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Dear Mr. Olson: 

Enclosed is a document titled Results of Cell JI DNAPL Investigation and Proposal to Address Presence 
of DNAPL in Cell J I .  This document presents the results of recent investigations and excavations to 
delineate the extent of dense non-aqueous phase liquid (DNAPL) encountered in Cell J1 during the Upper 
%-Mile Reach Removal Action. This submittal additionally sets forth General Electric Company's 
(GE's) proposal and schedule for further response actions to address the DNAPL encountered in the 
upstream and downstream portion of Cell J1. In general, this proposal involves additional excavation and 
installation of a new sheetpile barrier wall and DNAPL monitoring/recovery wells. 

Please feel free to call me with any questions. 

Sincerely, 

Andrew T. Silfer, P.E. / 

GE Project Coordinator 
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GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHWSETTS 
UPPER %-MILE REACH REMOVAL ACTION 

RESULTS OF CELL J1 DNAPL INVESTIGATION AND 
PROPOSAL TO ADDRESS PRESENCE OF DNAPL IN CELL J1 

On October 22, 2001, during the performance of remediation activities in Cell Jl ,  representatives 
of the General Electric Company (GE) visually observed a small amount of dense non-aqueous 
phase-liquid (DNAPL) of unknown composition in sediment in the downstream portion of that 
cell. The observation was reported to the National Response Center (NRC), the U.S. 
Environmental Protection Agency (USEPA), and the Massachusetts Department of 
Environmental Protection (MDEP). A sample of that DNAPL was obtained on October 26, 200 1 
(J 1 -NAPL-L 1) and analyzed for polychlorinated biphenyls (PCBs), volatile organic compounds 
(VOCs), and semi-volatile organic compounds (SVOCs). The results indicated the presence of 
polychlorinated biphenyls (PCBs) at 83,000 parts per million (pprn), chlorinated benzenes, 
including chlorobenzene at 1,200 ppm, and 1,2,4-trichlorobenzene at 41,000 ppm, and polycyclic 
aromatic hydrocarbons (PAHs), such as acenaphthene at 8,200 ppm, anthracene at 5,000 ppm, 
benzo(a)anthracene at 3,200 ppm, benzo(a)pyrene at 2,500 ppm, benzo(b)fluoranthene 1,700 
ppm, indeno(l,2,3-cd)pyrene at 690 ppm, naphthalene at 550 ppm, phenanthrene at 22,000 ppm, 
and pyrene at 14,000 pprn (see Table 1 for a complete list of detected constituents). Based on the 
analytical results, the chemical composition of this downstream DNAPL is indicative of a 
PCBIcoal-tar DNAPL mixture. Following receipt of analytical results, another sample of the 
DNAPL present in the downstream portion of Cell J1 (Jl-BERK-L1) was split with Berkshire 
Gas on November 2, 2001. The results further confirm the general chemical composition of this 
DNAPL (see Table 1 for a complete list of detected constituents). 

Following discovery of DNAPL in the downstream portion of Cell JI, sediment removal 
activities were continued in the upstream part of Cell J1 in accordance with the Upper %-Mile 
Reach Removal Action Work Plan (Work Plan) with the intent of completing those activities and 
then attempting to excavate the DNAPL-impacted sediments in the downstream portion of the 
cell. Soil and sediment removal activities (to the limits identified in the Work Plan) in Cell J1 
were completed during the last week in October. 

On October 3 1,2001, during continuing removal activities in Cell J1, GE representatives visually 
observed an additional area of DNAPL of unknown composition in sediment in the upstream 
portion of Cell J1. The observation was reported to the NRC, EPA, and MDEP. A sample of this 
DNAPL was obtained on November 1,2001 (Jl-NAPL-L2) and analyzed for PCBs, VOCs, and 
SVOCs. The results indicated the presence of PAHs, such as acenaphthene at 170 ppm, 
anthracene at 660 ppm, benzo(a)anthracene at 350 ppm, benzo(a)pyrene at 260 ppm, 
benzo(b)fluoranthene 200 ppm, phenanthrene at 2,100 ppm, and pyrene at 1,000 pprn (see Table 
1 for a complete list of detected constituents). Neither PCBs nor VOCs were detected in this 
sample. Based on the analytical results, the chemical composition of this upstream DNAPL is 
indicative of a coal-tar DNAPL. 

During sediment excavation activities in Cell J1, a sewer siphon pipeline was encountered at the 
bottom of the excavation near midcell. This siphon provides a reference point for the distinction 
between the upstream coal-tar DNAPL and the downstream PCBIcoal-tar DNAPL mixture. 



GE, with verbal approval from the EPA, initiated excavation activities to attempt to remove the 
DNAPL-impacted materials. On November 2, 2001 GE first implemented an investigation 
program, at the request of EPA, to further delineate the extent of DNAPL-impacted materials. 
This investigation program included the installation of six borings, excavation of test pits, and 
performance of shake tests on stained soils. These investigations as well as visual observations of 
the presence of DNAPL were used to guide the extent of excavation in the river bottom and at the 
toe of the bank. These excavation activities resulted in the excavation to an approximate depth of 
4 to 5 feet in the bottom of the river within the majority of Cell JI (i.e., approximately 2 to 3 feet 
deeper than the initial Work Plan limits). This excavation has led to the removal of 
approximately 700 cubic yards (cy) of material; however, an area of DNAPL-impacted soils was 
still observed in the north bank of the upstream portion of the cell and the vertical limits of 
DNAPL-impacted materials in the river bottom both upstream and downstream of the siphon 
pipeline were not reached. 

At the request of EPA, in an effort to determine the depth to a grey fine sand layer, which appears 
to be acting as a confining layer within the river bottom, and in order to determine the depth of 
potential additional excavation, GE installed seven additional borings in the river bottom on 
November 15, 2001. Between November 17 and 20, 2001, GE installed two additional soil 
borings at the toe of the bank to determine the depth to till for use in designing a source control 
barrier wall for the coal-tar DNAPL present in the bank in the upstream portion of the cell. 
Details pertaining to the investigation program and results of investigative borings and test pits 
installed in Cell J1 are discussed in Section 11. Sections 111 and IV present GE's proposal to 
address the DNAPL-impacted materials. Section V provides information pertaining to proposed 
future monitoring activities and Section VI presents the proposed schedule. 

11. SUMMARY OF DNAPL INVESTIGATION AND RESULTS 

On November 2, 2001, six soil borings were installed along the riverbed within Cell J1 (J1-SB-1 
through JI-SB-6) to determine the potential presence of DNAPL within Cell J1 and the potential 
for additional excavation activities in this area. The boring locations and visuaVolfactory 
observations are shown on Figure 1 and the boring descriptions are included in Attachment A. 
Although DNAPL was identified in two of the borings, the results were inconclusive with respect 
to determining the extent of DNAPL (based on visual observations during excavation activities). 
Following the installation of the six soil borings, shake tests were performed on 3 samples (S-1 
through S-3, see Figure 1) of stained soils along the north bank at the upstream portion of the cell. 
The results of the shake tests indicated that NAPL may be present in sample S- 1 (the downstream 
most location). Three test pits were excavated in the bank below the shake test sample locations 
(see Figure 1); however, DNAPL was not observed in any of the test pits. Based on the above 
information, it appears that the coal-tar DNAPL present in the upstream portion of Cell J1 may 
have migrated there from the north bank. Additionally, some DNAPL and DNAPL-impacted 
materials remain in the bank and river bottom. Based on these factors, a sheetpile barrier wall is 
proposed for the upstream portion of Cell J1 as further discussed in Section 111. Additional 
excavation activities in the river bottom are also proposed for the upstream portion of Cell J1 as 
further discussed in Section IV. 

On November 14, 2001, two additional test pits were installed in the bank at the downstream 
portion of Cell J1 to determine whether PCB andlor coal-tar DNAPL was migrating from the 
north bank into the river. The locations of the test pits are shown on Figure 1. Test pit 
observations indicated that DNAPL was not emanating from the bank in this area. Based on 
visual observations during excavation, in conjunction with the test pit observations, a sheetpile 



barrier wall is not proposed for the downstream portion of Cell J1; however, additional 
excavation activities are proposed and further discussed in Section IV. 

The primary component of the proposed supplemental 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 140-foot long steel sheetpile wall 
parallel to and along the edge of the river, as shown on Figure 2. 

The proposed containment barrier will be constructed of a steel sheetpile wall with sealable 
joints. This type of steel sheetpiling has been successfully installed at several previously 
identified NAPL locations along this %-Mile Reach of River: GE's Building 68 Area; East Street 
Area 2 - South; and as part of activities to address DNAPL in Cells GI, G2 and G3. 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 
sheeting will be driven into place with a vibratory or impact hammer. 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. 

The location and depth of the proposed containment barrier were conservatively selected, based 
on visual observations following excavation activities and boring information, to include those 
areas (both vertically and horizontally) where coal-tar DNAPL has been identified. Once this 
area was determined, several other technical and operational factors were considered in the 
detailed design activities. These factors include possible impacts to the existing hydrogeologic 
conditions in the area, possible effects of future river flooding on the migration/containment of 
DNAPL, 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. 

Horizontal and Vertical Extent 

The horizontal extent of the proposed containment barrier is shown on Figure 2. The wall will 
be located parallel to the river approximately 4 feet up the bank measured horizontally from the 
water edge (at elevation 971.5). This location has been selected based on a review of information 
obtained from the recent investigation activities summarized in Section 11. Using this 
information, the location of the proposed containment barrier was established to include known 
areas of DNAPL that could potentially migrate toward the river. 

A wing wall angled at 45' will extend up the bank approximately 30 feet at the upstream end of 
the proposed barrier wall. The wing wall at the downstream end will extend up the bank 
approximately 20 feet, parallel to the sewer siphon. The length of the proposed containment 
barrier along the riverbank will be approximately 90 feet. With the addition of the wing walls, 
the overall length of the proposed containment barrier will be approximately 140 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. In addition, between 
November 17 and 20,2001, to determine top of till elevations within the upstream portion of Cell 
J1, two deep borings (Jl-SB-7 and J1-SB-8) were installed at the toe of the bank (see Figure 1). 



Two deep boring were determined to be adequate since an existing till boring (ES2C-15) was 
previously installed adjacent to the western edge of observed DNAPL. The surveyed soil boring 
locations are shown on Figures 1 and 2. The recovered soils were continuously logged and 
boring logs were developed (included in Attachment A to this document). Soils were 
characterized with regard to the potential presence of DNAPL based on visual descriptions andlor 
odors. A geologic cross-section of this area has been developed and is shown on Figure 3 (with 
the location of that cross-section shown on Figure 2). The borings indicated that till was present 
at an approximate elevation ranging from 951 to 956 feet above mean sea level (AMSL) (see 
Figure 3 and boring logs in Attachment A). 

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 951 to 956 feet). The 
sheetpile wall 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. The upper elevation of 
the wing walls will be sloped and range between approximately elevation 975 and elevation 980 
based on site topography (i.e., a minimum of two feet below final grade). However, the lower 
elevation of the wing walls will remain approximately 5 feet into the till. 

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 Blasland, Bouck & Lee, Inc. (BBL) using the publicly available and well- 
documented MODFLOW program. This modeling effort is described and the results presented in 
Attachment C. The results of the modeling effort indicate that the groundwater mounding caused 
by the installation of the sheetpile wall would be minor (ranging firom approximately 0.5 foot 
within 20 feet of the wall to 0.01 foot approximately 150 feet upgradient of the wall). 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 gallons per minute (gpm) 
would reduce the groundwater mounding effects. 

Based on the excavation and investigation activities performed within Cell J1, additional 
excavation activities will be performed to further address the known or potential presence of 
DNAPL in the upstream and downstream portions of this cell. It is anticipated that the depth of 
excavation will be to the grey fine sand layer that is apparently acting as a confining layer. To 
determine the potential depth of additional excavation, at the request of EPA, GE installed seven 
borings in the river bottom (on the toe of the bank) of Cell J1 (Jl-SB-9 through J1-SB-15). The 
boring locations and visual/olfactory descriptions are shown of Figure 1 and the boring 
descriptions are included in Attachment A. The visual descriptions indicate that the grey fine 
sand layer is present less than approximately one foot below the current bottom of the excavation 
(with the exception of J1-SB-12 which has not been excavated to the same depth as the remainder 
of the cell due to its proximity to the sewer siphon). The approximate horizontal extent of initial 
excavation is shown on Figure 2, with the approximate maximum depth (elevation of 963 feet) 
shown on Figure 4 (a cross-section whose location is shown on Figure 2). To achieve this 
additional removal depth, excavation sheetpiling has been installed on the upstream and 
downstream side of the sewer siphon, and an attempt will be made to drive the existing Cell J1 
centerline sheetpile deeper (to a minimum top elevation of 975 with the lift holes subsequently 



plugged) to provide additional structural stability. On November 21, 2001 the Remediation 
Contractor initiated driving the centerline sheeting deeper, however, these activities were 
suspended due to the occurrence of "boils" and stability concerns. To attempt to drive the 
centerline sheeting deeper, the cell will be flooded to relieve hydraulic pressures. Once the 
centerline sheetpile has been driven deeper (if possible), the cell will again be dewatered (by 
pumping to the treatment system) to allow work activities to continue. If the centerline sheeting 
cannot be driven deeper, the Remediation Contractor will install a support system (e.g., utilize tie- 
backs, whalers, etc.) such that excavation activities may proceed to a maximum depth of 963 feet 
in elevation. Following excavation activities, the 12-foot long excavation sheetpiling installed on 
the upstream and downstream side of the sewer siphon will remain in-place. This sheetpiling will 
be cut off flush with the top of the sewer siphon and the sediment located in the sheetpile 
webbing (between the sheetpile and the sewer siphon) will be hand excavated approximately one 
foot. Following hand excavation, the voids will be sealed with grout. In addition, holes will be 
drilled at several locations along the top of the sewer siphon to allow for injection grouting below 
the sewer siphon to address boils that have been occurring along side of the sewer siphon. This 
sheetpiling will not restrict river flow. The excavations to be conducted in the downstream and 
upstream portions of Cell J l  are described further below. 

Downstream Portion of Cell J I  

Excavation will initially be performed to a maximum depth of 5 feet or to the grey fine 
sand layer, based on visual observations and the results of soil borings, in the downstream 
portion of Cell J I .  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 the maximum excavation depth in the interior portions of the Cell J1 
DNAPL area will be an elevation of 963 feet based on structural considerations. 
However, if the excavation becomes unsafe due to "boils", the maximum excavation 
depth may be further limited. The Remediation Contractor will have the 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 DNAPL in this portion of the 
cell, it is not anticipated that a collection system will be required. However, in the event 
the maximum excavation depth has been reached and DNAPL-impacted materials 
remain, a protective cap and DNAPL collection system similar to the one installed in the 
river at East Street Area 2 - South may also be installed here. 

Upstream Portion of Cell J 1 

Following installation of the Waterloo barrier sheetpile, excavation will initially be 
performed to a maximum depth of 5 feet or to the grey fine sand layer, based on visual 
observations and the results of soil borings, in the upstream portion of Cell J1. 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 
the maximum excavation depth in the interior portions of the Cell J1 DNAPL area will be 
an elevation of 963 feet based on structural considerations. As in the downstream portion 
of the cell, if the excavation becomes unsafe due to "boils", the maximum excavation 
depth may be further limited. The Remediation Contractor will have the 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. 
In the event the maximum excavation depth has been reached and DNAPL-impacted 
materials remain, a protective cap and DNAPL collection system may also be installed 
(similar to the one installed in the river at East Street Area 2 - South). 

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 appropriate On-Plant Consolidation Areas (OPCAs). 

Following completion of excavation activities in Cell J l ,  the area will be restored in a similar 
manner to the restoration at Cell GI.  Figure 4 provides a cross-section of the proposed 
restoration in the upstream portion of Cell J1. To avoid potential damage that may be caused by 
construction-related impacts, the area in front of the proposed 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. 

Following the installation of the proposed containment barrier and restoration of Cell J1, GE 
proposes to install three monitoring wells on the landward side (i.e., north) of the proposed 
containment barrier, as shown on Figure 2. GE proposes to install two perimeter monitoring 
wells at the east and west ends of the proposed containment barrier, respectively, and one 
monitoring well between the ends of the containment barrier. The installation of the monitoring 
wells will be accomplished using a truck-mounted drill rig and hollow-stem auger (HSA) 
methods. A standard truck-mounted 4-inch HSA will be used to install the 2-inch diameter wells. 
A minimum distance of 10 feet will be maintained undisturbed between the containment barrier 
and the edge of the auger. 

During well installation, construction details and actual field measurements will be recorded by a 
supervising geologist and all materials used (e.g., screen and riser footage, bags of bentonite, 
cement, and sand) will be tabulated in a field logbook. The monitoring well will be installed 
using 2-inch diameter PVC risers and slotted screens with stick-up surface completions. A 
monitoring well construction detail will be prepared for each well following installation. The 
wells will be advanced to the till surface and the screens will extend above that elevation 
approximately 10 feet. Following well installation, the wells will be locked and the area will be 
restored to its existing condition. After a period of at least 24 hours following well installation, 
the wells will be developed using alternating surging and pumping methods. Well installation and 
development activities will be performed in accordance with GE's approved Field Sampling 
Plan/Quality Assurance Project Plan (FSPIQAPP). 

Following well development, GE will initially monitor the perimeter wells on a weekly basis to 
confirm that DNAPL is not present outside the limits of the containment barrier. In addition, GE 
will monitor the center well on a weekly basis for the presence of DNAPL and will assess 
whether additional investigative or response actions are appropriate. GE anticipates that 
installation of these wells will be initiated within two weeks after the installation of the proposed 
containment barrier wall and completion of restoration activities associated with Cell J1. Also, 
GE will submit an evaluation of the results of the first four weekly monitoring events and the 
potential need for additional investigative or response actions in this area within 6 weeks 
following initiation of weekly monitoring of the wells. In addition, monitoring results will be 
included in monthly status reports for the GE-Pittsfield/Housatonic River Site. 



VI. SCHEDULE 

The proposed activities outlined herein will be implemented following EPA's approval of this 
proposal. It is anticipated that, following such EPA approval, sheetpile wall installation and 
restoration activities within Cell J1 will be completed within a 6 - 8 week time frame assuming 
that no significant unanticipated obstacles are encountered. To the extent that EPA can provide 
verbal approval of the described length and vertical extent of the barrier wall, the lead time 
associated with procuring Waterloo sheetpiling may be reduced. 



Tables 



Preliminary Analytical Data 
Subject To Verification 

TABLE 1 

GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASSACHUSETTS 

REMOVAL ACTION - UPPER 112-MILE REACH OF HOUSATONIC RIVER 

SUMMARY OF CELL J1 DNAPL OIL SAMPLE DATA RESULTS 

(Results are presented in parts per million, ppm) 

ld!&zx 
1. Samples were collected by Blasland, Bouck & Lee, Inc. and were submitted to Northeast Analytical 

Services, Inc. for analysis of PCBs, volatiles and semivolatiles. 
2. Only detected constituents are summarized. 
3. J l -BEN-LI  was obtained as a split sample with Berkshire Gas. 
4. ND - indicates constituent was not detected. 
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Attachments 



Attachment A 

Soil Boring Descriptions and Logs 



GENERAL ELECTRIC COMPANY 
PITTSFIELD, MASSACHUSETTS 

UPPER %-MILE REACH REMOVAL ACTION 

SOIL BORING DESCRIPTIONS - CELL J1 

Boring ID: J1-SB-1 

Date: 1 11210 1 
Elevation: Boring location was not surveyed 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.4' 
Description: 
0 - 0.6': grey-brown fine to coarse sand 
0.6' - 1.9': brown fine sand 
1.9' - 2.4': grey-brown fine to medium sand 

Boring ID: J1-SB-2 

Date: 1 1/2/01 
Elevation: Boring location was not surveyed 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.4' 
Description: 
0 - 0.4': grey fine to coarse sand, strong odor 
0.4' - 2.4': grey-brown fine sand, a few lens of medium sand 

Boring ID: J1-SB-3 

Date: 1 1/3/0 1 
Elevation: Boring location was not surveyed 
Sediment Penetrated: 4.0' 
Sediment Recovered: 1.6' 
Description: 
0 - 0.4': brown fine to coarse sand 
0.4' - 0.8': grey fine to medium sand, some odor 
0.8' - 1.1 ': grey tight fine sand 
1.1 ' - 1.6': brown fine to medium sand 

Boring ID: J1-SB-4 

Date: 1 1/3/01 
Elevation: Boring location was not surveyed 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.5' 
Description: 
0 - 1.4': grey fine to coarse sand, odor, sheen visible 
1.4' - 2.5': grey tight fine sand 
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Boring ID: J1-SB-5 

Date: 1 1/3/01 
Elevation: Boring location was not surveyed 
Sediment Penetrated: 4.0' 
Sediment Recovered: 1.5' 
Description: 
0 - 1.5': grey-brown fine to coarse sand, a small oily lens at 1.2' 

Boring ID: J1-SB-6 

Date: 1 1/3/01 
Elevation: Boring location was not surveyed 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.2' 
Description: 
0 - 0.6': brown fine to coarse sand 
0.6' - 2.2': grey fine sand, some lens of organic matter (wood) 

Boring ID: J1-SB-9 

Date: 1 1/15/01 
Elevation: 965.60 feet 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.3' 
Description: 
0 - 0.5': grey fine sand, some gravel 
0.5' - 2.3': grey fine and very fine sand (tight) 

Boring ID: J1-SB-10 

Date: 11/15/01 
Elevation: 965.42 feet 
Sediment Penetrated: 4.0' 
Sediment Recovered: 1 .O' 
Description: 
0 - 0.9': grey fine to coarse sand and gravel, very heavy oil sheen, very strong organic odor (coal- 
tar like) 
0.9' - 1 .OY : grey tight fine sand, oil sheen, strong odor 

Boring ID: J1-SB-11 

Date: 11/15/01 
Elevation: 965.33 feet 
Sediment Penetrated: 4.0' 
Sediment Recovered: 1.5' 
Description: 
0 - 0.7': grey fine to coarse sand, some gravel 
0.7' - 1 -2': grey tight fine sand 
1.2' - 1.5': grey fine to coarse sand and gravel 



Boring ID: J1-SB-12 

Date: 1 111 510 1 
Elevation: 966.62 feet 
Sediment Penetrated: 6.0' (0 - 2.0' with shovel, 2.0' - 6.0' with geoprobe) 
Sediment Recovered: 3.6' 
Description: 
0 - 2.0': grey fine to coarse sand and gravel (dug with shovel) 
2.0' - 3.0': light brown fine sand, some coarse sand 
3.0' - 3.3': grey-brown fine to medium sand, some gravel, oil sheen 
3.3 - 3.6': grey fine sand, some medium to coarse sand, heavy oil sheen, strong odor 

Boring ID: J1-SB-13 

Date: 11/15/01 
Elevation: 964.9 1 feet 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.3' 
Description: 
0 - 0.4': grey-brown fine to medium sand 
0.4' - 2.3': grey tight fine and very fine sand 

Boring ID: J1-SB-14 

Date: 1 111 5/01 
Elevation: 965.38 feet 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.2' 
Description: 
0 - 1.1 ' : grey fine to medium sand with gravel 
1.1 ' - 2.2': grey tight fine and very fine sand 

Boring ID: J1-SB-15 

Date: 1 1/15/01 
Elevation: 964.94 feet 
Sediment Penetrated: 4.0' 
Sediment Recovered: 2.2' 
Description: 
0 - 1.0': grey-brown fine to coarse sand 
1 .O' - 2.2': grey tight fine and very fine sand 
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Date StartIFinish: 11117101 
Drilling Company: BBL 
Driller's Name: Alex Marconi 
Drilling Method: Direct Push 
Bit Size: NA 
Auger Site: NA 
Rig Type: Jack Hammer 
Sampling Method: 4' sampler 

Northing: NA 
Easting: NA 
Casing Elevation: NA 

I Borehole Depth: 15' below grade 
Surface Elevation: 966.46' 

I Geologist: Leanne Sanders 

WelllBoring ID: HR-J1-SB-7 

Client: General Electric Company 

Location: Housatonic River 112 Mile 

Cell J-1 Borings 

- 
ki 
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Stratigraphic Description 

Dark brown fine to medtum SAND. some coarse Sand, little fine to 
medium subangular Gravdl. poorly sorted. saturated. 

- 

- 

- 
" 

- 

WelllBoring 

Construction 

* .: . .-. .- : ........ 
.:5*>:* .... ........ .... 

Bwing baddilled 
with Bentonite to 
grade. 

- 

- 

965- 

- 

- 

- 
- 5 

- 

9 6 5  

- 

- 

- 
- lo 

- 

955- 

- 

- 

- 
A ., 

- 

1 

2 

3 

4 

BBL 
BLASLAND, BOUCK & LEE, INC. 
eng inee rs  & sc ient is ts  

Remarks: NA = Not Available; bgs = below ground surface. 
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Date StartlFinish: 1 lf20101 
Drilling Company: BBL 
Driller's Name: JAB 
Drilling Method: Direct Push 
Bit Size: NA 
Auger Size: NA 
Rig Type: Jack Hammer 
Sampling Method: 4' Macrocore 

Northing: NA 
Easting: NA 
Casing Elevation: NA 

I Borehole Depth: 16' below grade 
Surface Elevation: 966.05' 

I Geologist: Leanne Sanders 

-- - -- -"-A- 

WelllBoring ID: HR-J1-SB-8 

Client: General Electrrc Company 

Location: Housaton~c R~ver 112 Mile 

Cell J-1 Borings 
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GEOTRANS d C T E T R A  T E C H  C O M P L N Y  BORINGNVELL CONSTRUCTION LOG 
PROJECT NUMBER P009-001 BORINGIWELL NUMBER E2SC-15 

PROJECT NAME Source Control Upper Reach Housatonic River DATE DRILLED 10J20198 

LOCATION Pittsfield, Massachusetts CASING TYPUDIAMETER None 

DRILLING METHOD HSA SCREEN NPUSLOT None 

SAMPLING METHOD SS GRAVEL PACK TYPE None 
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Structural Calculations 



DRAFT 

CALCULATION SHEET PAGE 1 OF 2 
PROJECT NO. 20197.074 

CLIENT: GE SUBJECT: Sheetpile Design Calculations PREPARED BY: LKB DATE: 11/15/01 
REVIEWED BY: DATE: 

PROJECT: Cell J1, Upper 1R-Mile Reach of Housatonic Rver 

Calculate the requlred embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a 2 horizontal: 1 vertical (2H:lV) slope. The 
sheetpile wall has a top elevation of 975 feet. and the nver IS assumed to be at elevation 971.5 feet. 

REFERENCES 

1. NAVAFAC DM-7, March 1971. 

2. Das. 5. M. (1990). Principles of Foundation Engineering, 2nd Edition. PWS-Kent Publishing Company. 

ASSUMPTIONS AND PARAMETERS 

Soil friction angle, + = 35 degree 
Soil unit weight, 7 = 125 pcf 

Buoyant soil unit weight, y' = 62.6 pcf 
Unit weight of water = 62.4 pcf 

Bank soil elevation = 975 feet 
Groundwater elevation = 971.5 feet 

of sediment elevation (riverside) = 969 feet 

FIGURES 

Figure 1 -Typical Net Pressure Diagram 

ATTACHMENTS 

Attachment 1 - Reference Material from References 1 and 2 listed above. 

CALCULATIONS 

References 

Refer to Sheel 1, Attachment 1 (Ref. 1) 

Refer to Figure 6. Sheet 2, Attachment 1 
(Ref. 1) 

Refer to Sheet 1. Attachment 1 (Ref. 1) 

Refer to Sheet 3, Attachment 1 (Ref. 1) 

Refer to Figure 1 and Sheets 4 through 11. 
Attachment 1 (Ref. 2) 

Calculations Units 

Global parameters: 
Soil unit weight. 7 125 pcf 
Buoyant soil unit weight, y' 62.6 pcf 

Calculate coefficient of passlve pressure, Kp: 

Wall friction angle. 6 14 degrees 
Soil internal friction angle. + 35 degrees 
Slope angle on the riverside. $ 0 degrees 

for g/+ 0.00 
for 6/+ -0.4 
Reduction factor. R 0.603 
Kp for 614 = -1 6.5 
Therefore, Kp = R'(Kp for W+ = -1) 3.92 

Calculate coefficlent of active pressure, Ka: 

Soil internal friction angle, + 0.61 radians 
Slope angle for bank soil, $ 0.46 radians 
Wall friction angle. 6 0.24 radians 

Slope of wall against vertical, 6 0 radians 
ka = coo2+ I costig[ 1 + ((sin(+ + 6)*sin(~) /~cos&*c05~$)) )~~~ 0.37 

Active pressures and forces acting on wall: 

Exposed wall height. L1 6 feet 
p1= p2 = y*Ll'Ka 277.5 psf 

Location of zero net pressure. L3 = p2/(y' '(Kp-Ka)) 1.25 feet 

P = 0.5pl'Ll + 0.5pl'L3 1006 Ib 

location, z l  = (0.5.(pl'Ll'(L3 + L IB)  + O.Spl'L3'(2/3'L3)yP 2.83 feet 



DRAFT 

CALCULATION SHEET PAGE 2 OF I 
PROJECT NO. 20197.074 

LKB DATE: 11/15/01 

Conclusions 

p5 = y*LI*Kp + y' *L3*(Kp-Ka) 3218 psf 

A1 = p5l(y' '(Kp-Ka)) 14.48 

A2 = 8'P/(y' '(Kp - Ka)) 36.21 

A3 = 6*P*(2*zl *y' *(kpKa)+p5)/(y' )'2*(KpKa)Y 547.04 

A4 = P'(6*zl*p5+4PY((y' PZ'(KpKar2) 1 195.02 

L4"4 + Al'L4"3 - A2'L4."2 -A3*L4 - A4 = 0 

By Trial and error: 

Equation for r-1 -1357.14 569.05 

6.8 101.87 

Therefore, L4 6.8 feet 

Other Parameters Units 

p3 = L4'(KpKa)tl 1511 psf 

p4 = p5 + y' 'L4*(KpKa) 4729 psf 

L5 = (0.5P3L4-Py(O.5(p3+pQ)) 1.32 feet 

Embedment depth. D = L3+L4 8.05 feet 

Sheetpile bottom elevation at FS =I 960.95 feet 

Increase errbedment depth by 40 percent for FS = 2.0 11.27 feet 

Sheetplle bottom elevation at FS = 2.0 957.73 feet 

Calculate maxlmum bending moment: 

Location of maximum bending mrment z' = (2W((Kp-Ka)Y W.5) 3.01 feet 

Maximum bending moment, Mmx = P*(zl+z') - (0.57 '(z'rZ'(Kp-t(a))'l 4865 Ib-WR 
58380 lb-inm 

Required Section Modulus, S = MmaxRb 2.34 in3 

Where, fb = 25 ksi for allowabie stress on oy = 36 ksi steel. 

For a bank elevation of 975 feet, a river elevation of 971.5 feet. and a sediment elevation of 969 feet, the required toe elevation of the sheetpile wall is 961 feet for a FS=l and 957.7 
feet for a FS=2.0. Since the anticipated bottom elevation of 945 feet is lower than the required toe elevation. the design is adequate. Furthermore, since the required section modulus 
(2.34 inA3) is less than the modulus of WE295 (24.9 inA3/wall R). the design is adequate. 



Figure 

BLASLAND, B O U C K & L E E ,  INC.  e n g i n e e r s  & s c i e n t i s t s  



- - s Q
 

- .- P .w Q
 

Q
 

z
 

V
] 

5 >
 

Q
 

- 'E
 
S 0 

/ 
a
 

' 
rn 
& a 
E

 2 3 
V

I 
V

I 
2 

' n
 

.w
 

2
 

- m 0
 

.- P 
I- F

 

I
2

 
3
 

ii 

LU 

2 0
 

$
0
 

c
t
-
 

E
'- 0 
Z

 



Attachment 7 
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Ul t ima te  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  H a t e r i a l s  

I n t e r f a c e  X a t e r i a l s  (Cohesion) 
I I Adhesion Ca ( p s f )  I 

Hass  c o n c r e t e  on the  fo l lowing  foundat ion  m a t e r i a l s  : 
Clean sound rock.................................. 
C lean  g r a v e l ,  gravel-sand mix tu re s ,  c o a r s e  sand... 
Clean f i n e  t o  medium sand ,  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 ayey  g r a v e l  .................... 
Clean l i a e  s a n d ,  s i l t y  o r  c l ayey  f i n e  t o  medium 

sand.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F ine  sandy s i l t ,  n o n p l a s t i c  silt.................. 
Very s t i f f  and hard r e s i d u a l  o r  p r econso l ida t ed  

c l a y  ............................................ ........ Xedium s t i f f  and s t i f f  c l a y  and s i l t y  c l a y  
(Hasonry on f o u n d a t i o n  m a t e r i a l s  has  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  Les a g a i n s t  t he  fol lowing s o i l s  : 

Clean  g r a v e l ,  g rave l - sand  mix tu re s ,  well-graded 
rock f i l l  w i t h  s p a l l s  ........................... 

Clean sand,  s i l t y  sand-gravel  mix tu re ,  s i n g l e  s i z e  
hard rock fi l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S i l t y  sand,  g r a v e l  o r  sand mixed wi th  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 v i n g  s o i l s :  

Clean  g r a v e l ,  gravel-sand mix tu re ,  well-graded 
rock f i l l  w i t h  s p a l l s  ........................... 

Clean sand,  s i l t y  sand-gravel  mix ture ,  s i n g l e  s i z e  
hard rock f i l l  .................................. 

S i l t y  sand,  g r a v e l  o r  sand mixed wi th  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.................. 

Var ious  s t r u c t u r a l  m a t e r i a l s :  
Xasonry on masonry, igneous and metamorphic rocks :  

Dressed s o f c  rock on d r e s s e d  s o f t  rock......,... 
Dressed ha rd  rock  on d re s sed  s o f t  rock.......... 
Dressed ha rd  rock on d re s sed  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  in te r locks . . . . . . . . . . .  

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

t a n  6 

F r i c t i o a  
a n g l e ,  8 

d e g r e e s  

0.70 
0.55 t o  0.60 

0.45 t o  0.55 

0.35 t o  0.45 
0.30 t o  0.35 

0.40 t o  0.50 
0.30 t o  0.35 

0.50 

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 

Very s o f t  cohes ive  s o i l  ( 0  - 250 p s f )  
S o f t  cohes ive  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  cohes ive  s o i l  (1000 - 2000 ps f )  
Very s c i f f  cohes ive  s o i l  (2000 - 4000 p s i )  

3  5  
29 t o  3 1  

24 t o  29 

19 t o  25 
17 t o  19 

22  t o  26 
17 t o  19  

2 2  

17 
1  !, 
11 - 

22 t o  26 

17 t o  2 2  
17 
14 

3 5 
33 
29 
2  6 
17 

0  - 250 
250 - 500 
500 - 750 
750 - 950 
950 - 1,300 

A 
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F I G U R E  6 
X c c  i v e  and Pass i v e  C o e f f i c i e n t s  wi th  Wall F r i c t i o n  

( S l o p i n g  B a c k f i l l )  
7.2-57 





- . . -  . .  
3 ihntilcwr Sheet Piling Pentvning Sandy Soils 

(a! (b) 
Figure 6.6 Cjnrilevcr sheer pile penctratlng sand 

T h e  follow-ing sections :Sc=uons 6.3 drrough 6.6) present rhc marhe- 
marical formulation of the analysis of cantifcvcr sheer pile: wdls.  'Note thsr, 
in sum: warerfront scrucrures, the water level may fiuctuatc as the ~KuIT. of 
tidal dilccts. Care  should be taken in determining rhe water level rhat will 
affccr the net pressurc diagram. 

6.3 Cantilever Sheet Piling Penetrating 
Sandy Soits 

T o  develop the elationships for the proper depth of embedment of shcct 
piles drivcn into a granular sail, we refer to Figurc 6.7a. The soil rerained by 
the sheet piling abovc the dredge linc is also sand. The wawr table is located 
at a depth of t, bctow the top of tttc wall. Let t h e  angle of friction of the 
sand be 4. T h e  intensity of thc active pressure at a depth r = Ll can bc 
given as 

where K, = Rankinc acdve pressure coeficitnt = tan2 (45 - 412) 
y = unit wcighr of soil above rhe wares table 

Sirnilsriy, rhe acrive pressure a t  a dcprh of s = L, + L2 (that is, at the 
Icvcl of rht drcdge line) is equal to 

where y' = cfficrivc unit weight of soil = y,,, - y ,  

Now chat, a t  rhc lwel of the dredge linc, rhe hydrosracic pressures from 
both sides of chc wall arc of the same magnirude and canccl each ocher. 
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Flqurr t.7 h n d l m r  Jheu piis penovaring ~ a n d :  (a) wristion of om o a u t a  6agram. 
(b] ~Aacian of moment . - 

In oordcr co drtacLnine rbe cut I a t d  pressure below the dredge LLrc up 
ra the point of rouuoa 0, as shown in Fipre 6.61, cux &P LO ~ ~ P f i d a  the 
passive pressure a+ fmm rhc tdr: side (watcr side) mwsrd rhe right side 
(land ddt) sad also the actiPe pressure acting from thr! righe Jdc to& rhe 
tdr side of rbr d. Far d casa, &ring the hydroc;t;\dc pn- horn 
barh sida of rhc -11, rhL axis p m u r c  ac a depth r ean be given as 

P. = CYLI + '/C¶ + f (3  - L, - L,)IK, (6.3) 

Also, ttir passive pressure at drat dep& T is equal ra 

p, = Y'(Z - Lt - Lz)K8 j (6.4) 

wherc'K, =. Raatinc passive pnaurc M ~ a e n r  = tan' [dS + 612) 1 
Hence, combining Eqs. (6.31 &d (3.41, h e  ncc htcral prasurc an be 
obtained as 



i.3 C.nrilevtr S h m  Piiing P e ~ r r a r i n g  Sandy Sotls 
. .. . 

Thc nm pressure, p, bccomcs equal to zero ar a depdt L3 below thc dredge 
line ; or 

p2 - Y'(Z - I-XK, - K,) = 0 

or 

( 2  - L )  = L, = P2 
Y'(K, - KJ 

From the preceding cquarion, it is apparent chat the siopc of che net pra- 
sure dismbution lLne DEF is 1 v t m a l ' r a  (K, - K,)y' horizontal. So, in the 
pressure diagram - 

H R  = 9, = L,(K, - KJy. # 
Ar thc b o r n  of the shcct pile, passive prersure(p,) a m  from the right 

toward rhc lcfi side, and active pressurr acu from the left toward the right 
t d c  of rbe sheet pilc. So, ax z = L - D 

p, = (yL, + y'L, + ylD)K, 

At rhe same depth 

P. = Y 'DK 

Hence, the net lateral pressure at the bottom of rrhe sheet pilc is equal to 

P, - P. = P A  = (yL,  + Y'L,)K, + i /D(K, - K3 
(YL,  + y'L2)Kp + y'L>(EC;, - K,) + y8LA(K, - K,) 

= PS + Y ' L ~ ( K ,  - K.1 
where p, = (7L, + y'L2)K, t y'L,(K, - 

D = L, + L, 
For the stlbiliv of the wall, thc principles of snrics can now be 

applied; or 

horizontal forccs per unit length of walI = 0 6 
and 

moment of rhe forces per unit length of wall about point B c 0 6 ' 1 
For summarion of the horizontal forces, I 

area of the pressure diagram ACDE - area of EFHB 

+ w a o f F H B G = O  

or 

p- %.A LA + %LS(PI  + ~ 4 )  = 0 (6.13) 

where P = area of the pressure diagram ACDE 

. . 



336 uuptu B SHEFT PILE WALLS 

Su.xming thc moment of all rhe forces about poinc B 1 
I 

From Eq. (6.13) 

L, = p 3 L .  - 2p (6.15) 
P3 + P4 

Combining Eqs. (6.7), (6.10), (6.14), and (6.15) and simplifyins rhan 
further, one obtains the follorPing fourth-degree equation in terms of L, .  

w h a c  

Step-by -Step Procedure for 0 braining 
the Pressure Diagram 

Based on the preceding theory, rhe scep-by-step procedure for obtaining the 
pressure diagram for a candcvcr sheet pile wall p a r a c i n g  a granular soil is 
as follows: 

1 .  Cjlcutace K, and K, . 
2. Calculate p, @q. (6.1)] and p: Eq. (6.2)]. Note: L ,  and L, will be 

given. 

5. Calculate 3 (that is, h e  ccntcr.of pressure for rhc area ACDE) by 
taking rhc momcnr abouc E. 

6. Calculaup, [Eq. (6.11)J. 
7. Calculate A,,  A,, A,, and A, F q s .  (6.17) to (6.20)]. 
8. Solve Eq. (6.16) by trial and error to deternine L, . 
9. Calculate p, tEq. (6.10)l. 

... - . . ... . -  
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.. -- - T O :  al~utate-pj-fEq. (6.7)}: . - - -  -- - --- . . . - -- ._ _ - 
11. Obtain Ls from Eq. (6.15:. 

- .  .- -. 12. Now the pressure distribution diagrarn as shown in Figure 6.7a can 
.--. - -  -- -- .-- - .-- . .-- --. --- __ - __._._..__ .__ ._ _ . c a d y  be drawn. - - 

13. Obcain the &corerial depth CEq. (6.12)] of pcnctnrion 3s L, + f-, . 
The actual dcpth of penetration is incrcascd by about 20-30%. 

Note: Some desipur prefer to use P factor of safety on rhc passive 
car* prcssurz c ~ ~ c i c n t  at rhc bcginning. In that wsc,  in Strp 1 

whcre FS = facxor of s a f q  (uswlly beween 1.5 to 2) 

For this type of analysis, follow Steps I through 12 with the value of 
K, = m2 (45 - &/2) and K#,,,,, (instead of K,). The acrual dcptb of pen- 
-don can now be dnamined by addial; L , ,  obtained from Srrp 3, and 
L, , obtained from Srcp 8. 

Calculation of  Maximum Bending Mornenr 

Thr -nure of variation of the momat  diagram for a cantileva sheer pilc 
d is shown in Figure 6.7b. The maximum mamenr will occur bcnvccn rhe 
points E and F. T o  obtain the mzximurn moment (M-) per unit ltngrh of 
rhe wall, one must determine the point of zero shear. Adopting a new axis z' 
(with origin at poinc E) for zcro shear 

Once the point of tao &car force is derumincd (point P in Figurc 
6.7a), the magnirude of the ~ ~ k n u m  moment can be abtained as 

The sizing of the necasary prohle of thc sheer piling is then nude a c c o r ~  
to the allowable flexural stress of the shcet pile mataial, or 



Sup 4 

p = YhL,  + P,LZ + X@* -P,ZL, + 'IzP*L, 
= X(9.763X2) + (9.763)(3) + '/3(18.53 - 9.763p + Y,(18.53)(0.66) 

= 9.763 + 29.289 + 13.151 + 6.1 15 = 58.32 kNim 

S ~ r p  5 .  Taking the moment nbauc E 
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P, = OL, + I/L,)K, + Y'L,(K, - K.1 
= C(l5.9X2) + (19.3 3 - 9.81)311.25 + (19.33 - 9.81)(0.66)(3.25 - 0.307) 

= 196.17 + 18.49 = 214.66 kNlrn2 

Stcp 7 

I The followi~ able shows the salutian of 3re prrccding quadon by nid and aor. 

hnurncd L, (mf Lefi ride at Eq. (6.16) 

4 -356.44 
5 + 178.58 
4 6  + 36.96 

1 , So, L. z 4.8 rn 

I Srcp 9 

P. = ps + Jl.,(X, - K3 
= 214.66 + (9.52X4.8X2.943) = 349.14 kN/m2 

Stcp 10 

I pJ = y'(K, - Ko)L, = (9.52)(2.943)(4.8) = 134.48 Wlm' 

Stcp 1 I 

I Sttp 12. The ncr pressure distriburion diagram am nor bc b o r n ,  as shorn in 
Figure 6.7% 

I Step 13. The acnul depth of patcuadaa 1 .3(Ls + L J r 1.3(0.66 + 4.6) = 7.1 m. 
Tbe rhearetical dcprh of  peaemtion = 0.66 + 4.8 = 5.46 m. 
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Size of Sheet Piling 

I;'sing Eq. (6.21) . 
t 

f = 

From Eq. (6221 

M, = ei + d- [: < ~ I ( K ,  - K.)](') 
1 - (58YX2.23 + 2-04] - i (~.S~X~.M)'(Z-M 

5 249.03 - 39.64 = 20939 

rrquirtd ,mion mcdufus af rhe rbect ih P- 

Wrrh a,, = 172.5 MNlm' 

20939 IcN-m s = =c 1314 x 10" mJ/m of w d  - - 172.5 x 10' kN/ml T_ 'i -1 

- 

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

Following are rwo tpeciai casa af the mathcmaucal formulatian shown in 
Secdon 6.3. I 

d 
.) 

\ 

Cass 1 : Sheet Pile Wait with the Absence 
of Water Table 

'? 
$ In the sbsence of the watu table, ?he net pressure diagram on rhe c3indlever 
t 
5 

sheet pile wall will be as shown in Figurc 6.8, which. is a modified vmion of 
t Figure 6.7. Far this figure 
'1 
! P r  = YLK. (6.24) 

C PJ = L.(K, - K3u (6.25) 
:: P' = ~ j l +  Y L ~ ( K ,  - KJ (6.26) i P ~ = Y M , + Y L , ( K ~ - X ; )  ' (6 -27) 
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GENERAL ELECTRIC COMPANY - PITTSFELD, MASSACHUSETTS 
UPPER %-MILE REACH REMOVAL ACTION 

SUMMARY OF GROUNDWATER MODELING - CELL J1 

Introduction 

Groundwater flow modeling was utilized to evaluate the potential for water table mounding associated with 
a proposed sheetpile containment wall at Cell J1 just south of Building 6 1. The groundwater model utilized 
for the Building 64W Area, Cell G2, and Cell G3 source control sheetpile containment assessments was 
expanded westward for this effort with some minor modifications, which are described below. 

The publicly available and well-documented Visual MODFLOWW program was used for the groundwater 
modeling effort (Waterloo Hydrogeologic, Inc., 1996). Visual MODFLOWW is a proprietary pre- and post- 
processing program 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 Silver Lake 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 Lyman Street. Portions of the model grid (Figure 1) that extend beyond these model 
boundaries (i.e., south of the Housatonic River) are set as inactive and are not incorporated in the model 
calculations. The model grid is designed with 170 rows and 260 columns and 4 layers. 

Horizontally, the grid spacing is a uniform 10 feet in the X and Y directions. Vertically (Z direction), each, 
model layer is 8 feet thick (Figure 2). There is no differentiation among 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 much 
of the model domain, this impermeable surface is the base of Model Layer 4, which was set at an elevation 
of 955 feet. In the vicinity of the Cell J1, the base of the model is the bottom of Model Layer 4, which was 
set at an elevation of 955 feet. In the northern and east 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 963 feet. 

The input data required for the model include stratigraphic, groundwater elevations, and hydraulic properties 
for each layer; estimates regarding the amount of water entering and leaving the hydrogeologic system; and 
the description of the model boundary conditions. Except for the model layering, the input data remained 
identical to that used in the Building 64W source control model. Much of this input was duplicated from 
the East Street Area 2 - South model and the Lyman Street Area model, and supplemented with data from 
borings and monitoring wells within the modeled area. 
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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 930.0 feet amsl along the Housatonic River to 970 feet 
amsl closer to East Street. A sloping till surface was not used in this model due to the lack of sensitivity to 
a sloping till surface that was demonstrated in the East Street Area 2 - South model. However, as indicated 
above, portions of Model Layers 3 and 4 were not activated (made impermeable) in those areas where the 
observed till elevation was greater than the elevation of the top of the applicable model layer. 

The horizontal hydraulic conductivity for all the saturated overburden materials above the till was set to 2 
x 10-2 cmlsec (56.7 feedday) 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 precipitation recharge, the Housatonic River, the groundwater recharge pond, 
the till confining layer, 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 correspond 
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 north of East Street at values varying linearly from 985 to 995 feet amsl. The recharge pond was 
simulated with a higher permeability pond bottom. 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 a conductance value of 50 feetzlday. 
Silver Lake was added to the model, since the model now extends farther west. The elevation of Silver Lake 
was set at 976.5 feet and the bottom of the lake (set as 2.5 feet thick) was assigned a conductance value of 
50 feet2lday . 

Additional boundary features incorporated into the model include the existing recovery wells and the 
proposed sheetpile wall. The wall 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 
64 S 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 
model's eastern boundary. Standard vertical tubular well designs were used for all the pumping wells. 

The proposed sheetpile wall was incorporated with the MODFLOW wall option. The sheetpile wall was 
placed across Model Layers 1 through 4, and wing walls were incorporated (Figure 3). The width of the 
sheetpile wall was 0.021 feet (0.25 inches) and the hydraulic conductivity was set at 1 x 10-9 cmlsec 
(0.00000284 feedday). 
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Calibration of the model was performed during previous modeling efforts. Additional calibration was also 
performed for this application since this model was expanded westward. Basically, the conductance of Silver 
Lake was adjusted until groundwater elevations between Silver Lake and the Housatonic River reasonably 
matched observed groundwater elevations. 

Analysis of the mounding potential following sheetpile emplacement indicates that the groundwater 
mounding north of the sheet pile wall would be minor. The model results show groundwater mounding by 
approximately 0.5 feet within 20 feet of the wall and 0.01 feet approximately 150 feet upgradient of the wall 
(Figure 4). As a result, groundwater recovery behind the wall does not appear to be necessary. If data 
collected during monitoring indicates otherwise, pumping groundwater immediately north of the wall at a 
rate of approximately 10 gpm could control mounding. The pre-sheetpile wall groundwater ("calibrated") 
contours elevations are shown on Figure 5. The post-sheetpile wall groundwater elevation contours are 
shown on Figure 6. The slight increase in the groundwater elevation (mounding) due to emplacement of the 
sheetpile wall is shown on Figure 4. 
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Figure 1 

R l a s l a n d ,  R o u c k  Rc -Let, I n c - .  

Project: l / 2 - M l l e  - Cell  J1 - 
I 

D e s c r ~ p t  Ion: Fln~tc-Dxfference  G r i d  

22 >ox .  01 

- - 

V r s u a l  4203FLOT\' v.2.8.2. (C) 1095-1 99s 

M ' a t e r l o o  I I y d r o g e o l o p l c ,  1 x 1 ~ .  

\C: 260 Sfi: 170 1-1: 4 

Current iayer: 1 



Figure 2 

- -  - - - - - - - - - - - - 

Elasland, Borxck & Ire,  Inr Visual MODFLOW v 2.8 2, ( C )  1995-1990 

Project- 1/2-Milr - Cell J f  - Waterloo Hydrogenlogic, Inc 

I Description. bIode1 Layer Elevations KC. 260 NK. 170 \;I, 4 

22 \-ov Of Current Column. 85 



1 Figure 3 
I 

I Elasland, Bouck & LEE, Inc:. 1 Visual MODFI-OW v.2.8.2, (G) 1995-1999 

Project: 1/2-Mile - Cell J1 - Waterloo EIydrogeologic, Inc. 

Description: Sirrlrllated Sheetpile Wall NC: 260 ZR: 170 sL 4 

22 Nov 01 Current Layer: 2 



Figure 4 1 

I _ - --- - - --- - - -- 
Elasland, Houck Kr Ire, I n c  Vlsual MODFLOW v 2 €3 2, (C) 1995-1999 1 

I Project 1/2-Mile - Cell J1 - Waterloo IIydrogeologic, Inr 

Description Simulated GTV Mound yC 260 UK 170 \I- 4 ' 27 Yov 01 Current Layer 2 



~ - - .. - - -- -- . -- -. 
I 
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1 Figure 5 
I 

-- - 
i Elasland, Bouck & I E ~ ,  Inc .  Visual MODFLOW v.2.9.2, (C) 1995-190f1 

1 Project.: 1/2-Mile - Ccl l  J1 - I Waterloo Hydrogeoiogic, Inc. 

; Description: Pre-Sheet. C;W Elevations NC: 260 NR: 170 ZLr 4 

, 22 Nov 01 : Current Layer: 2 



- - - -  --- 

Figure 6 

- - -- --  
Rlasland, Bouck & Lee, Inc. Visual MODFLOW v.2.8.2, (C) 1!)95-1999 

Project: 1/2-Mile - Cell J1 - Waterloo Hydrogeologic-, Inc-. 

Drscrlption- I'ost -Sheet C;W Elevations \C: 260 NR. 170 NL: 4 

27 \ov 01 Current Layer: Z 
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