be installed to isolate the upper 25 
feet of Cell G2 so that excavation activities in that area may be performed concurrently. The 
approximate extent of initial excavation is shown on Figures 6, 7 and 8. Excavation will be 
performed initially to a maximum depth of 4 feet, based on visual observations, in the 
downstream portion of Cell G1. A portion of this area will also be excavated further to an 
elevation of 965 feet. If it appears that the DNAPL-impacted materials have been removed, then 
the area will be restored in accordance with the requirements of the Work Plan. If it appears that 
additional DNAPL-impacted materials remain, then additional excavations will be performed 
until the maximum excavation depth has been reached. It is anticipated that maximum 
excavation depth in the interior portion of the Cell G1 DNAPL area will be an elevation of 963 
feet based on the soil borings and structural considerations. However, if the excavation becomes 
unsafe due to "boils," the maximum excavation depth may be further limited. The Remediation 
Contractor will have responsibility for the structural stability of the excavation and will evaluate 
the maximum possible depth to which excavation may be performed, based on conditions 
observed in the field. Since there does not appear to be a significant source of LINAPL, it is not 
anticipated that a collection system will be required. However, in the event the maximum 
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excavation depth has been reached and DNAPL-impacted materials remain, a DNAPL collection 
system similar to the one installed in the river at East Street Area 2 - South may also be installed 
here. 

Excavation activities in the upstream portion of Cell G2 will be initially performed to the limits 
required by the Work Plan. The need for additional excavation will be evaluated at that time 
based on the observations (if any) of DNAPL, consistent with the Work Plan. To facilitate 
excavation activities, Outfalls 005 and 05A will be re-routed. The outfall from the water 
treatment facility (005) will be piped around the work area and a 3,000 gallons per minute (gpm) 
pump will be installed in the outfall sump for the oillwater separator (05A) to pump the design 
discharge volume of water (2,800 gpm) around the work area. 

Excavated materials that are observed to contain DNAPL will be separately managed and will be 
subject to off-site disposal. Excavated materials that are not observed to contain DNAPL will be 
placed in the On-Plant Consolidation Areas (OPCAs) 

Following completion of excavation activities in Cells G1 and G2, the areas will be restored in a 
similar manner to the restoration at the East Street Area 2 - South source control area. Figures 7 
and 8 provide cross-sections of the proposed restoration. To avoid potential joint damage that 
may be caused by construction-related impacts, the area in front of the sheetpile wall will be 
restored to a minimum elevation of 967 feet prior to grouting of the sheetpile joints. Following 
backfill to this level, the sheetpile joints will be grouted and restoration activities will be 
completed. 

The existing outfalls will be extended to the sheetpile wall. Penetrations through the wall will be 
made as required to maintain proper operation of the outfalls. The penetrations will also be 
sealed as required to prevent leakage through the sheetpile wall. The area between the sheetpile 
wall and the existing outfall headwalls will be backfilled with general fill or grout to 
approximately 1 foot below the surrounding grade. Riprap will then be placed to the surrounding 
grade, as a measure of erosion protection. Additionally large diameter stones (greater than 12 
inches) will be used below the outfalls for erosion protection 

V. SCHEDULE AND ADDITIONAL ACTIVITIES 

The proposed activities outlined herein will be implemented following USEPA's approval of this 
proposal. It is anticipated that, following USEPA's approval of this proposal, sheetpile wall 
installation, excavation, and restoration activities within Cell GI and the upstream 25 feet of Cell 
G2 will be completed within a 3-4 week time frame. Until such time, GE will continue to 
monitor the well points three times per week and maintain oil absorbent booms and pads as 
needed. 

Finally, following completion of restoration activities in the DNAPL portion of Cell G 1 and the 
upstream portion of Cell G2, GE will evaluate the need for additional DNAPL collection 
measures in this area and propose any such measures to USEPA for approval. 
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TABLE 1 

GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASSACHUSETTS 

REMOVAL ACTION - UPPER 1/2-MILE REACH OF HOUSATONIC RIVER 

SUMMARY OF PCBs DETECTED IN CELL GI AND G2 SOIL SAMPLES 
(Results are presented in dry-weight parts per million, ppm) 

Notes: 
1 .  Samples were collected by Blasland, Bouck & Lee, Incorporated, and submitted to Northeast Analytical and CT&E Environmental Services, inc. for PCB analysis 
2. ND -Compound was not detected, associated detection limit presented in parentheses. 
3. Duplicate sample results are presented in brackets. 
4. J - Indicates an estimated value less than the associated detection limit. 
5. PB - Aroclor 1221 is being used to report an altered PCB pattern exhibited by the sample. Actual Aroclor 1221 was not detected in the sample, 

but is reported to more accurately quantify PCB present in the sample that has undergone environmental alteration. 
6. PD - Aroclor 1242 is being used to report an altered PCB pattem exhibited by the sample. Actual Aroclor 1242 was not detected in the sample, 

but is reported to more accurately quantify PCB present in the sample that has undergone environmental alteration 
7. PE - Aroclor 1248 is being used to report an altered PCB pattem exhibited by the sample. Actual Aroclor 1248 was not detected in the sample, 

but is reported to more accurately quantify PCB present in the sample that has undergone environmental alteration. 
8. AG - Aroclor 1260 is being reported as the best Aroclor match. The sample exhibits an altered PCB pattem. 

GE Sample ID. 

HR-GI -SB- 19 
HR-G 1 -SB-19 
HR-G I -SB-20 
HR-G I-SB-20 

Sample 
Collection 

Date 
6/14/00 
6/ 1 4/00 
6/14/00 
6/ 14/00 

Sample 
Depth 
(Feet) 
8-10 
10-12 
2-4 
6-8 

HR-G I -SB-2 1 
HR-G I -SB-2 1 

HR-G I -SB-22 
HR-G I -SB-24 
HR-G I -SB-24 
HR-G I -SB-24 
IIR-G I -SB-24 
HR-G 1 -SB-24 
HR-GI -SB-24 
HR-G 1-58-24 
HR-G 1 -SB-26 
HR-GI -SB-26 
HR-G I-SB-26 

Aroclors 1016 and 1232 

ND (105) 
ND (3 06) 

ND(0 721) 
ND (0 0537) 

Aroclot 1221 

ND (105) 
ND (3 06) 
ND(0721) 

ND (0 0537) 
ND (0 0575) 

ND (1 62) 
ND (0 0534) 

ND (7 0) 
ND (0 36) 
ND (180) 
ND(1 8) 

ND (0 047) 
ND (0 45) 
ND (19) 

HR-G 1 -SB-27 

Aroclor 1242 

ND (1 05) 
ND (3 06) 
ND(O721) 
0 0605 PD 

ND (0 0575) 
ND (162) 

ND (0 0534) 
NU (7 0) 

ND (0 36) 
ND(180) 
ND(I 8) 

ND (0 047) 
ND (0 45) 
ND (19) 

ND (0 39) 
ND (0 036) [ND (0 036)] 

ND (0 037) 

ND (0 0575) 
ND (1 62) 

ND (0 0534) 
ND (7 0) 

ND (0 36) 
890 
3 7 

ND (0 047) 
0 43 J 

15J 

6/ 14/00 
6/14/00 
6/ 1 4/00 

Aroclor 1248 

ND (105) 
ND (3 06) 

1 32 PE 
ND (0 0537) 

2-4 
8-10 
2-4 

0 382 PE 
ND (162) 

ND (0 0534) 
ND (7 0) 

ND (0 36) 
ND (1 80) 
ND ( I  8) 

ND (0 39) 
ND (0 036) WD (0 036)] 

6/23/00 

Aroclor 1254 
- 

ND (105) 
ND (3 06) 
ND (0 721) 

ND (0 0537) 

6/23/00 
6/23/00 
6/23/00 
6/23/00 
6/23/00 
6/23/00 
6/23/00 
6/23/00 
6/23/00 

ND (0 39) 
ND (0 036) [ND (0 036)) 

ND (0 037) 
0-2 

ND (0 0575) 
ND (1 62) 

ND (0 0534) 
ND (7 0) 2-4 

4-6 
6-8 
8-10 
10-12 
12-14 
14-16 
8-10 
10-12 

0 35 J 
ND (0 036) [ND (0 03611 

2-4 
4-6 
6-8 

HR-G I -SB-27 
HR-G2-SB- I 
HR-G2-SB-2 

Aroclor 1260 

2,080 
84 6 

I 1  2AG 
0 0602 AG 

6/23/00 1 12-14 
ND (200) 

ND (0 39) 
ND (0 036) [ND (0 036)] 

ND (0 037) 0 043 

ND (200) 

3 3 
0 14 [O 121 

0 59 

ND (43) 
ND (I 78) 
ND (2 48) 

ND (0 06 19) 

ND (200) 
6(23/00 
6/ 16/00 
6/16/00 

Total Aroclon 

2,080 
84 6 
12 52 

0 1207 
0 586 AG 

4,200 
0 191 

99 

ND (0 047) 
ND (0 45) 
ND (19) 

ND (0 037) 

3 65 
0 14 [0 121 

0 633 
ND (200) 1 170 J 

HR-G2-SB-4 

0 968 
4,200 
0 191 

99 
I 3 6 3 6 ND (0 36) 

I 

0 56 
4 6 
620 

ND (0 047) 
ND (0 45) 
ND (19) 

8,500 

6/16/00 1 12-145 

ND (43) 
ND (I 78) 
ND (2 48) 
0 1 9 8 P ~  

ND (43) 
ND (I 78) 
ND (2 48) 
-p ND (0 0619) 

ND (1 80) 
ND(I 8) 

0 56 
5 03 
635 

8,670 
1,800 
41 8 
53 

ND (0 0619) 

ND (43) 
ND ( I  78) 
ND (2 48) 

N D ( O  061 9) - 

ND (43) 
ND (I 78) 
ND (2 48) 

ND (0 0619) 

1,800 
41 8 
53 

0 198 

7,500 
40 

8,390 
43 7 



Gldata 

TABLE 2 

GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASSACHUSETTS 

REMOVAL ACTION - UPPER 1R-MILE REACH OF HOUSATONIC RIVER 

PIEZOMETER CONSTRUCTION DETAILS 

Notes: 
1. Piezometers were installed by Blasland, Bouck & Lee, Incorporated on June 28, 2000, 

utilizing an AMS Power Probe direct push rig. 
2. Piezometers were constructed with I-inch inside diameter PVC screens and risers. 

Piezometer ID. 

GI-PZI 
G I -PZ2 
G I -PZ3 

Page l o f  1 

Ground 
Elevation (Feet 

AMSL) 
978.29 
978.65 
977.79 

Measuring 
Point Elevation 
(Feet AMSL) 

979.9 1 
980.27 
979.4 1 

Screen Depth 
Feet)  

5-15 
1-16 
4-14 

Screen Elevation 
(Feet) 

973.29-963.29 
977.65-962.65 
973.79-963.79 



TABLE 3 

GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASSACHUSETTS 

REMOVAL ACTION - UPPER 112-MILE REACH OF HOUSATONIC RIVER 

PIEZOMETER MONITORING RESULTS 

Piezometer ID. 

Notes: 
1. Piezometers were installed by Blasland, Bouck & Lee, Incorporated on June 28,2000, 

utilizing an AMS Power Probe direct push rig. 

. 

2. Piezometers were constructed with I-inch inside diameter PVC screens and risers. 

Gldata 

Date 

GI-PZ1 
GI-PZI 
GI-PZI 
G 1 -PZ2 
G I -PZ2 
G 1 -PZ2 
G 1 -PZ3 
G 1 -PZ3 

I G 1 -PZ3 

Page lo f  1 

Ground 
Elevation (Feet 

Measuring 
Point Elevation 

613 0100 
7/3/00 
7/5/00 

6/3O/OO 
7/3/00 
7/5/00 

613 0100 
7/3/00 

, 7/5/00 

Depth to Water 
(Feet below 

AMSL) 
978.29 
978.29 
978.29 
978.65 
978.65 
978.65 
977.79 
977.79 

, 977.79 

Depth to NAPL 
(Feet below 

(Feet AMSL) 
979.91 
979.9 1 
979.91 
980.27 
980.27 
980.27 
979.4 1 
979.4 1 
979.4 1 

NAPL 
Thickness 

Groundwate 
Elevation 

M P) I M P) I (Feet) I (Feet AMSL) 
10.46 
10.46 
10.42 
10.89 
10.99 
10.92 
10.31 
10.39 
10.33 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

969.45 
969.45 
969.49 
969.38 
969.28 - 
969.35 
969.10 
969.02 
969.08 
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Soil Boring Logs 



I No sheens or NAPL observed. 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATONWRG 101. WPD 

Project Number: 201.97 
June 2 1,2000 



BLASLAND, BOUCK & LEE, INC. 
File l.D.:U:WOUSATOMHRG 102. WPD 

Project Number: 201.97 
June 2 1,2000 



No sheens or NAPL observed. 

BLASLAND, BOUCK & LEE, INC. 
File I.D..U:WOUSATONWRG 103. WPD 

Project Number: 201.97 
June 2 1,2000 



REMARKS: 

BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:WOUSATOWRG I04.WPD 

Project Number: 201.97 
June 2 1,2000 



BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATOWRGIO5.WD 

Project Number: 201.97 
June 2 1,2000 



BLASLAND, BOUCK & LEE, NC. 
File f.D.:U:WOUSATOWRG 106.WPD 

Project Number: 201.97 
June 21,2000 
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REMARKS: 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:\HOUSATONWRG107. WPD 

Project Number: 201.97 
June 2 1,2000 



P 
I 

f l  
1 

1 

iT 

7 
1 

n 

Gray fine-coarse SAND 

Boring termmated at 4 0 feet (963 20 feet) 

No sheens or NAPL observed 

BLASLAND, BOUCK & LEE, INC Project Number 201 97 n Ftle 1 D U WOUSATOMHRG I08 WPD June 2 1,2000 

DATE STARTED: 6/5/2000 
DATE FINISHED: 6/5/2000 
DRILLING COMPANY: BBL 
DRILLING METHOD: D~rect Push 
BIT SIZE: 2 Inch X 4 Feet Lexan Tube 
RIG TYPE: Manual Core Drlver 
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BOREHOLE DEPTH: 4 0 Feet 

DESCRIPTIONS BY: Alex Marcon] 

NORTHING: 533058 67 
EASTING: 132765 63 
GROUND ELEVATION: 967 20 

BORING ID: HR-G I -SB-8 

CLIENT: General Electrlc Company 
Plttsfield, MA 

SITE: Housatonlc Rlver 
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STRATIGRAPHIC 
DESCRIPTION 

Gray-brown fine-rnedlum SAND, some coarse Sand 



BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATONWRG IO9.WPD 

@ 
@ 

Gray fine-coarse SAND and GRAVEL. 

Boring terminated at 4.0 feet (962.55 feet) 

Project Number: 201.97 
June 2 1,2000 

DATE STARTED: 6/5/2000 
DATE FINISHED: 6/5/2000 
DRILLING COMPANY: BBL 
DRILLING METHOD: Direct Push 
BIT SIZE: 2 Inch X 4 Feet Lexan Tube 
RIG TYPE: Manual Core Driver 

Page 1 of 1 
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BOREHOLE DEPTH: 4.0 Feet 

DESCRIPTIONS BY: Alex Marconi 

NORTHING: 533065.08 
EASTING: 132776.55 
GROUND ELEVATION: 966.55 

BORING ID: HR-G I -SB-9 

CLIENT: General Electric Company 
Pittsfield, MA 

SITE: Housatonic River 
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STRATIGRAPHIC 
DESCRIPTION 

Gray fine SAND, some coarse Sand, oily sheen. 



BLASL.M?D, BOUCK & LEE, MC. 
File I.D.:U:WOUSATONU-IRGt 10.WPD 

Project Number: 201.97 
June 2 1,2000 



BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:V-(OUSATOWRG I I I .  WPD 

p 

Project Number: 20 1.97 
June 21,2000 

REMARKS: 

r 



BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:WOUSATONVIRGI 12.WPD 

Project Number: 201.97 
June 2 1,2000 



( REMARKS: 1 Boring backfilled to to surface with bentonite. 
No sheens or NAPL observed. 

/ 

i 
BLASLAND, BOUCK & LEE, RJC. 
File f.D.:U:\tlOUSATOMHRGI 13PI.WPD 

Project Number: 201.97 
June 20,2000 



+I 
REMARKS: 
Boring backfilled to to surface with bentonite. 

, No sheens or NAPL observed. 

BLASLAND, BOUCK & LEE, INC. Project Number: 20 1.97 
File I.D.:U:\tlOUSATO~RC113P2.WPD June 20,2000 

. $ 



1 REMARKS: 
P Boring backfilled to to surface with bentonite. 

I , No sheens or NAPL observed. 

BLASLAND, BOUCK B LEE, INC. Project Number: 201.97 
File I.D.:U:WOUSATOMHRGI 14P1 .WPD June 20,2000 



DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 

BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533078.52 
EASTING: 132763.19 SITE: Housatonic River 
GROUND ELEVATION: 978.4 1 

STRATIGRAPHIC 
DESCRIPTION 

Gray coarse SAND and GRAVEL. 

Boring terminated at 16.0 feet (96 1.73 feet) 

BLASLAND, BOUCK & LEE, INC. Project Number: 201.97 
File I.D.:U:WOUSATONV1RGI 14P2.WPD June 20,2000 
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BLASLAND, BOUCK & LEE, INC Project Number 201 97 
F~le I D U WOUSATOMHRG I 15P 1 WPD June 2 1,2000 

DATE STARTED: 6/6/2000 
DATE FINISHED: 6/6!2000 
DRILLING COMPANY: BBL 
DRILLING METHOD: Direct Push 
BIT SIZE: 1 5 Inch X 4 Feet 
RIG TYPE:AMS Power Probe 
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BOREHOLE DEPTH: 16 0 Feet 

DESCRIPTIONS BY: Alex Marconi 

NORTHING: 533086 84 
EASTING: 132773 35 
GROUND ELEVATION: 977 95 

BORING ID: HR-G 1 -SB-15 

CLIENT: General Electric Company 
Pinsfield, MA 

SITE: Housatonic River 

Bonng backfilled to to surface w~th  bentonite 
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STRATIGRAPHIC 
DESCRIPTION 

Brown SILT 

0 5' (977 45') 
Light brown fine SAND 

4 0' (973 95') 
Gray-brown fine SAND 

6 0' (97 1 95') 
Gray CLAY 

Description continued on Page 2 



I REMARKS: 
Boring backfilled to to surface with bentonite. 

I 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATOWRGi 15P2.WPD 

I 

Project Number: 201.97 
June 21,2000 



DESCRIPTIONS BY: Alex Marconi 

BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533095.21 
EASTING: 132796.47 SITE: Housatonic River 

STRATIGRAPHIC 
DESCRIPTION 

Light brown fine SAND. 

Gray-brown fine SAND. 

Gray CLAY, some Gravel. 

Description continued on Page 2. 

No sheens or NAPL observed. 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATOWRGI 16PI.WPD 

Project Number: 201.97 
June 20,2000 



DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
DRILLING METHOD: Direct Push Pittsfield, MA 
BIT SIZE: 1.5 Inch X 4 Feet NORTHING:533095.2 1 

EASTING: 132796.47 SITE: Housatonic River 
GROUND ELEVATION:976.92 

STRATIGRAPHIC 
DESCRIPTION 

ray-brown fine-coarse SAND and GRAVEL. 

13.0' (963.92'). 
Gray fine SAND, compact. 

Boring terminated at 16.0 feet (960.92 feet) 

BLASLAND, BOUCK & LEE, MC. Project Number: 201.97 
File l.D.:U:WOUSATOMNRG116P2.WPD June 20,2000 



i REMARKS: 
Boring backfilled to to surface with bentonite. 

BLASLAND, BOUCK & LEE, WC. 
File I.D.:U:WOUSATOMWRGI 17PI.WPD 

Project Number: 201.97 
June 21,2000 



DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
Pinsfield, MA 

BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533096.38 
EASTING: 132776.14 SITE: Housatonic River 

STRATIGRAPHIC 
DESCRIPTION 

Gray-brown SILT, saturated. 

Gray-brown SILT, saturated. 

Boring terminated at 16.0 feet (962.55 feet) 

BLASLAND, BOUCK & LEE, INC. Project Number: 201.97 
File I.D.:U:WOUSATOWRG117P2.WPD June 2 1,2000 



Page 1 of 2 

DRILLING COMPANY: BBL DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
DRILLING METHOD: Direct Push Pinsfield, MA 

NORTHING: 533 102.16 
EASTING: 132785.05 SITE: Housatonic River 
GROUND ELEVATION: 978.72 

STRATIGRAPHIC 
DESCRIPTION 

Brown SILT, trace fine Gravel. 

Brown SILT, trace concrete. 

Brown SILT, trace concrete, dark staining, odor. 

Gray-brown SILT, slight odor. 

Light gray-brown SILT, saturated. 

Description continued on Page 2. 

BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:WOUSATONWRG 1 1  8PI .WPD 

Project Number: 201.97 
June 21,2000 



I REMARKS: 
I Boring backfilled to to surface with bentonite. 

BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:WOUSATOMHRG118P2.WPD 

Project Number: 201.97 
June 2 1,2000 



I 
1 REh5ARKS: 
1 

Boring backfilled to to surface with bentonite. 1 Analytical samples collected from 8-1 0 feet and 10-1 2 feet. 

BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:WOUSATONWRGI I9PI. WPD 

Project Number: 201.97 
June 20,2000 



'2 REMARKS: 
1 Boring backfilled to to surface with bentonite. 

Analytical samples collected from 8- 10 feet and 10- 12 feet. 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATOMHRGI 19P2.WPD 

Project Number: 201.97 
June 20,2000 



BLASLAND, BOUCK & LEE, INC. 
File LD.:U:U-fOUSATOWRGl20PlfWPD 

Project Number: 20 1.97 
June 21,2000 



BORING ID: HR-GI-SB- 

DRILLING COMPANY: BBL DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
DRILLING METHOD: Direct Push Pinsfield, MA 
BIT SIZE: 1.5 Inch X 4 Feet 
RIG TYPE: Jackhammer SITE: Housatonic River 

STRATIGRAPHIC 
DESCRIPTION 

Boring terminated at 12.0 feet (961.92 feet) 

1 Boring backfilled to to surface with bentonite. 
1 Analytical samples collected from 2-4 feet and 6-8 feet (duplicate sample HR-GI-SB-DUP-I collected from 6-8 feet). 

BLASLAND, BOUCK & LEE, MC. 
File 1.D.:U:\HOUSATOMHRG120P2.WD 

Project Number: 20 1.97 
June 21.2000 



DESCRIPTIONS BY: Alex Marconi 

BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533063.35 
EASTING: 132753.66 SITE: Housatonic River 

STRATIGRAPHIC 
DESCRIPTION 

Brown fine SAND, trace Organics. 

Light gray-brown medium SAND and GRAVEL. 

Gray SAND and GRAVEL, odor. 

Boring terminated at 10.0 feet (962.92 feet). 

BLASLAND, BOUCK & LEE, TNC. 
File I.D.:U:WOUSATONWRG12I.WD 

Project Number: 201.97 
June 2 1,2000 



I REMARKS: 
Analytical samples collected from 2-4 feet ( 14- 16 inches from top of core). 

i 

BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:\FIOUSATOWRG122.WPD 

Froject Number: 201.97 
June 2 1,2000 



BLASLAND, BOUCK & LEE, RJC. 
File I.D.:U:WOUSATONWRG123.WPD 

Project Number: 201.97 
June 2 1,2000 



STRATIGRAPHIC 
DESCRIPTION 

BLXSLAND, BOUCK & LEE, MC. 
File !.D.:U:MOUSATOWRG201 PI .WPD 

Project Number: 20 1.97 
June 2 1,2000 



Page 2 of 2 

1 / 
/ 

r 

I 1 , '  

DATE STARTED: 61 1612000 
DATE FINISHED: 6/16/2000 
DRILLING COMPANY: BBI. 
DRILLING METHOD: Dlrect Push 
BIT SIZE: 1 5 Inch X 4 Feet 
RIG TYPE: AMS Power Probe 

BOREHOLE DEPTH: 14 0 Feet 

DESCRIPTIONS BY: Alex Marconi 

NORTHING: 533059 72 
EASTING: 132728 06 
GROUND ELEVATION: 977 01 

Brown-gray coarse SAND, some fine Gravel 

Bonng termmated at 14 0 feet (963 01 feet) 

I t I I I I 

I REMARKS: 
Bonng backfilled to to surface wlth bentonite ' 

Analytical samples collected frornl-6 feet 

I - 1 

BLASLAND, BOUCK & LEE, INC Project Number 201 97 

i Ftle 1 D U VIOUSATONU-IRGZOlP2 WPD June 2 1,2000 

i 

BORING ID: HR-G2-SB- I 

CLIENT: General Electric Company 
Ptttsfield, MA 

SITE: Housatonic River 
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STRATIGRAPHIC 
DESCRIPTION 

Dark brown coarse SAND and SILT, llttle fine Gravel, saturated 

12 0' (965 0 1') 
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Page 2 of 2 

STRATIGRAPHIC 
DESCRIPTION 

DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
Piasfield, MA 

BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533049.15 
EASTING: 1327 10.22 SITE: Housatonic River 
GROUND ELEVATION: 978.56 

Gray SILT and GRAVEL, saturated. 

Boring terminated at 14.5 feet (964.56 feet) 

I 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:\HOUSATONV1RG202P2.WPD 

Project Number: 201.97 
June 2 1,2000 
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I REMARKS: 
Bonng backfilled to to surface w ~ t h  benton~te 

I 
I 

BLASLAND, BOUCK & LEE, MC. 
! File l.D.:U:WOUSATONVIRG203Pl.WPD 
j 

Project Number. 201.97 
f une 2 1,2000 



DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 

BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533035.32 
EASTING: 132688.69 SITE: Housatonic River 

STRATIGRAPHIC 
DESCRIPTION 

Boring terminated at 14.5 feet (964.06 feet) 

B L A S W D ,  BOUCK & LEE, INC. Project Number: 201.97 
File I.D.:U:WOUSATOMHRG203P2.UiPD June 2 1,2000 



REMARKS: 
Boring backfilled to to surface with bentonite 

Analyt~cal samples collected from 12-14 5 feet 

J 

BLASLAND, BOUCK & LEE, INC. 
1 File I.D.:U:\HOUSATONRG204PI .WPD 

j 
Project Number: 201.97 
June 2 1,2000 



DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
DRILLING METHOD: Direct Push Pittsfield, MA 
BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 533 145.05 

EASTING: 132997.14 SITE: Housatonic River 
GROUND ELEVATION: 978.07 

STRATIGRAPHIC 
DESCRIPTION 

ight brown SILT, some gray-brown coloring. 

Light brown fine SAND and SILT, slight odor. 

Boring terminated at 14.5 feet (963.57 feet) 

BLASLAND, BOUCK & LEE, INC. Project Number: 201.97 
File I.D.:U:WOUSATOMHRG204P2.WPD June 2 1,2000 



REMARKS: 
; Boring backfilled to to surface with bentonite. 
i' Analytical samples collected kom 2-4 feet, 4-6 feet, 6-8 feet, 8-10 feet, 10-12 feet, 12-14 feet, and 14-16 feet. 

- 1 

! 
I 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:HOUSATONUIRG124P 1 .WPD 

i 

t 

Project Number: 201.97 
June 26.2000 



BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:WOUSATOMHRGl24P2,WPD 

1 \ 

1 

I 

I i 

Project Number: 201.97 
June 26,2000 

REMARKS: 
Boring backfilled to to surface with bentonite. 

Analytical samples collected from 2-4 feet, 4-6 feet, 6-8 feet, 8-10 feet, 10-12 feet, 12-14 feet, and 14-16 feet. 



BLASLAND, BOUCK & LEE, INC, 
File I.D.:U:\HOUSATOMHRG 125P1 .WPD 

Project Number: 201.97 
June 26,2000 



DESCRIPTIONS BY: Alex Marcon1 CLIENT: General Electrlc Company 

BIT SIZE: 1 5 Inch X 4 Feet 
RIG TYPE:AMS Power Probe SITE: Housatonlc River 

STRATIGRAPHIC 
DESCRIPTION 

Fine-coarse GRAVEL 

Gray fine GRAVEL some Sllt 

Brown medlum-coarse SAND and fine GRAVEL 

Borlng termmated at 16 0 feet (962 36 feet) 

BLASLAND, BOUCK & LEE, INC. 
File i.D.:U:WOUSATOWRGi25P2.WPD 

Project Number: 201.97 
June 26,2000 



Project Number: 20 1.97 
June 26,2000 
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BLASLAND, BOUCK & LEE, MC 
Ftle I D U WOUSATONiHRGI26PI WPD 

I 

1 

DATE STARTED: 612312000 
DATE FINISHED: 6/23/2000 
DRILLING COMPANY: BBL 
DRILLING METHOD: D~rect Push 
BIT SIZE: 1 5 Inch X 4 Feet 
RIG TYPE:AMS Power Probe 

Analyttcal samples collected from 8-10 feet, 10-12 feet, and 12-14 feet 

Page 1 of 2 
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REMARKS: 

BOREHOLE DEPTH: 16 0 Feet 

DESCRIPTIONS BY: Alex Marcont 

NORTHING: 
EASTING: 
GROUND ELEVATION: 978 01 

BORING ID: HR-GI-SB-26 

CLIENT: General Electrtc Company 
Pittsfield, MA 

SITE: Housatontc Rtver 

Boring backfilled to to surface wtth bentonite 
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STRATIGRAPHIC ' 
DESCRIPTION j 

Brown fine SAND 

1 0' (977 017 
Gray-brown fine SAND 

5 0' (973 01') 
Brown very fine-fine SAND 

6 0' (972 0 1') 
Gray SILT, some Clay 

8 0' (970 0 1') 
Gray SILT, some Clay and fine Gravel 

10 0'(968 01') 
Descrtpt~on conttnued on Page 2 



BLASLAND, BOUCK & LEE, MC. 

i 

i 

, File I.D.:U:WOUSATONWRG126P2.WPD 

i 
J 

REMARKS: 
Boring backfilled to to surface with bentonite. 
Analytical samples collected from 8-10 feet, 10- 12 feet, and 12- 14 feet. 

Project Number: 201.97 
June 26,2000 



DESCRIPTIONS BY: Alex Marcon1 CLIENT: General Electrlc Company 
Plttsfield, MA 

RIG TYPE: Manual Core Driver SITE: Housaton~c R ~ v e r  
GROUND ELEVATION: 966 94 

STRATIGRAPHIC 
DESCRIPTION 

Dark brown fine-coarse SAND and GRAVEL, contalns NAPL 

Gray SILT, some Clay, contalns NAPL 

Borlng termmated at 4 0 feet (962 94 feet) 

BLASLAND, BOUCK & LEE M C  
File I D U HOUSATON\HRGI27 WPD 

Project Number: 201.97 
June 26,2000 
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BLASLAND, BOUCK & LEE, WC. 
File I.D.:U:WOUSATOMHRG128.WPD 

i 
Project Number: 20 1.97 
June 26,2000 



BLASLAND, BOUCK 8: LEE, INC. 
File l .D. :U:WOUSATO~RGl3O.WD 

i 
i 

Project Number: 20 1.97 
July 6, 2000 



STRATIGRAPHIC 
DESCRIPTION 

i 
BLASLAND, BOUCK & LEE, MC. 
File I.D.:U:WOUSATON\WRGI3 1.WPD 

i 
i 

, 
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I 

Project Number: 20 1.97 
July 6,2000 

DATE STARTED: 6/30/2000 
DATE FINISHED: 6/30/2000 
DRILLING COMPANY: BBL 
DRILLING METHOD: Direct Push 
BIT SIZE: 1 5 Inch X 4 Feet 
RIG TYPE:AMS Power Probe 

20 0' 1958 63')' 
Dark brown coarse SAND, trace mediurnGravel 

I 

22 0' (956 63') 
I 
I Ol~ve-brown SILT and CLAY, trace coarse Sand and medium Gravel (TILL) 

Boring terminated at 24 0 feet (954 63 feet) 

Page 1 of 1 
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BOREHOLE DEPTH: 24 0 Feet 

DESCRIPTIONS BY: Alex Marconi 

NORTHING: 
EASTING: 
GROUND ELEVATION: 978 63 
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REMARKS: 

BORING ID: HR-GI-SB-3 1 

CLIENT: General Electric Company 
Pittsfield, MA 

SITE: Housatonic River 
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0- to 20-feet Not Sampled 



STRATIGRAPHIC 
DESCRIPTION 

Page 1 of 1 

Project Number: 201.97 
July 6,  2000 

, 
DATE STARTED: 6/3012000 
DATE FINISHED: 6/3012000 
DRILLING COMPANY: BBL 

I 

BOREHOLE DEPTH: 24 0 Feet 

DESCRIPTIONS BY: Alex Marcon] 

J BLASLAND, BOUCK & LEE, INC 
File I D U WOUSATOWRG205 WPD 

DRILLING METHOD: D~rect Push 

BORING ID: HR-G2-SB-5 

CLIENT: General Electrtc Company 

NORTHING: 
EASTING: 
GROUND ELEVATION: 977 06 

Pittsfield, MA 

SITE: Housaton~c Rlver 
BIT SIZE: 1 5 Inch X 4 Feet 
RIG TYPE:AMS Power Probe 
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0- to 20-feet Not Sampled 

20 0' (957 06')' 
Brown rnedlum-coarse SAND, trace fine-medlum Gravel, sllght odor 

22 0' (955 06') 
Ollve-brown SILT and CLAY, trace fine-coarse Gravel (TILL) 

Borlng terminated at 24 0 feet (953 06 feet) 
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Page 1 of 1 

DATE STARTED: 6/30/2000 BOREHOLE DEPTH: 24.0 Feet BORING ID: HR-G2-SB-6 
DATE FINISHED: 6/30/2000 

j DRILLING COMPANY: BBL DESCRIPTIONS BY: Alex Marconi CLIENT: General Electric Company 
/ DRILLING METHOD: Direct Push Pittsfield, MA ' BIT SIZE: 1.5 Inch X 4 Feet NORTHING: 

RIG TYPE:AMS Power Probe EASTING: SITE: Housatonic River 
GROUND ELEVATION: 978.43 

STRATIGRAPHIC 
DESCRIPTION 

Dark brown coarse SAND and medium GRAVEL, trace fine Sand. 

Olive-brown SILT and CLAY, little medium Gravel (T!LL). 

Boring terminated at 24.0 feet (954.43 feet) 

BLASLAND, BOUCK & LEE, INC. 
File I.D.:U:\WOUSATOMHRG206.WPD 

Project Number: 20 1.97 
July 6,  2000 



Attachment B 
BLASLAND,  B O U C K  & LEE, I N C .  
e n g f n e e r s  & s c f e n t l s t s  

Structural Calculations 



CALCULATION SHEET PAGE i OF % 
PROJECT NO 20187.071 

CLIENT: GE SUBJECT: Sheetpik Deslgn Catwlationa PREPARED BY: SM DATE: 715R000 
Case 1: Permanent Condk8on assumtng ( = 35 degrees REVIEWED BY: DATE. 

PROJECT: Cell G1 DNAPL Area. Upper la-Mik Reach of Housatonic Rwer 

TO cnlwlate the required embedment deplh, maumum moment, and sedton modulus for a sheetpile wall supporting a slope at elevstlon 975 (Us cornad) feet with a slope 01 
2H l V  with nvenMe a1 elevatlon 972 feet 

BEFERENCES 

1 NAVAFAC DM-7, Ma& 1871 

2 Das B M (1990) Pnnwples of Foundatton Englneenng 2nd Edlron. PWS-Kent Publehmg Company 

Soil mdwn angle. ( = 35 degree 
Soil unl welght. 7 = 125 pd 

Buoyant soil unlt weylht, f = 626 pd 
Unn welght of water = 62 4 pcf 

UIS wntad elevatton = 875 feet 
Groundwater ekivat~on = 975 feel 

Rwenide contad elevation = 872 feet 

Feure 1 -Net Pressure Dsgram - Pemenenl Case 
Plclte Refer to Fylure 5 ,  Cell 0 1  DNAPL Area - Proposed AdMtles tor appmxlmate locstton of the shcelp8le wall 

Attachment 1 - Phototoples of pages from Reference 2 
Attachemen! 2 - Photocop8es of pages from reference 1 
Atlachemen! 3 - Sle Geotechnlcal Informallon contalns borehole logs (EEL. June 2000). and tnterpreted top of tltl contours (GoMer, September 1998) 

WeU fridlon engk. 6 14 degree 
SOU MDITI~ Mdion angle, b 35 degree 
Siops angle on the rhmniba, f4 0 degree 

0 00 
-0 4 

Therefore, Kg = E(Kp for W4 = -1) 

0.81 radians 
0.48 rudlans 
0.24 radlans 

Slope of watl agains uefllcel, R 
Refer lo Sheet 3, Attachment 2 (Ref 1) 

Exposed wall height above water @Ma. L1 0 feet 

Location of rem net pressure. L3 = pZ!(y'̂ (KpKa)) 



CALCULATION SHEET PAGE 2 OF 
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L4L4 + AlfL4*3 - AZ-L4*2 -A3-L4 - A4 z 0 

By Tnai and error 

Equalon 
far 14 

-138 

Therefore. L4 3.8 feel I 
psf 

PSf 

feet 

Embedment depth. D = L3+~4  feel 

Sheetpile botoom eleval~an at FS =I feet 

increase embedment depth by 40 penant for FS = 2 0 feet 

Sheetprle maam elevatmn at FS = 2 o 965.66 feet 

Caiwlste manmum beMlong moment 

Locaton of maumum bendong moment, r' = ( z ' P ! ( ( K ~ K ~ ) ~  )*o 5) feel 

Mawmum bending moment, Mmax = P'(zl+z? - (0 5'1. '(z~"T(KpKa)yli3'r~ lbNR 
iblnA 

Requ~red SeUoon Moduius. S = Mmau'fb 
1"' 

Where. fb = 25 ksl for anowable stress an oy = 36 k s ~  steel 

I 
Ganchhm 
Far an WJ bank contau eievatan af 975 feet and the nveislde eievalmn af 972 feet, the rsgulrsd sheellno battam eievatlaoa ere ffi7.47 f7 for FS=l end 965.68 feet far FS=Z.O Therefore, use 985.5 
feet es h e  desgn boltom eievetan af the shesllng based an geatechnlcal conslderetrons 



p L  CALCULATION SHEET 
PAGE ' OF 'Z 

b7SII.r 
C..." l'.'.""", 

PROJECT NO 20197.071 

CLIENT: GE SUBJECT: Shedp~le Design Calculations PREPARED BY: SM DATE: 7/5/2000 
Case 2. Permanent Condillon assumkng ( = 30 degrees REVIEWED BY: - DATE: 

PROJECT: Cel Gl  DNAPL Area, Upper 10-Mlle Reach of Housatonic Rtver 

To cairnfate the regutred embedment depth, maumum moment, and sedton modulus lor a sheetpile waU suppartlng a slope at eievatkon 975 (uls conlad) feel wilh a slope 01 
2H:iV wlh "vende at elevalton 972 feet 

FmEmmEs 

1 NAVAFAC DM-7. March 1871 

2 Das. B M (1880) Pmaples of Foundatwn Englneenng 2nd Ednlon PWS-Kent PublBhmg Company 

Sod fndiin angle. ( = 30 degree 
Soil und welghl, y = 125 pcf 

Buoyant sot1 un# weight, f = 62.6 pcf 
una welgM ofwater = 62.4 pcf 

U/S comau elevaton = 875 feet 
Gmundwster elevsliin = 875 feet 

R~venkle canted elevation = 872 feet 

Flgure 1 -Net Pressure Diapmm - Permanent Csse 
&,& Referto Figure 6. Cell G1 DNAPL Area - Pmpased Adivittes, for appmxlmale locatnn of the sheelpile wall 

Anachment 1 - Photocopres of pages fmm Refsrence 2 
Anschement 2 - Photocopies of pages hom refarenee 1 
Atlachement 3 - Sle Geotechntcsl Informallon, conlatns borehole logs (BBL, June 2000). and interpreted top of 11U conloun (Gokler. September 1sSB) 

Refer lo Sheet 1, Atlachment2 (Ref 1) WaU fridron angle. 6 14 degree 
Sail Msrnsl6Won angle. + 30 degree 
S lop awb on the rhnnslde, B 0 degree 

0.00 

soil iMemal mdion anpb, 4 0.52 radtans 
Sbw a w b  on UHt uh sids, $ 0.46 redtans 
wan mdMn aegis, 8 0.24 redlans 

0 feet 
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I I~harsfore, L4 4.8 feet I 

CLIENT: GE SUBJECT: Sheetpile Deslgn Cahlalaons PREPARED BY: SM 
DATE: 71512000 

Case 2 Permanent Condnion assuming ) = 30 degrees REVIEWED BY: DATE: 
PROJECT: Cell G I  DNAPC Area, Upper It?-Mlle Reach of Housalonic R m r  

PSf 

PSf 

feet 

RsArences 

Embedment depth, 0 = L3+L4 feel 

Sheetplle botoom elevataon st FS = I  feet 

Increase embsdment depth by 40 percent for FS = 2 0 feet 

Sheetpale iwtwm elevat81lon at FS = 2 0 983 77 feet 

Calculate maximum bending moment 

Calculations Unit 

At = pSl(f '(KpKa)) 5 16 

A2 = 8'Pl(y' '(Kp - Ka)) 17-64 

A3 = B'P'(Tz7Y '(kpKa)+pS)l(f )"2'(KpKa)'2 71376 

A4 = P*B'zl'p5+4Pti((f )"Z'(KpKa)*2) 136 84 

L4*4 + AIsL4*3 - A2'L4A2 -A3'L4 - A4 = 0 

By Tnsl and ermr 

Equatlon 
for L4 

-288 

Locatton of manmum bending moment, z' = (z'PI((K~K~)~ )*o 5) fee 

Maumum bsnd~ng moment, Mmax = P'(zl+z? - (0.5'r'.(z)"2.(KpKa))*il3'r. 1813 IbfVR 

Ib.,"/fl 

Requhnd Sedmn Modulus, S = MmaxA, rn3 

Where. (b = 25 kslfor allowable stress on oy ii 38 ksi steel 

I 

For an Ws bank contad elevmlon of 875 feet and the nwnvte elevatlon elevatlon of 972 feet. the raqutred sheellng bottom elevatmna am BB8 12 n for FS=I and 983 77 feet for FS=2.O Therefore, 
me 983 M feel as the deslpn boIIOm elevation of the sheet~ng based on geolechnicel considemlions 
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I IoRK AREA 

PROPOSED ADDITIONAL EXCAVATION 
AREA TO MAXIMUM DEPTH OF 4' 

SHEETING BASED ON VISUAL OBSERVATIONS 4 CROSS-SECTION LOCATION 

NOTES: 
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3 Csntilewr Shber Riing Penevming Sandy Soils 

Figure 6.6 Canrilever shfar pile penexrating sand 

T h e  follou5ng sections (Sc:dons 6 . 3  through 6.6) present thc  mathe- 
marical fomularion of rht analysis of cantiIevcr sheet pile walls. Nore thst, 
in somc suucrures, the warer level may Auctuatc as the resul; of 
rida! cffccrs. C a r e  should be =ken in dmemining rhc  water level that will 
affccr t h e  net prcssurc diagram. 

Canti lever S h e e t  Piling Penet ra t ing  
Sandy Soils 

T o  develop the relationships for t h e  proper depth of embedment of shccr. 
piles d r i v m  in to a granular soil, we refer to Figurc 6.7a. The soil W e d  by 
thc sheet piling above the dredge linc is also sand. The wawr table is l-red 
at a depth of L ,  bclow the cop of t hc  wall. Let the anglc of fricrion of chc 
sand bc 9. The intensity of thc active pressure at a depth z = L ,  can bc . . 
gtven as 

where K, = Rankinc acdve pressure coefficient = ranf (45 - (bi2) 
y = unit wcighr of soil above the water table 

Similarly, the active prcssure at a depth of ,p = L, + L ,  (that is, at the 
lcvcl of the drcdge line) is equal ro 

n PI = ( Y L ,  + y'L,)K, 

where y' = effmivc unjt weight of soil = y,,, - y, 

NOKC r h a r ,  at rhc lwel of the dredge linc, the hydrostatic pressures from 
boch sides of thc  wall arc of the same magnitude and canccl ea& orher. 



r'l 
' 2 / 2 4 / 9 9  WED 10:19 FAX 7343321212 LIMNO-TECH 
' FEE-24-1999 ffl:19 B k R S J W D s  MJUCK 8 LEE --, 

[i4 008 
-- --.. - .  - - - - .  . - - 315 449 4111 P.BB/B8 

\ 

Hence, combining Eqs. (6.3) ~d @.4), rhe na btcraf prcssurc am be 
obcained as 

I 

t! 1 whcrc'K, = hakine passive pru?;ure adlidear = tan2 [45 + 612) 



. j  Cantilever Sheet Piting PcnetraGn~ Sandy Solis 

The nct pressure, p, bccomer equal to 2cm at 2 depch L3 below the dredge 3 /Q 

pz - y ' ( t  - I-XK, - K,) = 0 

or 

From the preceding cquarion, it is apparent that the rlopc of che net pra- 
surc distribution line DEF is 1 v c m d ~ t o  (I(, - K,)y' horizontal. So, ir! the 
pressure diagram 
- 

7 H B  = 9, = L.(K,, - KJI. $ 
At thc b o m  of rhe shcer pile, passi\?e pressure@$ acts from rhe r i sh r  

coward thc lcfi side, and active pressure a c u  from the left toward the righr 
side of t he  sheer pilc. So, at z = L -t D a (f 

p, = (yL, + 7'L2 + r1D)KP 

At rhe s a c  depth 

P, = r'DK, 

Hence, the ner l a t d  pressure ar the bottom of the sheet pilc is equal to 

P, - P. = P' = (YL, + y't,)X, + Y'/L)(X, - K 3  

1 = (YL ,  + r'L2)K, + y'L,(EC, - K,) + Y'L,(K, - 1(,1 
= ps + Y'L+(K, - K,) (6.10) 

, ' 

where P, = (7L, + y'Lz)K, t y'L,(K, - K,) 
'? D = L, + L, 

For rhe  snbiliry of the wall, thc principles of sntics can now be 
applied; or 

?7 horizontal forces per unit length of wall = 0 6 
and 

For summarion of the horizontal forces, 

area of the pressure dia- ACDE - arta of EFHB 

+ w a o f F H B G = O  

n or 

. _ ! #  p- YLI~PIL‘ + IIILd*, + P') = 0 

where P = area of the pressurc diagram ACDE 

. . 



336 a p r r  E SHEET PILE WALLS 
J'. ! 

Su.n.mi.ng the moment of all the forces about point B I 

From ~ q .  (6.13) i 

Combining Eqs. (6.7), (6.10), (6.14), and (6.15) and simpUyi.ng them - - 

funher, one obtains the fol1aw.ng fourrh-degree equadon in terms of L , .  

(6.16) 

whac 

Step -b y -Step P/ocedu?8 for Obtaining 
the Pressure Diagram 

Based on the preceding theory, the srcp-by-step procedure for obtaining rhe 
pressure diagram for a cantilcvcr sheet pile wall pcnctrating a granular soil is 
as follows: 

1 .  C3lculate K, and K, . 
2. Calculatep, E q .  (6.1)] and p, (Eq. (6.213. Norc: L, and L, will be 

given. 
3. Calculate L, [Eq. (6.6)]." 
4. Calculate P. 
5. Calculate 3 (that is, t4e ccntcr.of prcssurc for thc arca ACDE) by 

raking thc morncnr about E. 
6. Calcularc p S  [Eq. (6.1 I)]. 
7. Calculate A,, A2 ,  A, , and A, P q s .  (6.17) to (6.20)]. 
8. Solve Eq. (6.16) by trial and error to determine L, . 
9. Clllcularc p, CEq. (6.10)J. 

... - . . .. . - - . .  -.I--..-.-. . - ._ . . .  .-- -. 

- - . . - - - - -  _ _  .._. . ._ 
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q -  -- -70: Caiculxe-p,-fEq. (6.7)): . ---  - - - .-- . . --. - -  - - - - 
11, Obrain L1 from Eq. (6.15:. 

.- -, 12. Now the pressure disuibution diagram as shown in Figure 6.71 can 
h- - 

.--- --  -- ___  -.-..- 
casiiy be drawn, -.-- --.--- -- - --.- _._-- _ _ _  _ _  - - 

I I 
13. Obrain the rhcorcrial depch @q. (6.12)] of pcnccration 3s L, + A!., 

1 

The actual dcpth of ~eneuacion is incrcaxd by about 20-30%. 

n Nore: Some designers prcfcr to use a factor of safety on thc passive 
car& prcssurt: c o ~ ~ c i c n r  ar thc hcginning. In  that a r c ,  in Step 1 

whcre FS = factor of safcty (usually between 1.5 ro 2) 

fl For chis type af analysis, follow Steps 1 through 12 wich the value of 
K, = tan2 (45 - &/2) and K#,,,,, (insread of K J .  The actual dcptb of pen- 
cuanon can now be dc t adned  by addiag L,, obtaincd from Step 3, and u LA, obtained from Sccp 8. 

Calculation of Maximum Bending Momenr 
ma 

The n a m e  of variarion of rhe moment diagram for a cantilever shccr pilc 
wall is s h o r n  in Figure 6.7b. ?he maximum mornenr will occur bcnvccn r h c  
points E and F. T o  obcain rhe ~ . c i m u m  momenr (M-) per unit lengrh of 

tS1 che wall, onc must determine rhc point of zero shear. Adopring a new axis z' 
(with origin at poinc E) for zcro shear 

Once the poinr of zero shcar farce is detennincd (point F in Figurc 
6.7a), the magnirude of the maximum moment can be obtained as 

w 

The sitrng of the necasary prodlc of rbc s h e e r  piling is rhcn made accordmg 
ra the allowable flexural m e s s  of the s h m  pile material, or 



& 6 SHEET P-<??&L's ':= 
whcrc S = section modulus of the sheer pile rcquirtd per unit keng&of rhe 

~ Z N C N C ~  

a,,, = allowable t3exur;ll s u a s  of the sheet pilc 

I Refer to Figure 6.7. Fw a andlrvs; s h e (  pilc wall pcn&dng r -ulv soil, 
given: L, = 2 m, L1 = 3 m. The granular soil has rhc fallawing propertics : t 

E 
d, = 32" 
c = o  

]t = 15.9 kX/ml 

y,, = 19.33 Wlm' 

Makc rhc neccsxuy calculations to dacrminc the theorctial and rcnuf depth of 
pcnctrarion. Alto dcrcrminc the miminum size of sheet pitc ( s d o a  modulus) 
ncocJsary. 

Solution 

The srep-by-ncp procedure givcn in Sccrjm 6.3 will bc followcd here. - I step 1 

Sup 2 

p ,  = ;rL,K, = :15.9)(2;(0.307) = 9.763 klljrnl 

2, = (7L, + paL,)K, = [(15.9)(2) t (19.33 - 9.31)3]0.307 
= 18.53 Wima 

Sup 4 

p = Yfl,L, + P,L, + %@* - P,W, + 'IZPZL, 
= '/,(9.763)(2) + (9.763)(3) + '/2(18.53 - 9.763p + yl(18.53)(0.66) 
= 9.763 i- 29.289 + 13.151 + 6.1 15 = 53.32 kNim 
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Srcp 7 

A ,  = P 1 - 214.66 = 7.66 
y'(K, - K,) - (9.52)(2943) . 

' I Sup 8. Fmm Eq. (6.16) 
,. 1 i 

L: + 7.661,: - 16.65L: - 151.39L4 - 230.72 = 0 

The foI1owing ablc show rhc d u d a n  of the prcccdiog quadon by m a l  and enor. 

So, L, z 4.8 m 

Stcp 9 

PI = PS + Y'LJK, - KJ 
= 214.66 + (9.52X4.8X2.943) = 349.14 kN/m2 

Stcp 10 

I Step 12. Tbc ncr pressure dismbudon d i a m  a n  noa bc draw, ps shorn in 

f l  
Figure 6.7e 
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I Size of Sheet Piling / .* 7 ..- . - 
?- i 

Chmrw 6 SHER 'PILE WALLS 

( d=J=7cp- ' ( K  - K 9.52(2,943) = 2 , m m  

1 From Eq. (622) 

6.4 Special Cases for Cantilever Wall 
(Penetrating a Sandy Soil) 

-2 
Following are rcvo special cases af the mathematical formulatian shorn in d 

J 

Seaion 6.3. \ 
1 
3 

Case 7 : Sheet Pile Wall with the Absence 
of  Water Table 

In the sbsence of the warn table, the net pressure diagram on rhe c;mtilever 
sheet pile wall wil l  be as shown in Figure 6.8, which is a modified version of 
Figure 6.7. Far this figure 
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U l t i m a t e  F r i c t i o n  F a c t o r s  and  Adhesion f o r  M s s i m i l a r  Haterials 

I n t e r f a c e  l u t e r i a l s  

Hass c o n c r e t e  on t h e  f o l l o w i n g  f o u n d a t i o n  m a t e r i a l s  : 
Clean  sound rock... . . . . . . . . . , . . . . . . . . . . . . . . . . .--.- 
C l e a n  g r a v e l ,  g r a v e l - s a n d  m i x t u r e s ,  c o a r s e  sand.. .  
C lean  f i n e  t o  medium s a n d ,  s i l t y  medium t o  c o a r s e  .................... s a n d ,  s i l t y  o r  c l a y e y  g r a v e l  
Clean f i n e  s a n d ,  s i l t y  o r  c l a y e y  f i n e  t o  medium. 

sand. . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . .  
F i n e  sandy s i l t ,  n o n p l a s t i c  silt.................. 
Very s t i f f  and h a r d  r e s i d u a l  o r  p r e c o n s o l i d a t e d  

c l a y  ............................................ 
Hedium s t i f f  and  s t i f f  c l a y  and s i l t y  clay. . . . . , , .  
(Masonry on f o u n d a t i o n  m a t e r i a l s  h a s  same f r i c t i o n  

f a c t o r s .  ) 
S t e e l  s h e e t  p i l e s  a g a i n s t  t h e  f o l l o w i n g  s o i l s :  

C lean  g r a v e l ,  g r a v e l - s a n d  m i x t u r e s ,  well-graded 
r o c k  f i l l  w i t h  s p a l l s  ........................... 

Clean  s a n d ,  s i l t y  sand-grave l  m i x t u r e ,  s i n g l e  s i z e  
h a r d  rock f i l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -  

S i l t y  s a n d ,  g r a v e l  o r  sand mixed w i t h  s i l t  o r  c l a y  
Fine  sandy s i l t ,  n o n p l a s t i c  silt.................- 

Formed c o n c r e t e  o r  c o n c r e t e  s h e e t  p i l i n g  a g a i n s t  t h e  
f o l l o w i n g  s o i l s :  

C lean  g rave  1, g r a v e l - s a n d  m i x t u r e ,  well-graded ........................... r o c k  f i l l  w i t h  s p a l l s  
C lean  sand ,  s i l t y  sand-grave l  m i x t u r e ,  s i n g l e  s i z e  

ha rd  rock f i l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S i l t y  s a n d ,  g r a v e l  o r  sand mixed w i t h  s i l t  o r  c l a y  
F ine  sandy s i l t ,  n o n p l a s t i c  silt......-........... 

V a r i o u s  s t r u c t u r a l  ina t e r i a l s :  
Xasonry on masonry,  igneous  and metamorphic r o c k s  : 

Dressed  s o f t  rock  on d r e s s e d  s o f t  r o c k -  ......... 
Dressed h a r d  r o c k  on d r e s s e d  s o f t  rock. . . . . . . . , ,  
Dressed  h a r d  r o c k  on d r e s s e d  hard  rock... . . . . . , .  

Yasonry on wood ( c r o s s  g r a i n )  ..................... 
S t e e l  on s t e e l  a t  s h e e t  p i l e  i n t e r l o c k s . . . . . . . . . . .  

I n t e r f a c e  Ha t e r i a l s  (Cohes ion)  

Very s o f t  c o h e s i v e  s o i l  ( 0  - 250 p s f )  
S o f t  c o h e s i v e  s o i l  (250 - 500 p s f )  
Hedium s t i f f  c o h e s i v e  s o i l  (500  - 1000 p s f )  
S t i f f  c o h e s i v e  s o i l  (1000 - 2000 p s f )  
Very s t i f f  c o h e s i v e  s o i l  (2000 - 4000 p s f )  

F r i c t i o n  
f a c  t o r ,  

t a n  6 

0-70  
0.55 t o  0 .60 

0 - 4 5  t o  0.55 

0.35 t o  0 .45 
0.30 t o  0.35 

0.40 t o  0.50 
0 - 3 0  t o  0.35 

0.40 

0.30 
0.25 
0.20 

0.40 t o  0.50 

0 .30 t o  0.40 
0.30 
0.25 

0.70 
0 -65  
0.55 

- 0.50 
0.30 

Adhesion Ca ( p s f )  

0  - 250 
250 - 500 
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F Z G C R E  6 
Act i v e  and Pass ive Coefficients with Wall Friction 

(Sloping Backfill) 



K, VALUES ARE S A T I S F A C ~ R Y  FOR 6 4  + / 3  B U ~  ARE UNCONSERVATIVE R X ~  8 ) + / 3  AND 
THEREFORE SHOULD NOT BE USED. 

I 1 

FIGURE 8 

C o e f f i c i e n t s  KA and  Kp f o r  Walls wi th  S l o p i n g  Wall a n d  
F r i c t i o n ,  and S l o p i n g  B a c k f i l l  
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BOREHOLE DEPTH: 24.0 Feet 

DESCRIPTIONS BY: Alex Marconi 

NORTHING: 
EASTING: 
GROUND ELEVATION: 978.37 

BORING KD: HR-GI-SB-30 

CLIENT: General Electric Company 
Pittsfield, MA 

SITE: Housatonic River 
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STRATIGRAPHIC 
DESCRIPTION 

0- to 18-feet: Not Sampled. 

18.0' (960.37') 
Olive-gray fine SAND and SILT, trace coarse Sand and fine Gravel (TILL). 

22.0' (956.37') 
Olive-gray fine SAND and SILT, trace coarse Sand and fine-medium Gravel 
(TILL). 

Boring terminated at 24.0 feet (954.37 feet) 
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GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASSACHUSETTS 

BUILDING 64-W AREA SOURCE CONTROL 

SUMMARY OF GROUNDWATER MODELING 

Introduction 

The publicly available and well-documented Visual MODFLOWT" program was used for the groundwater 
modeling effort associated with the Building 64-W Area Source Control activities. Visual MODFLOWm is 
a proprietary pre- and post-processing program (Waterloo Hydrogeologic, Inc., 1996) formulated to allow 
quick and efficient model setup and graphical presentation of model results for the MODFLOW, MODPATH, 
and MT3D groundwater programs. MODFLOW is a three-dimensional groundwater flow model developed 
by the USGS to simulate groundwater movement (McDonald, M. G. and A.W. Harbaugh, 1988). MODPATH 
is a three-dimensional advective particle tracking program designed for use with MODFLOW steady-state flow 
simulations. MODPATH was also developed by the USGS (Pollack, D. W., 1989). MT3D is a three- 
dimensional solute transport program developed by S. S. Papadopolus & Associates, Inc. (Zheng, C., 1992) 
for use with programs such as MODFLOW that accounts for advection, dispersion, and chemical reactions. 
For this model application, only MODFLOW and MODPATH were applied. 

Model Setup 

The area subject to modeling extends in a north-south direction from East Street to the Housatonic River. In 
the east-west direction, the model extends from, and includes, the East Street Area 2 - South recharge pond 
westward to just east of the Buildings 63/65. Portions of the model grid (Figure 1) that extend beyond these 
model boundaries (i.e., south ofthe Housatonic River) are set as inactive and are not incorporated in the model 
calculations. The model grid is designed with 188 rows, 268 columns, and 3 layers (Figure 1). 

Horizontally, the grid spacing is a uniform 5 feet in the X and Y directions. Vertically (2 direction), Model 
Layer 1 is 13 feet thick, and Model Layers 2 and 3 are each 10 feet thick. There is no differentiation between 
the different geologic deposits encountered above the till. Since the till has a substantially lower hydraulic 
conductivity than the overlying fill and alluvium, the top of till surface has been modeled as the impermeable 

- base of the model. For most of the model domain, this impermeable surface is the base of Model Layer 3, 
which was set at an elevation of 955 feet. This includes the Building 64-W area and the location of the 
proposed sheetpile wall. In the northern and central portion of the model domain (where the top of till is 
observed at higher elevations), this impermeable till surface is the base of Model Layer 2, which was set at an 
elevation of 965 feet (Figure2). 

The input data required for the model includes stratigraphic, groundwater elevations, and hydraulic properties 
for each layer, estimates regarding the amount of water entering and leaving the hydrogeologic system, and 
the description ofthe model boundary conditions. Much of this input was duplicated from the East Street Area 
2 - South model and the Lyman Street model, and supplemented with data from borings and monitoring wells 
within the modeled area. 

Layer hydrostratigraphic elevations were chosen to discretize the fill and alluvial materials between ground 
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surface elevation and the top of ti11 elevation between Building 64-W and the East Branch of the Housatonic 
River. The top ofLayer 1 was set at 988 feet amsl and the base of Layer 3 was set to an elevation of 955.0 feet 
amsl. 

Based on the East Street Area 2 - South model, and site geologic logs, the top of till is a sloping surface (from 
north to south), with till elevations range from 940.0 feet amsl along the Housatonic River to 970 feet amsl 
closer to East Street. A sloping till surface was not used in this model partly due to time constraints and the 
lack of sensitivity to a sloping till surface that was demonstrated in the East Street Area 2 - South model. 
However, and as indicated above, a portion of Model Layer 3 was inactivated (made impermeable) in those 
areas where the till elevation was greater than the elevation of the top of Layer 3 (Figure 2). 

The horizontal hydraulic conductivity for all the saturated overburden materials above the till was set to 2 x 
lO'*cm/sec (56.7 feetlday) and the vertical hydraulic conductivity was set 10 times less. This approach and 
hydraulic conductivity values were the same as used in the East Street Area 2 - South model. The model 
boundary conditions include recharge, the Housatonic River, the recharge pond, the till, and regional 
groundwater flow lines. 

Recharge due to precipitation was set to 10 inches per year based on the previous modeling efforts. The 
eastern and western model boundaries were impermeable or 'no flow' boundaries presumed to corresponci with 
groundwater flow lines. The till also was modeled as a no flow boundary on the bottom and northern side wall 
of model. Constant heads were used to represent the Housatonic River with the river stage held constant at 
971.6 feet amsl all along the southern edge of the model, which was the high stage value used in the Lyman 
Street model prepared by HSI GeoTrans (1999). Constant heads were also set along the northern model 
boundary in Layer 1 to allow upgradient inflow of groundwater. This line of constant heads was set at 979.5 
feet amsl, generally parallel to the 980.0 foot contour shown on the April 1998 groundwater elevation contour 
map. The recharge pond was simulated with a lower permeability pond bor;om. The elevation of the recharge 
pond was set to 983.0 feet amsl and the bottom of recharge pond (set as 3 feet thick) was assigned conductance 
values ranging from 225 feet'lday. This conductance value is reflective of a vertical hydraulic conductivity 
of approximately 28.35 feetlday (1 x 1W2 cm/sec) applied across the area of each grid block. 

Additional boundary features incorporated into the model include the existing recovery wells and the proposed 
sheetpile wall. The well was set at the location shown on the site map. The wells included in the model and 
the pumping rates used for each well are as follows: 

Well ID Pumping Rate 

64s 25 gPm 
RW- 1 (S) 20 gPm 
RW-1 (X), RW-2(X), 64X(W) 20 gpm 
combined 

The actual pumping rates for RW-l(X), RW-2(X), 64X(W) were combined and then half that amount was 
input into the model (assuming symmetry) as a single well since these recovery wells are all along the models 
eastern boundary. Standard vertical tubular well designs were used for all the pumping wells. 
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The proposed sheetpile wall was incorporated with the MODFLOW wall option. The sheetpile wal1,was 
placed across all three model layers, and wing walls were incorporated. The width of the sheetpile wall was 
0.021 feet (0.25 inches) and the hydraulic conductivity was set at 1 x cmlsec (0.00000284 feedday). 
Figures 3 and 4 shows the simulated sheetpile wall configuration. 

A limited calibration was implemented since calibration ofthe East Street Area 2 - South model already helped 
identify appropriate hydraulic input parameters. The model was calibrated to approximate the April 1998 
ground water elvation contours primarily by adjusting the recharge pond elevation (from 984 to 983 feet amsl), 
by removing a portion of Model Layer 3 to represent areas with higher till elvations, and slightly adjusting the 
pumping rates of RW-1(S) and combined the RW-l(X), RW-2(X), and 64(X)W wells. The pumping rate of 
these simulated wells were reduced by 5 gpm (from 25 to 20 gpm) because the higher pumping rate dried out 
the grid blocks where the wells were located. 

Preliminary analysis of the mounding potential following sheetpile emplacement is that the ground water north 
of the sheet pile wall would mound by approximately 0.5 feet. This mounding has the potential to divert 
ground water flow around the wall. The mound, and ground water flow around the sheetpile wall could be 
averted by pumping ground water immediately north of the wall at a rate of approximately 10 gpm. The pre- 
sheetpile wall groundwater ("calibrated") contours elevations are shown on Figure 5. The post-sheet pile wall 
ground water elevation contours are shown on Figure 6. The increase in the ground water elevation 
(mounding) due to emplacement of the sheetpile wall is shown on Figures 7 and 8. 

I -%a 
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, Figure 1 - Model finite-difference grid 

' Blasland. Bouck & Lee. Inc. Visual -MODFLOW v.2.8.2. ( C )  1995- 1 9 0 0  

Project: 6 4 ~ 2 0  GE 1/2->file Reach Waterloo Hydrogeologic, Inc. 
Description: Finite-Difference Grid S C :  268 1-R: 1 8 8  SL 4 

11 Jul 00 Current Layer: 2 

i 



. ' 
I Figure 2 - Model Layer 3 inactive zones representing areas of  higher till elevations I 

I 
I Elasland. Eouck & Lee. Inc. V~sual -MODFLOW v.2.8.3. (C) 1995-1990 

Project: 6 4 ~ 2 0  G E  1/2-Mile Reach Waterloo Hydropeolog~c. Ir-c 

I Descrlptlon: Layer 3 Inactlve Zone I TC: 268 SR: 1 6 8  XL 4 
1 11 Jul 00 / Current Laver: 3 



Figure 3 - Simulated sheet pile wall 

I 
! Blasland. Bouck & Lee, Inc. 1 Visual MODFLOW v.2.8.2, (C)  1995-1999 

i ' Project: ti4W21 - GE l/2-Mile Reach 
I 

Waterloo Hydrogeologic. Inc. 
: Description: Simulated Sheetpile Wall xC: 268 NR: 188 NIL 4 

/ 11 J U ~  00 j Current Layer 2 



Figure 4 - Close-up of simulated sheet pile wall 

B l a s l a n d .  B o u c k  & L e e .  I n c .  1 V i s u a l  MODFLOW v.2.8.2.  (C) 1 9 9 5 - 1 9 9 9  1 P r o j e c t :  64WZ1 - GE 1/Z-Mi le  R e a c h  i ' W a t e r l o o  H y d r o g e o l o g i c .  I n c .  
, D e s c r i p t i o n :  S i m u l a t e d  S h e e t p i l e  Wall  XC: 268 NR: 188 NL. 4 

! 1 1  J u l  00 C u r r e n t  Layerr 2 

I 
I 

1 



Figure 5 - Simulated pre-sheet pile wall groundwater elevation contours 

I 

I Elasland. Bouck & Lee. Inc. i Visual MODFLOW v.2.8.2. (C) 1995-1999 

Pro~ect: 6 4 ~ 2 0  GE 1/2-Mile Reach / Waterloo Hydrogeologic. Inc. 
/ Descriptzon: Pre-Wall G W  Contours SC:  268 N R  168 PU-L: 4 

I 11 Jul 00 
I 

Current Layer: 2 



Figure 6 - Simulated post-sheet pile wall groundwater elevation contours 

B l a s l a n d .  B o u c k  & Lee, I n c .  / V i s u a l  MODFLOW v.2.8.2.  ( C )  1 9 9 5 - 1 9 9 9  I 
I ! 

I 
P r o j e c t :  64W21 - GE l /2 -Mi l e  R e a c h  W a t e r l o o  H y d r o g e o l o g i c .  I n c .  
D e s c r i p t i o n :  P o s t - W a l l  G W  C o n t o u r s  h*C: 268 N R  1 8 8  NL: 4 I I 

1 1  J u l  00 j C u r r e n t  Layer? 2 1 



I n Figure 7 - Simulated groundwater elevation increase (mounding) due to emplacement of sheet I j 

I pile wall I 

I 
1 E l a s l a n d .  B o u c k  & Lee. I n c .  I V x s u a l  MODFLDW v .2 .8 .2 .  (C) 1 9 9 5 - 1 9 9 9  

/ P r o j e c t :  6 4 W 2 1  - GE 1/2-Mxle R e a c h  i W a t e r l o o  H y d r o g e o l o g x c ,  I n c .  I 

Description: . M o u n d i n g  D u e  to Wal l  268 NR: 1 8 8  NL 4 

1 1  J u l  00 C u r r e n t  Layerz 2 
1 
I 

I 



Figure 8 - Close-up of simulated groundwater elevation'increase (mounding) due to emplacement 
of sheet pile wall 

Blasland. Bouck & Lee. Inc. / Visual MODFLOW v.2.8.2. ( C )  1995-1999 

Project: 64W21 - GE 1/2-Mile Reach Waterloo Hydrogeologic. Inc. 

Description: Mounding Due to Wall xC: 268 h-R: 188 xL: 4 

11 Jul 00 Current Layer: 2 

j 
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