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I Introduction 

1.1 General 

This Proposal for Supplemental Source Control Containment / Recovery Measures (Source Control Proposal) 

describes the supplemental measures to be implemented at the General Electric Company's (GE's) Lyman Street Site 

(the Site) in Pittsfield, Massachusetts (USEPA Area 5A/MCP Site No. 1-12792). These measures have been 

designed to further address non-aqueous phase liquids (NAPL) that are present within the Site. Currently, GE 

operates and maintains three NAPL containmentirecovery systems involving active groundwater pumping and NAPL 

extraction from on-site recovery wells, as well as the use of oil adsorbent booms located adjacent to the riverbank. 

To supplement these existing measures, GE proposed to install an approximate 400-foot length of steel sheetpile to 

provide an impermeable containment barrier at the base of the riverbank. This report describes the various activities 

conducted/proposed by GE concerning the selection, evaluation, design, and installation of the proposed containment 

barrier and related activities. 

The information provided in this document supplements the information GE previously submitted to the United States 

Environmental Protection Agency (USEPA) and the Massachusetts Department of Environmental Protection (MDEP) 

(jointly referred to as the Agencies) in letters dated February 16, 1999 and April 26, 1999. GE prepared and 

submitted the February 16, 1999 letter to the Agencies pursuant to a letter from the USEPA dated October 6, 1998 

and as follow-up to GE's Source Control Work Plan - Upper Reach of Housutonic River (First % Mile), dated 

September 1998 (Source Control Work Plan). The February 16, 1999 letter included a summary of recent field 

investigations and historical NAPL occurrence for the Site. With this information serving as the basis, the February 

16, 1999 letter also outlined GE's conceptual plans proposed to supplement the NAPL containmentirecovery 

measures that are currently in place in this area, and identified additional site investigations to support the detailed 

design of the proposed measures. Subsequently, in an April 26, 1999 letter, GE summarized the results of 

supplemental soil sampling and analysis activities which were proposed by GE in its February 16, 1999 letter. 

The information presented in the February 16, 1999 and April 26, 1999 letters serves as the basis for the 

containment/recovery measures proposed in this Source Control Proposal. 

1.2 Format of Report 

A summary of the prior field investigations and results is provided in Section 1.3. The remainder of this Source 

Control Proposal is divided into two sections. Section 2 of this Proposal presents GE's plan for supplemental NAPL 
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containment/recovery within the riverbank area, and presents information (and supporting technical information) 

regarding the design of the proposed sheetpile containment barrier. This section includes the final sheetpile layout. 

detailed design information (including the results of the hydraulic modeling), and a description of the anticipated 

implementation activities associated with the proposed containment barrier. This includes the anticipated 

construction sequence, measures to mitigate potential environmental disturbances during construction, temporary/final 

site restoration details, and post-construction monitoring activities. Section 3 presents a summary and anticipated 

project schedule. 

1.3 BackgroundlOverview of Prior Investigations 

1.3.1 General 

Over the last several years, CE has conducted extensive investigations and has implemented numerous activities to 

control, contain, and recover NAPL in this area of the GE facility. The information generated as a result of these 

activities was useful in defining the scope of the recent source control investigations; understanding and assessing 

the results of the recent activities; and selecting and designing the supplemental NAPL containment/recovery 

measures proposed herein. A complete summary of the historic information is beyond the scope of this Source 

Control Proposal. However, it can be found in other documentation previously provided by GE. Where appropriate, 

an expanded discussion of relevant historical information is provided with appropriate references. 

This section of the Source Control Proposal also provides a brief summary of the results of field investigations 

conducted between December 14, 1 998 and April 2, 1999. More detailed information concerning these investigations 

is presented in a report entitled Source Control Investigation Report - Upper Reach of Housatonic River (First % 

Mile) [prepared by HSI GeoTrans, Inc. (GeoTrans), dated February 9, 19991, GE's February 16, 1999 and April 26, 

1999 letters mentioned above, and a report entitled Source Control Investigation Addendum Report, Upper Reach 

Housatonic River (First %-Mile) (prepared by GeoTrans, dated June 15, 1999). The following summary focuses 

primarily on information that is directly related to the design of the supplemental containment/recovery measures 

presented herein. 
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1.3.2 Ovewiew of Recent Investigations 

Between December 14,1998 and January 5, 1999, GeoTrans, on behalf of GE, advanced a total of eleven soil borings 

(LSSC-I through LSSC-I 1) at the Site, as shown on Figure 1. Nine of the soil borings were subsequently converted 

into monitoring wells to gauge water table elevations and to monitor for the presence of NAPL. The results of the 

analyses performed as part of these activities are provided in the previously referenced February 9, 1999 report 

prepared by GeoTrans. During this time period, seismic refraction surveys were also conducted by Geophysical 

Applications, Inc. (GAI) to further assess the configuration of the till confining layer beneath the Site and adjacent 

areas. These results were also provided in that report. On January 29, 1999, four shallow soil borings (LSSC-12 

through LSSC-15) were advanced by Blasland, Bouck, & Lee, Inc. (BBL) on behalf of GE at locations along the 

riverbank adjacent to the Site (Figure 1). Soil samples were collected at one-foot intervals to a depth of 6 to 8 feet 

below grade and submitted for laboratory analysis of total petroleum hydrocarbons (TPH). The results of these 

analyses were presented in GE's February 16, 1999 letter to the Agencies and are summarized on Figure 2 of this 

proposal. 

Between March 29 and April 5, 1999, ten additional soil borings (LSSC-20 through LSSC-25, and LSSC-27 through 

LSSC-30) were advanced along the riverbank adjacent to the Site, and two shallow monitoring wells were installed 

at each end of the proposed containment barrier (LSSC-08s and LSSC-18) to assess the presence of NAPL at this 

location. The location of these borings are presented on Figure 1. The ten soil borings were positioned along the 

proposed alignment of the containment wall, as shown in GE's February 16, 1999 letter to the Agencies. A total of 

108 soil samples (including duplicates) were collected from these riverbank borings. Samples were collected to a 

depth of at least 10 feet below grade, depending upon visual observations and sampling technique limitations. Soil 

samples adjacent to and below the depths previously sampled were analyzed in 1 -foot increments for TPH and PCBs, 

and also examined for evidence of NAPLs. These data were presented in GE's April 26, 1999 letter to the Agencies; 

however, these data are re-presented in Table 1 of this proposal. Additionally, a cross-section of the area represented 

by these soil borings is presented on Figure 3. 

With respect to monitoring wells LSSC-08s and LSSC-18, no indications ofthe presence ofNAPL were noted during 

installation or subsequent monitoring of these wells (GeoTrans, June 15, 1999). 

In general, based on the information gathered as a result of the soil boring installations and the geophysical survey 

performed in this area, the stratigraphy of this area is comprised of fill and fluvial deposits which overlay a dense silt 
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and silty sand layer, interpreted to be till. The till unit is at least 40 feet thick at some locations. Finally, bedrock lies 

beneath this till layer at approximately 50 to 60 feet below grade. 
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2. Description of Supplemental NAPL Control 
Measures 

2.1 General 

Based on the results of the recent and prior investigations, supplemental containmentlrecovery measures are proposed 

to further address the known or potential presence of NAPL within the subsurface soils in this area. These proposed 

measures are in addition to the existing containmentlrecovery activities that have been implemented by GE over the 

last several years. As previously indicated, the NAPL monitoring, control, and recovery activities currently being 

conducted along the first '/z mile of the I-Iousatonic River are preventing any significant migration of NAPL into the 

river. The activities proposed herein supplement the existing measures and provide further assurances of NAPL 

containment. The primary component of the proposed supplemental NAPL containmentlrecovery 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 400-foot long steel sheetpile wall parallel to and along 

the edge of the river, as shown on Figure 4. 

The location and depth of the proposed containment barrier was selected based on the results of field investigations 

to include those areas (both vertically and horizontally) where NAPL 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 (and the 

existing NAPL containmentlrecovery measures) and possible effects of future river flooding on the 

migrationlcontainment of NAPL. In addition, the design of the proposed containment barrier also considered the 

future response actions to be performed within the first '/z mile of the Housatonic River. Specifically, for this section 

of the river, GE will be conducting response actions involving river sediments and bank soils. Accordingly, the 

design of the proposed containment barrier considered potential excavation and restoration requirements for the 

response actions for the first !4 mile. 

2.2 Extent and Type of Containment Barrier 

As previously indicated, the existing NAPL control/recovery measures associated with the Site are sufficient to 

preclude any significant NAPL migration. Nonetheless, a sheetpile wall is proposed as an additional and 

supplemental containmentlrecovery measure. The location of the proposed containment barrier has been selected 

based on a number of considerations, including evidence of NAPL andlor soil staining, laboratory analytical results, 

historic groundwater elevations, typical river elevations, and existing bank geometries. A summary of information 
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supporting the proposed horizontal and vertical extent of the sheetpile containment barrier, and type of sheetpile, is 

presented below. 

It should be noted that 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 and are further 

explained in Section 2.3.5. 

2.2.1 Horizontal Extent 

The horizontal extent of the proposed containment barrier is shown on Figure 4. This location has been selected 

based on a review of information obtained from the recent investigations summarized in Section 1.3 and pertinent 

data from prior investigations conducted in this area. Using this information, the location of the proposed 

containment barrier was established to include known areas of NAPL which could potentially migrate toward the 

river. The location and alignment of the proposed containment barrier has been selected considering both light non- 

aqueous phase liquids (LNAPL) and dense non-aqueous phase liquids (DNAPL). DNAPL has been found at the Site 

west of well LS-38; however, it occurs in a trough in the till layer at depths below the river bed. As further detailed 

and evaluated in the June 15, 1999 report prepared by GeoTrans, the till layer in this area slopes away from the river, 

and the trough within the till layer where the DNAPL is found slopes in a direction generally perpendicular to Lyman 

Street. DNAPL has not been found along the riverbank along the proposed alignment of the containment barrier. 

The western extent of the proposed containment barrier will be adjacent to the Lyman Street bridge abutment. In that 

area, the containment barrier would include the area immediately downgradient of monitoring well LS-38. Well LS- 

38 appears to represent the western limit of LNAPL migration. This well has been monitored regularly since its 

installation in 1995. During that time period, LNAPL was detected on only three occasions in extremely small 

quantities (thickness of 0.01 feet). Two well points (P-6 and P-7) located immediately downgradient and downslope 

fiom well LS-38 have been monitored since the latter part of 1994 and have never indicated the presence of NAPL. 

Wells recently installed on the west side of the Lyman Street bridge abutment (LSSC-081 and LSSC-08s) did not 

detect the presence of separate phase NAPL, and there were no indications of staining or sheens near the top of the 

water table. The eastern end of the proposed containment barrier will extend upstream to a location near well point 

P-5 and well LS-24. NAPL has not been detected in these wells or in nearby wells LS-20, LS-22, LS-25, or RW-2. 

Perpendicular wing walls will extend up the bank approximately 40 feet at both ends of the proposed barrier wall. 

Based on these design parameters, the length of the proposed containment barrier along the riverbank is 
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approximately 300 feet. With the addition of the wing walls, the overall length of the proposed containment barrier 

will be approximately 400 feet. 

2.2.2 Vertical Extent of the NAPL Containment Barrier 

Several considerations were taken into account in selecting the vertical extent of the proposed containment barrier, 

including the results from recent and prior investigations; historic, current, and predicted groundwater hydraulics; 

existing and future NAPL containmentirecovery measures; 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 963 to 968 feet), which corresponds to the vertical extent to which NAPL has been detected. 

In addition, the sheetpile will extend approximately I0 feet into the till (at least an elevation of 956 feet) in certain 

areas for geotechnical reasons (i.e., structural integrity of sheetpile wall). If the sheetpile cannot be advanced to the 

design elevation, the embedment requirements will be re-evaluated based on actual field conditions. If necessary, 

tiebacks or other mechanical methods will be used to provide the required support for bank soil removal activities. 

The proposed upper elevation of the containment barrier is between 977 feet to 978 feet, except near the bridge 

abutment where the upper elevation will be at existing grade, as shown on Figure 4. These top of sheetpile elevations 

are generally conservative based on the data summarized on Figure 2. Specifically, as shown on Figure 2, and 

explained previously in GE's February 16, 1999 letter, LNAPL sheens or staining was not observed above an 

elevation of 974 feet, and the TPH values decrease rapidly to low levels at elevations which approach 978 feet. 

In addition to the presence of NAPL and adjacent areas with stained soils, groundwater hydraulics and geotechnical 

considerations were factored into the selection of the location and configuration (e.g., vertical extent) of the proposed 

containment barrier. A summary of this information is presented below. 

2.2.2.1 Historical Groundwater Data 

Historical river levels and adjacent groundwater levels were evaluated using data dating back to 1992. Specifically, 

for the river levels, the data set consists of weekly monitoring results available from between January 1992 and 

January 1999. Weekly groundwater level measurements from several riverbank wells and well points are available 

from September 1992 to January 1999. Weekly monitoring data for the river and three of the representative nearby 
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well points (P-I, P-3, and P-4) are depicted on hydrographs provided in Appendix A (previously provided to the 

Agencies as part of GE7s February 16, 1999 letter). 

As shown on Figure 2 of Appendix A, river elevations ranged from 970.14 to 976.50 feet above mean sea level, with 

an average level of 971.20 feet. During the 7-year monitoring period that was evaluated, four monitoring events 

identified river elevations greater than 974 feet. [Note that modeling performed related to other first % mile river 

activities indicates that the river levels corresponding to a 2-year recurrence interval flow event at the Lyman Street 

Site measure in the range of about 976 to 977 feet.] Groundwater levels in the riverbank well points between 

September 1992 and January 1999 ranged from 970.35 feet to 976.43 feet and averaged 971.2 feet. The average river 

and groundwater levels in this area are significantly below the proposed elevation for the top of the containment wall 

of 977 to 978 feet. 

In general, comparison of the river and groundwater elevation data indicates that groundwater levels are generally 

slightly higher than or nearly equal to river levels. However, during several of the "high-water" monitoring events 

(i.e., when the river level was above 974 feet), the groundwater levels were lower than that of the river, indicating 

a landward flow direction. A groundwater level contour map representing low-water conditions is presented in 

Appendix A. Less frequent high-water conditions (i.e., river level above 974 feet) are also presented in Appendix 

A. It should be noted that the high-flow river event that occurred on June 15, 1998 was not contoured because 

groundwater levels along the riverbank were not measured concurrent with that event. Although the river could 

conceivably overtop the proposed containment barrier wall of 977 to 978 feet on rare occasions, such occurrences, 

if any, would be expected to be short-term. It is also expected that during such occurrences, the groundwater gradient 

will be landward along the riverbank due to river water infiltration. Also, LNAPL is not expected to migrate 

vertically to or above 977 to 978 feet as evidenced by the TPH sampling results and visual observations of soil cores 

in the riverbank, summarized on Figure 3. 

2.2.2.2 GeotechnicallStructural Considerations 

Concurrent with the preparation of this Source Control Proposal, GE has evaluated and proposed response actions 

for the bank soils and sediments within the first '/z mile of the Housatonic River (i.e., between Lyman Street and 

Newell Street). A work plan identifying such response actions was submitted by CE to the Agencies on June 25, 

1999. 
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With respect to the proposed containment barrier, the depth of the proposed sheetpiling (to an elevation of 

approximately 956 feet) facilitates the removal of approximately 2 feet of sediment from the portion of the river 

located immediately adjacent to the sheetpiling as proposed in the First '/z Mile Work Plan (approximate removal 

elevation of 967 feet). Appendix C to this Source Control Proposal provides the supporting geotechnical and 

structural calculations. 

2.2.2.3 Predictive Groundwater Modeling 

The groundwater I~ydraulics associated with typical hydrogeologic conditions in this area were modeled by GeoTrans 

using the publicly available and well-documented MODFLOW program. The model extends from 41 0 feet southwest 

of Lyman Street to 470 feet beyond the northeast edge of the parking lot. Vertically, the model extends from the 

water table to elevation 930 feet. This three-dimensional model uses a grid consisting of 65 rows and 95 columns 

represented with eight layers to simulate the flow system. The Housatonic River and the existing groundwater 

pumping wells are included in the simulation. A detailed discussion of the modeling with graphical output is 

provided in Appendix B; a summary is provided below. 

The model boundary conditions consist of constant head boundaries to the northwest (East Street) and to the southeast 

(Housatonic River). The northeast and southwest boundaries are modeled as no flow because they represent flow 

lines. Groundwater discharge to three recovery wells (RW-I, RW-2, and RW-3) are modeled using constant head 

boundaries, The bottom boundary of the model represents no flow. The river elevation is modeled as decreasing 

linearly from an elevation of 971.6 feet in the east to 971 .I feet in the west. 

The model was calibrated using average water levels from 37 monitoring wells and the average groundwater 

extraction rates from recovery wells RW-I, RW-2, and RW-3. After calibration, two simulations were performed, 

one with a barrier extending from the water table to an elevation of 960 feet and the second with the bottom elevation 

of the barrier at 950 feet. The lateral extent of the modeled wall ran from well LS-38 southward along the Lyman 

Street bridge abutment, east along the bank of the Housatonic River to well P-5, and north to well LS-24. The model 

demonstrates that the wall will not significantly affect the hydrogeologic flow regime of the Site and that the existing 

recovery wells will continue to effectively capture LNAPL at the Site. The wall will potentially cause a slight 

decrease in the water elevations across the Site and the pumping rates of the recovery wells. Pumping rates in wells 

RW-I R, RW-2, and RW-3 during the model simulation were reduced by 29,24, and 20 percent, respectively. Also, 

there was no significant difference between the simulations with the bottom of the wall at 960 or 950 feet. 
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2.2.3 Selection of Containment Barrier Type 

The proposed containment barrier will be constructed of a steel sheetpile wall with sealable joints. Similar steel 

sheetpiling has been successfully installed at two locations less than !h mile upstream at GE's Building 68 and East 

Street Area 2 Site. 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 advance the sheeting approximately 

10 feet into the till layer. The sheeting will be driven into place with a vibratory or impact hammer. Waterloo 

BarrierTM sheetpiling consists of a L-shaped steel sheetpile section, which has a cold-rolled joint that is larger than 

a typical hot-rolled joint and therefore facilitates sealing to form a low-permeability barrier. Extensive field testing 

at the CFB Borden site in Canada and at other locations has demonstrated that permeabilities of 1 x10" to 1 X I  O'1° 

cm/sec are achieved in practice. Waterloo BarrierTM has also been installed at a number of sites in the United States, 

including Hill Air Force Base (Utah), Lowry Air Force Base (Colorado), Dover Air Force Base (Delaware), and 

Alameda Naval Station (California). 

Common joint sealants for the Waterloo barrier and other sealable sheetpile walls include bentonite, vermiculite or 

cementitious grouts; epoxies; and other organic polymers. The potential deflection of the wall has been calculated 

for various loading conditions that may be expected during the response actions associated with the first % mile of 

the river. The tensile stress and strain due to bending were compared to the properties of a typical grout to evaluate 

if significant cracking would be likely. These analyses (included in Appendix C) indicate that the wall system is very 

stiff and that potential deformations are insignificant and unlikely to cause cracking of the grouted joint. 

Nevertheless, since there will be future construction activities performed in the vicinity of the containment barrier 

during the sediment and bank soil response actions for the first K mile, the sheetpile joints will be left ungrouted until 

the completion of the response actions to avoid potential joint damage that may be caused by construction-related 

impacts. 

The expected life of the sheetpile containment barrier is in excess of 60 years. Corrosion of steel sheetpiles requires 

either the presence of low resistivity or low pH materials in moist, aerobic environments, or the presence of sulphate- 

reducing bacteria in anaerobic conditions. None of these conditions appear to be present at the Site. Historic 

groundwater pH values from wells in the area are 6.6 to 7.8 (LS-10 through -13, LS-20, LS-22 through -25, LS-32, 

and LS-33). Published information indicates that sheetpile corrosion may be significantly accelerated due to acidic 

conditions only in environments with pH of less than 4. The specific conductance of groundwater from these wells 
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was measured to be 0.145 to 1.9 mSicm. These specific conductances are within the range of potable water, 

indicating a non-saline, and therefore low-corrosivity, environment. 

Published data indicates that the buried components of the steel sheetpiling, even if installed in materials such as slag, 

are likely to have a corrosion loss of 0.03 mm or less per year resulting in corrosion-related lifespans of 100 years or 

more. Due to the lack of oxygen, normal underground anaerobic environments help protect steel. Exposed portions 

of the sheetpiling may have faster corrosion rates due to the presence of air and water, but would still be less than the 

loss rate of 0.05 mdyear that can be assumed for splash zones in marine environments. Hence, a corrosion-related 

expected lifespan of longer than 60 years is projected. 

2.3 Proposed implementation Activities 

2.3.1 Permits and Approvals I Pre-Mobilization Activities 

All permits and approvals necessary for the implementation ofthe activities discussed above (e.g., DIGSAFE utility 

clearances) will be obtained by either GE or its selected contractor(s) prior to initiation of any on-site activities. Other 

pre-mobilization activities to be performedicoordinated by GE prior to the start of on-site activities will include 

selection of a contractor; discussion with the sheetpile manufacturer regarding availability; and contact with utility 

companies to identify potential subsurface utilities in the riverbank area. 

In addition to these activities, GE is including as Appendix E an evaluation of the potential impacts of the proposed 

project on areas subject to the Massachusetts Wetlands Protection Act (3 10 CMR 10.00). Although approval from 

the Pittsfield Conservation Commission is not necessary to implement this project (since the project is an on-site 

removal action under the Comprehensive Environmental Response, Compensation, and Liability Act), the evaluation 

addresses the substantive requirements of the Massachusetts Wetlands Protection Act. 

2.3.2 Working Limits 

The construction of the proposed containment barrier will require use of the area located north of the Housatonic 

River and entirely within GE-owned property. The paved areas adjacent to the top of the bank will be the primary 

location for contractor equipment and work areas. Current access restrictions (i.e., perimeter fencing and locked 

access gates) will be maintained and supplemented as necessary through temporary measures. While it is anticipated 
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that the contractor's work will generally be restricted to the areas on the bank and immediately adjacent to the bank, 

other existing GE facilities may also be used for required work items such as water sources and excavated soil staging 

areas. The anticipated work limits are shown on the technical drawings included as Appendix D to this Source 

Control Proposal. 

2.3.3 Site Preparation 

A number of site preparation activities will be performedlcoordinated by GE prior to the start of on-site construction 

activities, including contractor mobilization; installation of erosion and sedimentation control measures; clearing and 

removal of existing trees and vegetation as necessary for access; protection of existing structures and facilities; and 

relocation of existing utilities (as necessary). A summary of the various site preparation activities is provided below. 

Once a remediation contractor has been selected and the necessary pre-mobilization submittals have been prepared 

and submitted to GE (including a contractor-specific health and safety plan), the contractor will mobilize to the Site. 

The initial mobilization may include the provision of temporary office facilities, health and safety equipment, and 

materials necessary to conduct the initial site preparation activities. 

Prior to the initiation of vegetation clearing and soil removal actions, the contractor will install the necessary erosion 

control measures. Such measures -- which are expected to include the use of staked hay bales, silt fencing, and silt 

curtains -- will be selected in consideration of the area subject to control measures and the applicable provisions of 

the Massachusetts Wetlands Protection Act. For example, along the base of the river bank, a silt fence will be 

installed. It is also proposed that a silt curtain will be installed within the river along the base of the bank. Any 

control measures that are installed will be inspected on a regular basis and repairedireplaced as needed. 

To facilitate access for the equipment associated with the sheetpile installation, the majority of the existing bank 

vegetation will need to be cleared and removed from the bank. However, with the exception of the lowest portion 

of the bank along the river (which is subject to removal and sheetpile installation), it will not be necessary to remove 

the root structures or stumps associated with the existing vegetation. All vegetation cleared from the Site will be 

disposed of at an appropriately-permitted off-site disposal facility or transported to the appropriate on-plant 

consolidation area. 
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With regard to existing utilities, there is an existing overhead 100 amp, 480 volt electric service and an existing 

telephone line located along the top of the bank. These lines will be rerouted or decommissioned prior to start of the 

project. Finally, the steel sheetpiling will be delivered to the Site and stored in an area located adjacent to the top of 

the bank near the east end of the proposed containment barrier. The sheetpiling will be stored flat on blocking per 

manufacturer's recommendations. 

2.3.4 Removal of Soils and Sediments Adjacent to the Containment Barrier 

Along the length of the proposed containment barrier, it is expected that certain bank soil and sediment removal 

actions will occur within the first 1/2 mile of the river. Additionally, certain removals are necessary to facilitate the 

installation of the proposed containment barrier and to minimize the potential for disturbance and mobilization of 

residual NAPL, if any, which may be located between the proposed containment barrier and the river. The scope of 

these activities is described below. 

Prior to installing the proposed containment barrier, GE will remove (as needed) certain bank soils positioned 

between the proposed containment bamier and the edge of the river. The primary purpose of this pre-installation soil 

removal is to minimize the potential for sloughing of the soils located immediately adjacent to the river during the 

subsequent installation of the steel sheetpiling. As shown on Figure 4, the existing bank soils subject to removal will 

be excavated to a depth approximately equivalent to the typical elevation of 1-foot above the river level (i.e., 972.5 

feet). This removal is anticipated to be required along the full length of the sheetpile wall, except for an approximate 

60-foot stretch of the wall located between the existing piezometer P-7 and the Lyman Street bridge (see Figures 4 

and 5). 

In addition to the "pre-installation" bank soil excavations described above, additional bank soil will be excavated 

along the river side of the sheetpile wall based on the soil boring data collected from this area as reported in GE's 

April 26, 1999 letter. As discussed in that letter, the purpose of those data were to facilitate the assessment of the 

potential presence of LNAPL residuals along the river bank on the riverside of the proposed sheetpile wall, and to 

serve as the basis for additional excavation of soils in this area exhibiting the presence of such materials. Based on 

the evaluation of these data, GE proposes to excavate additional soil along the river side of the sheetpile to an 

elevation of 967.5 feet (as shown on Figure 4), generally between soil borings LSSC-20 and the upstream end of the 

proposed sheetpile wall (near boring LSSC-24). As shown on Figure 3, this area exhibited the highest PCB and TPH 

values observed along the riverbank in this area. Additionally, it corresponds to the area where bank seeps have been 
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historically observed. Below 967.5 feet along this stretch of the riverbank, PCB and TPH values are generally low 

or non-detect. As for the remaining portions of riverbank adjacent to the sheetpile, "deeper" soil excavation beyond 

the "pre-installation" excavation does not appear to be required based on the available analytical data and field 

information. Specifically, as reported by GeoTrans in their June 15, 1999 report, the PCB component of the LNAPL 

found at the Lyman Street is comprised of Aroclor 1254. This is further supported with the results of PCB analysis 

of LNAPL collected recently (June 22, 1999) from recovery well RW-3 (see Figure 4 for location). Those data 

indicated the LNAPL from this well to contain PCBs at a concentration of 146,000 ppm, of which approximately 90 

percent was comprised of Aroclor 1254. As shown in Table 1, PCB concentrations detected in the riverbank soil 

samples collected from borings LSSC-20 and LSSC-27 through LSSC-30 are primarily comprised of Aroclor 1260, 

which is not the main component of the LNAPL found at the Site. Some higher concentrations of Aroclor 1254 are 

present in soil at borings LSSC-27 and LSSC-28. However, it is detected above the water table, and thus it is not 

attributed to the presence of separate phase LNAPL at these locations. Furthermore, well point P-6 is located 

immediately adjacent to these borings and has never shown the presence of LNAPL. 

Nevertheless as a conservative measure, GE proposes to excavate soil to a depth of approximately 2 feet below the 

average water table (to an elevation of 969.5 feet) along the riverbank between soil boring locations LSSC-20 and 

LSSC-30 (See Figure 4). This zone borders the eastern end of the oxbow where LNAPL has been observed in well 

LS-35 and well point P-1 . 

It is expected that the "deeper" soil removal activities associated with the stretch of riverbank described above will 

be performed along with the removal activities to be performed as part of the first !h mile removal actions. During 

the interim timeframe between the initial "pre-installation" bank soil excavations and the "deeper" soil removal/final 

restoration activities, temporary erosion control measures will be implemented as was recently performed by GE as 

part of the containment barrier installations at the East Street Area 2 Site. Figure 5 presents several typical cross- 

sections which illustrate these removal activities. 

It is expected that all soils subject to removal will be transported to and consolidated at the appropriate on-plant 

consolidation area per GE's Detailed Work Plan for On-Plant Consolidation Areas, dated June 1999. Prior to 

initiating the soil excavations described above, a silt curtain will be installed as shown on the technical drawings 

included as Appendix D to this report. Also, as the excavations are performed and prior to the initiation of sheetpile 

installation, a silt fence will be installed along the edge of the river. The silt fence installation is also shown on the 

technical drawings in Appendix D. 
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2.3.5 Sheetpile Alignment and Installation 

The sheetpiling associated with the proposed containment barrier will be installed using a vibratory or impact hammer 

along the approximate alignment shown on Figure 4. Driving will be restricted to daylight hours due to safety and 

noise considerations. As previously mentioned, the alignment may be modified slightly in the field during 

construction in order to better accommodate specific obstructions or slope geometries that may be encountered. The 

primary goals related to installation of the barrier wall are to advance the sheetpiling a distance of 6 to 7 feet from 

the river's edge, allowing for the achievement of a slope of approximately one vertical to one horizontal (1 : 1) upon 

restoration. 

2.3.6 Site Restoration 

Figure 5 illustrates the restoration activities that will be implemented for the lower portion of the riverbank following 

installation of the proposed containment barrier. As described in Section 2.3.4, the soils in the area will be removed 

in order to minimize the potential for sloughing caused by the vibratory or impact nature of the sheetpile installation 

and to remove potential LNAPL residuals which might be present within soils along the riverside of the sheetpile 

wall. The restoration activities for this bank area have been developed in consideration of river hydraulics, existing 

flood storage capacity, and structural considerations. With respect to the remaining portions of the riverbank 

potentially affected by the proposed containment barrier installation, GE will coordinate the restorationlenhancement 

activities with the activities to be implemented as part of the response actions for the first ?4 mile of the Housatonic 

River. 

The primary component of the final lower bank restoration activity involves the placement of stone rip-rap (6- to 18- 

inch diameter) between the existing edge of the river and the proposed containment barrier. This installation -- which 

will be similar in design and aesthetics to the recently completed installation for the Building 68 containment barrier 

and the East Street Area 2 Source Control containment barrier, located approximately %-mile upriver -- has been 

selected for a number of reasons, including the ability to re-establish the relatively steep topography in this section 

of the river with an adequate structural capacity, the ability of the rip-rap material to withstand future river hydraulics, 

and the ability to provide diversity to the existing wetlandslriverbank habitat. 

Modeling of river hydraulics for this section of the Housatonic River (done in association with the ?4 Mile Work Plan) 

indicates that rip-rap with a minimum dimension of approximately 6 inches will be sufficient to withstand river flow 
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events and velocities associated with a 25-year flood event in the range of 6 to 8 feet per second. In addition, the use 

of rip-rap in combination with the proposed containment barrier will provide structural stability of the riverbank in 

this area. From a structural perspective, the placement of the rip-rap materials will occur at an approximate 1 : 1 slope 

(i.e., the approximate angle of repose for these materials) to provide sufficient structural stability for the placed 

materials. 

It is important to note that should the containment barrier installation activities be performed significantly prior to 

the first % mile river activities, those portions of this area which will later be subject to the first % mile river activities 

will be preliminarily restored, as necessary, to control erosion until final restoration measures can be implemented. 

Such erosion control will involve the temporary placement of geotextile(s), grass seed, and/or mulch over the 

disturbed area(s). Depending on the timing of the first % mile removal activities, such measures may not be needed. 

however, provided that the two programs are performed simultaneously. 

2.3.7 Flood Storage 

Restoration conditions associated with a 1 : I  slope along the riverside of the proposed sheetpile wall have been 

evaluated to ascertain: I) the location of the sheetpile wall necessary to result in an approximate I : 1 slope between 

the top ofthe wall (i.e., elevation of 977 or 978 feet) and the edge of the Housatonic River (i.e., considered to be at 

an average elevation of about 971.5 feet); and 2) the potential change in flood storage volume resulting from the 

proposed activities, incorporating re-alignment of portions of the sheetpile to achieve a 1 : 1 slope. 

One component of the Wetlands Protection Act mentioned in Section 2.3.1 is to evaluate the potential changes in 

compensatory flood storage, if any, resulting from the proposed sheetpile installation. It is not expected that there 

will be a significant change in the existing flood storage capacity, but that a slight increase (i.e., gain) in current flood 

storage capacity may result from the proposed activities. GE has preliminarily evaluated changes in compensatory 

storage due to this project by developing several representative riverbank cross-sections under both existing and 

anticipated post-construction activities. These cross-sections (1 2 locations in total) were used to identify topographic 

changes between the existing and post-construction conditions, and subsequent calculations of lost/gained flood 

storage by depth increments. Table 2 summarizes the results of these calculations for each of the 12 cross-sections. 

Figures 6, 7, and 8 depict three typical cross sections used in this evaluation (see Figure 4 for locations of these cross 

sections). 
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Several assumptions were made as part of this evaluation: I ) both existing soil and rip-rap backfill were assumed to 

have similar porosities; 2) permeability differences between soil and rip-rap were ignored; 3) rip-rap will constitute 

the entire fill volume (i.e., triangular solids with a length of about 20 feet per transect, height of 5.5 to 6.5 feet, and 

base of 5.5 to 6.5 feet); and 4 )  potential flood storage capacity changes that may result from work in the first % mile 

of the Housatonic River stream bed have not been evaluated. 

If it is assumed that the porosities and permeabilities of the existing soil and rip-rap backfill are both similar and 

inconsequential, assessing the change in flood storage capacity is reduced to a comparison of material present prior 

to, and following, removal and restoration operations. The resultant change in flood storage capacity is a gain of 

approximately 13 cy. Figures 6, 7, and 8 depict three cross sections typical of the minimal changes in grade along 

the proposed sheetpile wall. 

The need for post-construction erosion control measures will be evaluated based on the condition of the bank at the 

end of construction and the expected timing for commencement of response actions in this area related to the first 

% mile ofthe Housatonic River. Since portions of the bank may be subject to response actions associated with the 

first % mile, backfilling, restoration, and erosion control activities will be limited to those that are necessary to control 

erosion until final measures can be implemented. 

2.4 Future Monitoring Activities 

The potentiometric conditions and NAPL recovery systems will continue to be evaluated based on future monitoring 

data acquired following installation of the containment barrier. The monitoring results will be provided in the 

monthly status reports. Future monitoring will be utilized to assess whether changes to the currently operating 

conditions are warranted. Groundwater monitoring will be done consistent with ongoing activities, with any 

modifications to be made with Agency approval. Monitoring wells LSSC-08s and LSSC-18 will be added to the 

current weekly monitoring program. 

The physical condition of the riverbank will be monitored weekly following completion of the containment barrier 

construction and until the response actions for the first % mile of the Housatonic River commence in this area. Future 

monitoring of the bank will be incorporated into the long-term monitoring program for the first 54 mile of the 

Housatonic River. 
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Existing wells and well points along the riverbank will be protected to the extent practical during construction 

activities. It is anticipated that some of the well points may need to be abandoned prior to construction. Abandoned 

monitoring wells and well points will be replaced after final bank restoration activities are completed. 
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3. Summary and Anticipated Schedule 

This Source Control Proposal describes the activities recently performed by GE related to the presence of NAPL in 

the vicinity of GE's existing recovery systems at the Lyman Street Site and the adjacent riverbank area. Included 

herein is an overview of field investigations conducted by GE to determine the presence and extent of NAPL within 

the subsurface soils along the riverbank in this area. The results of these recent investigations, combined with 

information available from prior investigations in this area, support the selection and design of a proposed NAPL 

containment barrier. Such a barrier, proposed to supplement the containment/recovery measures that are currently 

in place, will involve the installation of an approximately 400-foot long steel sheetpile wall located generally parallel 

to the river and within the lower portion of the riverbank. Both the length and depth of the proposed containment 

barrier have been conservatively selected to encompass areas where small quantities of separate phase and residual 

NAPL are potentially present. In addition, the overall design of the proposed barrier has been determined in 

consideration of future response actions related to the first '/z mile of Housatonic River bank soils and river sediments 

(i.e., between Newell Street and Lyman Street). 

It is expected that the construction of the proposed containment barrier will be performed in 2000, in conjunction with 

the first % mile removal actions. GE will provide a more detailed project schedule following the Agencies review 

and approval of this Source Control Proposal and the First % mile Work Plan submitted on June 25, 1999. 
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TABLE 1 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 

SOURCE CONTROL MEASURES FOR LYMAN STREET SITE 

SUMMARY OF RIVERBANK SOIL DATA -APRIL 1999 

See notes on page 4 
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TABLE 1 (Conttnued) 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 

SOURCE CONTROL MEASURES FOR LYMAN STREET SITE 

SUMMARY OF RIVERBANK SOIL DATA -APRIL 1999 

See notes on page 4. 



rn m m 
TABLE 1 (Continued) 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 

SOURCE CONTROL MEASURES FOR LYMAN STREET SITE 

SUMMARY OF RIVERBANK SOIL DATA - APRIL 1999 

See notes on page 4 
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TABLE 1 (Continued) 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 

SOURCE CONTROL MEASURES FOR LYMAN STREET SITE 

SUMMARY OF RIVERBANK SOIL DATA - APRIL 1999 

Notes: 

1. Samples were collected and screened in the field with a photoionization detector (PID) by Blasland, Bouck & Lee, Inc. (BBL). 

2. Water shake tests were perfomled by BBL on all samples to evaluate the potential presence of LNAPL residuals. 
"No" indicates that no LNAPL residuals were observed. 
"Yes" indicates that LNAPL residuals were observed, or a moderate to strong sheen formed on the water surface during the test 
"Trace Sheen" indicates that a slight sheen formed on the water surface during the test. 

3. Samples were submitted to CT & E Environmental Services, Inc., for analysis of PCBs by EPA Method 8082 and Total Petroleum Hydrocarbons (TPH) by EPA Method 418.1 

4, ppm: Dry weight parts per million 

5. Duplicate sample results are shown in brackets [ ] 

6. ND: Not detected (Practical Quantitation Limit shown in parantheses). 

7.  N/A: Not analyzed - sample not submitted to laboratory or insufficient volume for field analyses. 

8. J: Indicates an estimated value less than the Practical Quantitation Limit. 

9. Feet AMSL: Feet above mean sea level. 

10. The boring designation of LSSC-26 was not utilized 

11. LNAPL: Light Non-Aqueous Phase Liquid 
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TABLE 2 

GE'VERAI, ELECTRIC COhIPANI 
PITTSFIELD, MASSACHITSETTS 

SOURCE COETROI, MEASURES FOR LYMAN STREET SITE 

CALClJLATION OF CHANGES IN FLOOD STORAGE 

972 972 - 973 

0.3 
0.0 

(0.1) 
0.3 

0.0 0.3 
0.0 0.3 

7* 20 0.1 0.6 
20 0.0 0.4 
20 (0.1) (0.4) 

10 20 0.0 0.0 
11* 20 0.0 (0.1) 
12 20 0.0 0.3 

Total: I 0.0 0.3 

Notes: 

1. Area and volume estimates represent total estimated excavations associated with both the Source Control and the First 112 Mile River activities 

0.1 
0.0 

5 20 0.0 0.2 
20 0.0 0.2 

7 * 20 0. I 0.4 
20 0.0 0.3 
20 (0.1) (0.3) 

1 0  20 0.0 0.0 
I]* 20 0.0 (0.1) 

0.0 0.2 
1 Total: 1 0.0 1.2 

2. * - Transects 1 1. 7, and 3 are illustrated on Figures 6, 7, and 8, respectively 

Change in 

973 - 974 

0 9 
(0.3) 
(03)  
0.6 
0.8 
1 . 1  
1.3 
0.8 

(0.8) 
0.0 

(0.3) 
0.8 

38.1 
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Flood Storage 

974 - 975 

1.3 
(0.8) 
(0.5) 
0.8 
I .0 
2.0 
1.8 
I .  I 

(1.3) 
0.0 

(0.8) 
1 .0 

46.8 

Change in 

973 - 974 

0.5 
(0.2) 
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1 INTRODUCTION 

A groundwater modeling analysis of the Lyman Street Site in Pittsfield, 

Massachusetts was done to evaluate hydrogeologic changes that could potentially result from 

the installation of a proposed sheetpile wall. 

The proposed sheet pile wall will supplement the existing LNAPL containment 

systems. Monitoring data and this model indicate that the existing groundwaterNAPL 

pumping containment systems are preventing any significant migration of LNAPL to the 

Housatonic River. The proposed sheet pile wall will provide further assurance of LNAPL 

containment as part of the continuing remediation activities. 

The model was developed to evaluate potential changes to groundwater flow 

directions, pumping rates and vertical hydraulic gradients which could result from the 

installation of the sheet pile wall. Specifically groundwater flow directions at the ends of the 

sheet pile wall and changes in vertical gradients near the river were evaluated. 

The following sections of the report present the Site conceptual model, numerical 

model construction and results of the model analyses. 
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2 SITE CONDITIONS 

2.1 SITE DESCRIPTION 

The Site, designated by the Massachusetts DEP as the Lyrnan Street Site and by the 

USEPA as Area 5A, is located along the Housatonic River in Pittsfield, Massachusetts. The 

Site consists of a former GE parking lot, a strip of land along the riverbank to the south of the 

Lyrnan Street parking lot, and a strip of land owned by Western Massachusetts Electric along 

the east side of the Lyman Street parking lot. The Site covers an area of approximately five 

acres and is bounded by Lyman Street on the west and the Housatonic River on the south. 

Previous investigations have detected the presence of LNAPL and DNAPL beneath the site. 

GE currently maintains a NAPL containmentirecovery system in this area, which includes 

active groundwater and NAPL extraction from three on-site recovery wells and the use of oil 

absorbent booms in the river at the base of the river bank. As a supplement to these measures 

and to further minimize the potential for any NAPL migration towards the river, GE has 

proposed to install a sheet pile wall adjacent to the river bank. A site map which shows the 

locations of monitoring and recovery wells installed during previous investigations, is 

presented in Figure 2- 1. 

2.2 STRATIGRAPHY 

The Site is underlain by fill and fluvial deposits overlying a basal till layer. The fill 

ranges in thickness from zero to 20 feet. The underlying fluvial deposits consist of thinly 

bedded fine to medium sand with lenses of coarse sand and sandy gravel. The fluvial 

deposits range in thickness from less than one foot to more than 30 feet. These fluvial 

deposits overlie the basal till layer. Data from numerous borings indicate that the till is 

continuous beneath the Site. The top of till is highest in the central portion of the Site and 

slopes to the northeast and southwest. In the central portion of the Site, a fine to medium 

grained sand unit was observed within the till at boring LS-14, and monitoring wells LS-25 

and LSSC-10. The sand unit is not continuous beneath the Site. At the eastern side of the 

Site (boring LSSC-02), the till was encountered between the depths of 38 to 50 feet, directly 

underlain by bedrock. At the western side of the Site (boring LSSC-1 I), the till was 
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encountered at a depth of 22 feet and extended to the end of the boring, at a depth of 60 feet. 

The sand unit detected within the till at sampling locations LS-14, LS-25 and LSSC-10 was 

not encountered in either boring LSSC-02 or LSSC-11. 

2.3 HYDROGEOLOGY 

Prior to the installation of the active pumping wells, groundwater in the 

unconsolidated deposits beneath the Site flowed generally from the north to south. The 

horizontal gradient across the Site ranged from 0.007 to 0.03. Three extraction wells have 

created localized cones of depression that result in groundwater being diverted toward, and 

captured by, these wells. Vertical gradients are upward at the Site with the exception of local 

downward gradients within the cones of depression created by the three pumping wells 

Based on prior slug test data from Site monitoring wells, the hydraulic conductivity 

of the fill ranges from 1.4 to 1 13 ftiday. The range of hydraulic conductivity values reported 

for the sand is 2.9 to 130 ftiday. A hydraulic conductivity value of 0.01 7 ftiday was 

measured in the till. Average precipitation in the site vicinity is 46 idyr. Average recharge 

due to precipitation is estimated to be 10 idyr regionally (Blasland, Bouck & Lee, Inc., 1999) 

but may vary locally. Three active recovery wells, RW-IR, RW-2, and RW-3 are located 

along the southern site boundary in the fill and sand deposits. Recovery well RW-IR, which 

is a replacement for nearby recovery well RW- 1, began operation in October 1998. The 

pumps in the wells are operated by automated controllers which maintain the water level 

within a specified range. Based on flow-totalizer readings from August 1997 to July 1998, 

the average pumping rates in RW-I, RW-2, and RW-3 are 1.3, 2.0, and 3.3 gallonsiminute, 

respectively. The average pumping rate in RW-IR, from October 1998 to May 1999 was 2.6 

gallons/minute. 
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3 GROUNDWATER FLOW MODEL 

3.1 GENERAL MODEL CONSTRVCTION 

The groundwater model covers an area from approximately East Street along the 

northwestern Site boundary to the Housatonic River along the southeastern Site boundary. 

The modeled area extends approximately 410 feet southwest of Lyman Street to 

approximately 470 feet beyond the northeastern edge of the parking lot area. Vertically, the 

modeled area extends from the water table (approximate elevation of 971 to 976 feet) to an 

elevation of 930 feet.? The bottom layer of the rnodel represents bedrock in the eastern 

portion of the Site and till in the western portion of the site. The bottom of the model is a no- 

flow boundary. 

Groundwater flows into the modeled area through the unconsolidated deposits along 

the northwestern model boundary. This upgradient boundary is represented in the rnodel as a 

constant head boundary. The northeastern and southwestern mode! boundaries, which 

correspond to flow lines, are represented in the rnodel as no-flow boundaries. Precipitation 

infiltrates the top of the model. Groundwater exits the rnodel near the southeastern boundary 

at the three recovery wells and along the Housatonic River beyond the lateral limits of the 

capture zone of the recovery wells. The river is included in the model as a constant head 

boundary. 

3.2 MODEL CODE 

The computer code MODFLOW which was developed by the USGS (McDonald and 

Harbough, 1984) was used to simulate groundwater flow. MODFLOW is a three- 

dimensional finite-difference groundwater flow model code that has been thoroughly tested 

and is widely accepted. The proposed sheetpile wall was modeled using the horizontal-flow 

barrier module developed to work with MODFLOW (Hsieh and Frecklton, 1993). 

Groundwater Vistas (ESI, 1998) a pre- and post-processor designed to work with 

MODFLOW was used to facilitate data input and graphical representation of the model 

output. 
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3.3 GRID AND LAYERING 

The model grid consists of 65 rows and 95 columns with variable grid block spacing. 

Grid block lengths range from five to 50 feet. Five foot grid spacing is used in the vicinity of 

the pumping wells and the proposed sheet pile wall. The grid spacing gradually increases to 

50 feet along the west, north and east boundaries (see Figure 3-1). 

The model has eight layers to more accurately represent fill, sand, and till distribution 

and to allow for evaluation of variable sheetpile wall depths. Each layer has a uniform 

bottom elevation. The elevation of the bottom of the model is 930 feet. The bottom layer of 

the model (Layer 8) is 10 feet thick. Layers two through seven are five feet thick. The top 

layer (Layer 1) has a variable thickness (due to the variation in the water table elevation 

across the site) and a uniform bottom elevation of 970 feet. 

3.4 FLOW PARAMETERS AND BOUNDARY CONDITIONS 

The model incorporates three units of varying hydraulic conductivity. These units 

correspond to fill, sand, and till. The hydraulic conductivity distribution in model layers 1 

through 8 is illustrated in Figures 3-2 through 3-9. Ranges of hydraulic conductivity values 

for the fill and sand, based on slug test data, were evaluated during the calibration process. 

Ranges of hydraulic conductivity values for the till were based on typical values for till. A 

range of recharge rates from 5 to 15 inches idyr and spatially varied recharge for the parking 

lot and open areas were also evaluated. 

A constant head boundary condition is specified along the northern model boundary 

in Layers 1 through 8. The constant head was increased by 0.5 feet increments from 976 feet 

in Layer 1 to 979.5 feet in Layer 8 to simulate the upward gradient observed beneath this 

portion of the Site. Along the southern model boundary, constant heads are specified in the 

river in Layer 1. Based on data from river gauges located at the GE East Street Area 2 Site 

and the Lyman Street Site, the modeled hydraulic head in the river is 971.6 feet in the eastern 

most river block and decreases linearly to 971.1 feet in the western most river block. 
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3.5 CALIBRATION 

The model was calibrated to average water level elevations from 37 monitoring wells 

and average flow rates in recovery wells RW-1, RW-2, and RW-3. Water level and pumping 

rate data from the period August 1996 to July 1998 were used to calculate the averages. 

The hydraulic conductivities used in the calibrated model are: 

Where K, corresponds to the horizontal hydraulic conductivity and K, corresponds to the 

vertical hydraulic conductivity. Recharge is specified as a uniform rate of 1 1.8 im'year. 

I 

A comparison of averaged measured (observed) groundwater level data to model- 

calculated groundwater levels is provided in Table 3-1. Model-calculated water levels 

compare favorably to observed water levels as indicated by the residual mean of 0.67 feet. 

The calculated vertical hydraulic gradient at well cluster LS-20 and LS-25 is within five 

percent of the measured vertical gradient. Model-calculated flow rates at the recovery wells, 

also compared favorably to measured flow rates. 

The observed and model-calculated flow rates for recovery wells RW-1, RW-2, and 

RW-3 were: 

Fill - 
Sand 
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Figure 3- 10 shows the model-calculated water table contours. The model-calculated 

layer 1 potentiometric surface is similar to the average water table conditions at the site from 

August 1996 through July 1998. Figure 3-1 1 shows the average observed water table 

conditions at the site from August, 1996 through July, 1998 used for the calibration of the 

model. 
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Table 3-1. Statistical analysis of calibrated rnodel groundwater levels 
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4 SHEETPILE WALL ANALYSIS 

4.1 WALL SPECIFICATIONS 

To simulate the potential effects of the proposed sheetpile wall on water table 

elevations and recovery well pumping rates, the proposed sheet pile wall was simulated by 

adding a vertical "wall" to the calibrated model of the Lyman Street Site. In addition, the 

simulation included replacement recovery well RW- I R in place of RW- 1 to evaluate the 

hydraulic effects of the wall under the current pumping conditions. Two simulations were 

run to evaluate the potential effect of the wall for a possible range of embedment depths. In 

one simulation, the wall extended from the water table in layer 1 to a bottom elevation of 950 

ft. In the second simulation, the wall extended to a bottom elevation of 960 ft The wall was 

assumed to have a thickness of 0.25 inches and a hydraulic conductivity of 2.84 X 1 0-5 ft/day 

(1 O*' cdsec). The simulated sheetpile wall runs from well LS-38, located near the Lyman 

Street bridge, in a northeasterly direction along the bank of the Housatonic River to well LS- 

24. Figure 4-1 shows the modeled location of the proposed sheetpile wall (flow barrier). 

4.2 WATER LEVELS 

The addition of the sheetpile wall to the calibrated model resulted in a decrease in 

water level elevations across the Site. This potential decrease was most pronounced at 

monitoring wells located closest to the sheetpile wall where model calculated groundwater 

levels decrease by up to 0.85 ft. Two wells, LS-4 and LS-23, showed increases in model 

calculated water levels of 0.86 and 0.65 feet. These wells are located next to recovery well 

RW-1, which was actively pumped in the prewall simulation but was replaced with RW-IR 

for the wall simulations. Table 4-1 summarizes the potential changes in water level elevation 

at monitoring wells due to the installation of the wall. The model-calculated potentiometric 

surface of layer 1 and groundwater flow directions are shown in Figure 4-1 for the simulation 

with the bottom of the wall at elevation 960 feet. As shown on Table 4- 1, the model- 

calculated groundwater levels with a wall bottom elevation of 950 ft are very similar to the 

model-calculated water levels with the bottom elevation of the wall at 960 ft. The maximum 

difference in model-calculated groundwater levels between the simulations was 0.01 ft. 
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Figure 4-2 is a potentiometric cross-section perpendicular to the wall along column 40 

in the model grid for the simulation having a bottom wall elevation of 960 ft. The cross 

section location is shown on Figure 4-1. Because the water level elevations in the recovery 

wells are controlled by level sensors, the addition of the sheetpile wall does not significantly 

change the recovery well capture zones or vertical gradients at the site. 

Although site characterization activities indicate that no DNAPL exists near the river, 

an evaluation of the potential for vertical hydraulic gradients beneath the river to mobilize 

DNAPL toward the river was performed. With the sheetpile wall in place, the model 

indicates that the vertical hydraulic gradient immediately beneath the river adjacent to the 

wall is slightly upward ranging from zero to 0.002. An upward hydraulic gradient can 

theoretically counteract the downward migration of DNAPL. The minimum hydraulic 

gradient, in, sufficient to prevent DNAPL from sinking vertically downward due to gravity is 

related to the density contrast between the DNAPL and water. It can be obtained with the 

following equation (Cohen.and Mercer, 1993): 

where: 

in= The critical hydraulic gradient necessary to prevent downward DNAPL 

migration 

p,= DNAPL density 

p,= Water density 

The theoretically derived minimum hydraulic gradient needed to prevent DNAPL 

from sinking vertically downward is calculated using the equation above and the measured 

Lyman Street DNAPL densities 1.071 to 1.165 glml (HSI GeoTrans, 1999). The resulting 

minimum upward hydraulic gradient sufficient to counteract downward migration of the 
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DNAPL is 0.076 to 0.165. Therefore, if the model calculated hydraulic gradient is less than 

0.076, then the upward hydraulic gradient cannot cause DNAPL to flow upward towards the 

river. 

The maximum model calculated upward hydraulic gradient beneath the river is 0.002 

which is significantly less than the lowest critical hydraulic gradient based on the measured 

density of Lyman Street DNAPL. 

4.3 PUMPING WELL EXTRACTION RATES 

As shown in Figure 4-1, all groundwater flow within the lateral limits of the wall is 

captured by the three recovery wells (RW-IR, RW-2, and RW-3). Additionally, groundwater 

flow paths beyond the lateral limits of the wall (i.e., east of well LS-29 and west of well LS- 

34) are captured by the three pumping systems. The model results also indicate that the 

installation of the wall will reduce the pumping rates of the recovery wells due to the 

reduction of induced infiltration from the river. The simulated percent reductions in pumping 

rates for RW-1 R, RW-2, and RW-3 were 29 percent, 24 percent, and 20 percent, respectively. 
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Table 4-1 Effect of sheet pile wall with bottom elevation at 960 and 950 feet on model- 

calculated water levels 
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Figure 4- 1 Model Calculated Potentlometric Surface with Proposed Sheet Wall 
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5 CONCLUSIONS 

Based on the results of the model analyses performed, the proposed sheet pile wall 

will effectively supplement the existing LNAPL containment systems without negatively 

affecting the ongoing performance of these systems. The model analyses indicate that 

installation of the wall will cause a small reduction in the groundwater levels and recovery 

well pumping rates at the site. The lower pumping rates are due to the reduction in 

infiltration from the river caused by the installation of the sheetpile wall. The model 

silnulations also indicate that the hydraulic gradients and groundwater flow at the ends of the 

wall are towards the recovery wells. As a result, there will be no groundwater or LNAPL 

flow around the ends of the proposed wall. Although no DNAPL has been observed near the 

river an evaluation of model calculated vertical hydraulic gradients was performed. The 

model indicates that the small upward hydraulic gradient with the wall in place will not be 

sufficient to cause DNAPL to migrate upward toward the river even if DNAPL was present. 

HSI GeoTrans, inc. 
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CALCULATION SHEET PAGE I_ OFde) 

PROJECT NO. 20182 

CLIENT CE SUBJECT Sheet~ile Des i~n Calculations Prepared By LHK Date: 6123199 
Reviewed By RDD Date ?. f < 4 

PROJECT Lvman Street Source Control Containment Barrier Tem~orarv Case 1 

TASK: 

To calculate the required embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a 2H: 1V slope 
starting at an elevation of 974.5 feet with soil temporarily excavated to 967.5 feet in front of the wall. The elevation of the top of the 
wall is 978 feet. 

1. NAVFAC DM-7, March 197 1. 

2. Das, B. M. (1990) Principles of Foundation Enmneering, 2nd Ecfition, PWS-Kent Publishing Company 

ASSUMPTIONS : 

Soil unit weight = y = 125 pcf 
Buoyant soil unit weight = y ' = 62.6 pcf 
Exposed height of sheetpile = 10.5 feet 
Height of water behind sheetpile wall above excavation depth = 3.0 feet 

CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 19 through 26). 

(1) Determine net pressure diagram: 

(a) Calculate K, and I(, 
Using Table 1 from Ref. 1 (Sheet 27), wall fkction angle 6 = 14", 

For & , 4I = 32", /3 = O", 6= -14" 

Using Figure 6 on Sheet 28, for /3/@ = 0°/32" = 0, and 6/4I = -14"/32' = -0.44, 

& = R*& (for 6/41 = -1) = 0.678(7.8) = 5.29 

K, = 5.29 - 

For K, , ct, = 32', /3 = tan-'(l/2) = 26.6", 6= 14", 

I 
Since Figure 6 does not provide values for 6 4 ,  use general equation on Sheet 29 instead (with 8= 0). 

K, = cos2@ / { cos 6[ 1 + ( sin ( 4  +6) sin (@ -P)/ (cos 6 cos (-P)))O5I2) 

ma = cos2(32)/ { cos (14)[ 1 + (sin (32 + 14) sin (32-26.6)/ (cos (14) cos (-26.6)))05]2f 

7! 1 2i99 
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PROJECT Lvman Street Source Control Containment Barrier Temworan; Case 1 

(b) Calculate pressures and forces acting on wall. 

All of the following calculations are based on the information provided on Sheets 6 and 19 through 26 

(i) Calculate active pressure and water pressure on wall at EL 967.5ft: 

PI = YLIK, 

el = 226 psf 

e2 = 499 psf 

(ii) Determine location of zero net pressure as distance below excavation elevation (967.5fl): 

(iiij Calculate magnitude and location of active force acting on wall, P. 

EME to determine location: 

Pz, = 1/2p, L, (L3+L2+L,/3)+p1 L2(L3+L2/2)+1/2(p2-p,)L2(L3+L2/3)+1/2p,L,(2/3L3) 

z, = 3.27 ft 

(iv) Formulate equations for pressures acting at the bottom of the sheetpile wall: 

(c) Satisfy principles of statics. 
8 
@ CFH = 0 

7ilW99 
TEMPI WPD 
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CLIENT GE SUBJECT Sheetvile Desim CaIculations Prepared By LHK Date: 6/23/99 
Reviewed By RDD Date 7tiZ /[I cz 

PROJECT Lvman Street Source Control Containment Barrier Temuorarv Case 1 

P-0.5p,L4+O.5(p3+p4)L5 = 0 

Solving Eq. 3 for L,: 

Combining Eqs. 1 ,2 ,4 ,  and 5 and simplifying yields: 

L;+A,L:-A2L,2-A3L4-A4 = 0 

where 

A ,  = Ps 

Y '(Kp -Ku) 

A, = 13.66; A, = 51.57; A, = 781; A, = 1894 
By trial and error: 

Using Eqs. I,  2, and 4 : 

L.4 

9 

8 

8.1 

Equation 

3419 

-353 

-40 
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PROJECT Lvrnan Street Source Control Containment Barrier Tem~orarv Case 1 

- 
(d) Determine required embedment depth. 

Increase D by 10 percent (F.S.=1.25 for temporary construction condition) - D = 10.7 ft 

12) Calculate the maximum bending moment. 
(a) Determine location of maximum moment as distance from Point E (see Sheets 6 and 19 through 26 for clarification): 

(b) Calculate maximum bending moment: 

13) Calculate required section modulus: 

where f, = 25 ksi for allowable stress on a, = 36 ksi steel. 

S=5.3 in3 

The section modulus, S, is less than 24.9 in3 for WEZ-95, therefore OK. 

7l12199 
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PROJECT Lvman Street Source Control Containment Barrier Temnorarv Case 1 

CONCLUSIONS 

For an exposed wall height of 10.5 feet with a 2H: 1V slope of soil starting at 974.5 feet, the required embedment depth is 10.7 
feet for a factor of safety of 1.25 under temporary construction conditions. A 2 1.2-foot long sheetpile is required. The section 
modulus of a WEZ-95 sheetpile is acceptable. 

7/12/99 
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PROJECT Lyman Street Source Control Containment Barrier Tem~oraw Case 2 

TASK: 

To calculate the required embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a 2H: 1V slope 
starting at an elevation of 974.5 feet with soil temporarily excavated to 967.5 feet in front of the wall. The elevation of the top of the 
wall is 977 feet. Note: th~s configuration is also being used to represent the deepest river excavation, which slopes doun from 972.5 
feet at the wall to 967 feet in the river. 

REFERENCES: 

1. NAVFAC DM-7, March 197 1. 

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

ASSUMPTIONS: 

Soil unit weight = y = 125 pcf 
Buoyant soil unit weight = y' = 62.6 pcf 
Exposed height of sheetpile = 9.5 feet 
Height of water behind sheetpile above excavation depth = 3.0 feet 

CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 19 through 26). 

(1) Determine net pressure diagram: 

(a) Calculate K, and K, 

a Using Table 1 from Ref. 1 (Sheet 27), wall fnction angle 6 = 14", 

Using Figure 6 on Sheet 28, for PI$ = 0 "132" = 0, and 614, = - 14 "132" = -0.44, 

K, = R*K, (for 614 = -1) = 0.678(7.8) = 5.29 

K,= 5.29 - 

For K, , 4 = 32", P = tan-'(112) = 26.6", 6= 14", 

Since Figure 6 does not provide values for 6*4,, use general equation on Sheet 29 instead (with 0= 0). 
a 

K. = cos24, I ( cos 6[ 1 + ( sin ($ + 6) sin ($ -P)/ (cos 6 cos (-p)))05j2) 
= cos2(32)/ ( cos (14)[ 1 + (sin (32 + 14) sin (32-26.6)l (cos (14) cos (-26.6)))05]2) a! 

"1 12199 
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PROJECT Lvman Street Source Control Containment Barrier Tem~orarv Case 2 

Q = 2.452 psf 
p, = 6.588 psf 

L, = 1.77 fg 

(d) Determine required embedment depth. 

Increase D by 10 percent (F.S.=1.25 for temporary construction condition) - D = 10.7 ft 

/2) Calculate the maximum bendintf moment, 
(a) Determine location of maximum moment as distance from Point E (see Sheets 6f and 19 through 26 for clarification): 

(b) Calculate maximum bending moment: 

M,, = ~ ( z ,  +z')-[0.5 y '(~')~(&-&)](1/3)z' 

-. 
M,, = 11,050 1b-fv'ft 

&I,,, = 132,596 Ib-in/& 

@) Calculate required section modulus: 

where f, = 25 ksi for allowable stress on o, = 36 ksi steel. 

S=5.3 in3 

The section modulus, S, is less than 24.9 in3 for WEZ-95, therefore OK. 

711 2199 
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CLIENT GE SUBJECT Sheebile Des i~n Calculations Prepared By LHK Date: 6123199 
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Lvman Street Source Control Containment Barrier Tem~oran. Case 2 

P-0.Sp,L4+0.S(p,+p4)L5 = 0 

Solving Eq. 3 for L,: 

Combining Eqs. 1,2,4,  and 5 and simplifLing yields: 

Ld4+AI L43-A2L42-A3L4-A4 = 0 

where 

A, = 13.66; A2=51.57; A3 = 781; Ad= 1894 
By trial and error: 

Using Eqs. 1,2, and 4 : 

71l299 
TEMP2 WPD 

L4 

9 

8 

8.1 

Equation 

3419 

-353 

-40 
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PROJECT Lwnan Street Source Control Containment Barrier Temporary Case 2 

(b) Calculate pressures and forces acting on wall. 

All of the following calculations are based on the information provided on Sheets 6f and 19 through 26. 

(i) Calculate active pressure and water pressure on wall at EL 967.53: 

Pi = YLIK 

g1 = 226 psf 

Rz = 499 psf 

(ii) Determine location of zero net pressure as distance below excavation elevation (967.53). 

&,= 1.65ft 

(iii) Calculate magnitude and location of active force acting on wall, P 

EME to determine location: 

Pz, = 1 1 2 ~ ~  L, (~~+L~+L,/3)+p,L,(L,+L,12)+1/2(pz-pl )Lz(L,+Lz~~)+~/~PzL,(~~~~,) 

al = 3.27 ft 

(iv) Formulate equations for pressures acting at the bottom of the sheetpile wall: 

p, = 4.136 psf 

(c) Satisfy principles of statics. 

CF, = 0 
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PROJECT Lvman Street Source Control Containment Barrier Tem~orarv Case 2 

CONCLUSIONS 

For an exposed wall height of 9.5 feet with a 2H: 1V slope of soil starting at 974.5 feet: the required embedment depth is 10.7 feet 
for a factor of safety of 1.25 under temporary construction conditions. A 20.2-foot long sheetpile is required. The sect~on 
modulus of a WEZ-95 sheetpile is acceptable. 

7:1 2199 
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PROJECT Lyman Street Source Control Containment Barrier Lonp Term Case 1 

TASK: 

To calculate the required embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a 2H: 1 V slope 
above the wall and a soil elevation of 970 feet in front of the wall. The elevation of the top of the wall is 978 feet. 

REFERENCES: 

1. NAVFAC DM-7, March 197 1. 

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

ASSUMPTIONS: 

Soil unit weight = y = 125 pcf 
Buoyant soil unit weight = y' = 62.6 pcf 
Exposed height of sheetpile = 8.0 feet 

CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 19 through 26). 

/ I )  Determine net pressure diapram: 

(a) Calculate K, and K, 
Using Table 1 from Ref. 1 (Sheet 27), wall friction angle 6 = 14", 

For K,; 4, = 323, P = O C ,  6= -14" 

Using Figure 6 on Sheet 28, for Q/@ = 0°/32" = 0, and 6/4, = -14"/32" = -0.44, 

K, = R*K, (for 614, = -1) = 0.678(7.8) = 5.29 

K, = 5.29 - 

For K, , 4, = 32", P = tan-'(112) = 26.6", 6= 14", 

Since Figure 6 does not provide values for a+$, use general equation on Sheet 29 instead (with 0= 0). 

K, = cos2@ / ( cos 8[ 1 + ( sin (4, +6)  sin (4 -PI/ (cos 6 cos (-P)))O5I2) 
= cos2(32)/ ( cos (14)[ 1 + (sin (32 + 14) sin (32-26.6)/ (cos (14) cos (-26.6)))05]2) 

7/8/99 
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PROJECT Lwnan Street Source Control Containment Barrier Long Term Case 1 

(b) Calculate pressures and forces acting on wall. 

All of the following calculations are based on the information provided on Sheets 12 and 19 through 26 

(i) Calculate active pressure on wall: 

PI = YLIK, 

g1 = 425 psf 

g2 = 439 psf 

(ii) Determine location of zero net pressure as distance below river bottom elevation: 

= 1.45 ft 

(iii) Calculate magnitude and location of active force acting on wall, P. 

CME to determine location: 

Pz, = 1/2p,L, (L,+L2+L,/3)+p,L2(L,+L2/2)+1/2(p2-p,)L,(L,+L2/3)+~~2p2L,(2/3L,) 

z1 = 3.65 ft 

(iv) Formulate equations for pressures acting at the bottom of the sheetpile wall: 

p, = 5,562 psf 

(c) Satisfy principles of statics. 

TF, = O 
Y 

7/8/99 
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Solving Eq. 3 for L5: 

Combining Eqs. 1,2,4,  and 5 and simplifying yields: 

Ld4+A, Ld3-A2L,'-A3L4-A, = 0 

where 

A, = 18.37; A, = 56.18; A, = 1,082; A, = 3,023 
By trial and error: 

Equation -1 

Using Eqs. 1,2: and 4 : 

-"W99 
PERM WPD 
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PROJECT Lyman Street Source Control Containment Barrier Lonp Term Case 1 

fi = 2.543 psf 
p, = 8.105 psf 

L, =1.61 ft 

(d) Determine required embedment depth. 

Increase D by 20 percent (F.S.=l SO) - D = 11.8 ft 

42) Calculate the maximum bendin? moment. 
(a) Determine location of maximum moment as distance from Point E (see Sheets 12 and 19 through 26 for clarification): 

(b) Calculate maximum bending moment: 

M,, = P(z,+z7)-[O.Sy '(z')2(I$,-K,)](113)z' 

M,, = 13,069 1b-fu'ft 

?vJm,, = 156.830 Ib-in/ft 

13) Calculate required section modulus: 

where f,, = 25 ksi for allowable stress on a, = 36 ksi steel. 

S = 6.3 in3 

The section modulus, S, is less than 24.9 in3 for WEZ-95, therefore OK 
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CONCLUSIONS 

For an exposed wall height of 8.0 feet with a 2H: 1V slope behind the wall, the required embedment depth is 11.8 feet for a factor 
of safety of 1 .50. Rounded to the nearest foot, a 20-foot long sheetpile is required. The section modulus of a WEZ-95 sheetpile 
is acceptable. 

7/8!99 
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PROJECT Lman Street Source Control Containment Barrier Permanent Case 2 

TASK: 

To calculate the required embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a 2H: 1V slope 
with soil at an elevation of 969 feet in front of the wall. The elevation of the top of the wall is 977 feet. 

REFERENCES: 

1. NAVFAC DM-7, March 197 1. 

2. Das, B. M. (1990) Princiules of Foundation En~ineering, 2nd Edition, PWS-Kent Publishing Company. 

ASSUMPTIONS: 

Soil unit weight = y = 125 pcf 
Buoyant soil unit weight = y'  = 62.6 pcf 

- Exposed height of sheetpile = 8.0 feet 

CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 19 through 26) 

/ I )  Determine net pressure diagram: 

(a) Calculate I(, and K, 
Using Table 1 from Ref. 1 (Sheet 27), wall friction angle 8 = 14", 

For K,, , @  = 32", P = O0, 8= -14" 

Using Figure 6 on Sheet 28, for P/ct, = 0°132" = 0, and 81+ = -14'132" = -0.44, 

K, = R*& (for 814 = -1) = 0.678(7.8) = 5.29 

K, = 5.29 - 

For K, ,6, = 32", P = tan-'(112) = 26.6", 6= 14", 

Since Figure 6 does not provide values for use general equation on Sheet 29 instead (with $= 0). 

K, = cos2ct, I ( cos 8[ 1 + ( sin (ct, + 8) sin (ct, -P)/ (cos 8 cos (-P)))' '1') 
= cos2(32)/ ( cos (14)[ 1 + (sin (32 + 14) sin (32-26.6)' (cos (1 4) cos (-26.6)))' 5]2) 

71 12/99 
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PROJECT Lwnan Street Source Control Containment Barrier Permanent Case 2 

(b) Calculate pressures and forces acting on wall. 

All of the following calculations are based on the information provided on Sheets 18 and 19 through 26 

(i) Calculate active pressure on wall: 

PI = YLIK, 

el = 368 psf 

P2 = PI +Y 'LZK,+Y wL2 

& = 410 psf 

(ii) Determine location ofzero net pressure as distance below excavation elevation: 

(iii) Calculate magnitude and location ofactive force acting on wall, P. 

CME to determine location: 

Pz, = 1/2p, L, (L3+L2+L,13)+p, L2(L3+L2/2)+1/2(p2-p1)L2(L3+L2/3)+l/2p2L3(2/3L3) 

- 3.63 ft z1- 

(iv) Formulate equations for pressures acting at the bottom ofthe sheetpile wall: 

(c) Satisfy principles of statics. 

CFH = 0 

711 2/99 
PERM2 WPD 
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PROJECT Lvrnan Street Source Control Containment Barrier Permanent Case 2 

P-0.5p3L,+O.5(p3+p,)L5 = 0 

Solving Eq. 3 for Lj: 

Combining Eqs. 1,2,4,  and 5 and simplifying yields: 

L4,+A, L,3-A2L4t-A3L4-A, = 0 

where 

A, = 17.19; At = 54.39; A3 = 998; A4 = 2734 
By trial and error: 

Using Eqs. 1,2, and 4 : 

I+ 

9 

7/12/99 
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Equation 

2974 
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PROJECT Lvman Street Source Control Containment Barrier Permanent Case 2 

(d) Determine required embedment depth. 

Increase D by 20 percent (F.S.=1.50 for temporary construction condition) - D = 11.6 ft 

(2) Calculate the maximum bending moment, 
(a) Determine location of maximum moment as distance from Point E (see Sheets 18 and 19 through 26 for clarification): 

(b) Calculate maximum bending moment: 

M,, = P(z, +~')-[0.5y'(z')~(&-K,)](1/3)~' 

M,, = 12,539 Ib-ftfft 

/3) Calculate required section modulus; 

where f, = 25 ksi for allowable stress on a, = 36 ksi steel 

S=6.0 in3 

The section modulus, S, is less than 24.9 in3 for WEZ-95, therefore OK. 

71 12199 
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CONCLUSIONS 

For an exposed wall height of 8 feet with a 2H: 1V slope of soil behind the wall, the required embedment depth is 1 1.6 feet for a 
factor of safety of 1.50. A 19.6-foot long sheetpile is required. The section modulus of a WEZ-95 sheetpile is acceptable. 

7112199 
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6.3 Cantilever Sheer Piling Penevafing Sandy Soils 

(1) (b) 
Figure 6.6 Canrilevu shcs f  piie penetrsttng sand 

The  fo1low;bg sections (Sccuans 6 .3  rhrough 6.6) present thc mathc- 
matical fomukrion of rhe analysis of canrilcvcr sheer pile walls. Nore thst, 
in some waterfront suucrures, the water level may fiucruatc as rhe result of 
tidal dfccrs. Cpre should be taken in daermining chc water level Char will 
affccc the net pressurc diagram. 

6.3 Cantilever Sheet Piling Penetrating 
Sandy Soils 

T o  develop the relationships for che proper depth of embedment of shcct 
piles drivcn into a granular soil, we refer to Figurc 6.7a. T h e  soil r e i n e d  by 
chc sheet piling above the dredge linc is also sand. The wawr table is louted 
at a depch of L ,  bclow the top of thc wall. Let rht anglc of friction of rhc 

' 

sand be 4. T h e  intensity of thc active pressure at a depth z = LI can bc 
given as 

PI = 7 L , K ,  (6-1) 

K, = Rankinc acrive pressure coefficient = tan2 (45 - 412) 
y = unit wcighr of soil above the water table 

Sirnilsrly, the active prcssure at a depth of o = L, + L2 (that is, ar ghe 
lcvcl of rht drcdge line) is equal to 

where y' = e f f a i v c  unit weight of soil = y,,, - y, 
Now that, at thc lwel of thc dredge linc, rhc hydrostadc pressures from 
bod~ sides of rhc wall are of the same magnirude and canccl each orher. 
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Flguro 1.7 C a n r i l ~ r  S h b ~  pile p n o ~ r a ~ i n g  $and: (a) wriarion ol nm orururd aiasram. 
(b) Varb~ion oJ women( 

In ordcr to dc&c rhc or1 l a t d  presswe below the dredge Lac up 
LO rhe point of m t i o a  0, u shown in Figuse 6.61, anc has m caaddcr tht 
passive p ~ s u r t  ~etiLyi from the Lcfr. side (vr;rtcr sac) reward h e  right sidc 
(land Adt) sad also the ocdve pressure acting from rhr right Jdc toward the 
Idr side of rhc 4. For d cases, igaating che hydnwudc pnssurr Emm 
borh sides af rhc wall, thc zcsiue p m r w  ar a dcpch x can be given as 

whcrc'K, =: Raatine passive pressure eocfiaeac = nn' (45 + 612) 1 
P, 

Hence, rombining Eqs. (6.31 ahd (6.41, the nct btcral prhsurc an be 
obcaintd as 

p = p. - p, (rL, + y'L,)K, - y'(z - L i  - LaXK, - iC3 
= pz - '/l(z - LXK, - K.1 (6.51 

=barr L = L' 3. L2 

. --.. 



I ' - - -  
Fa-22-1999 88 ' 14 USLRND,  EOUCKs % LEE C L c  2 

6.3 Cantilever Sheet Piling Penettaring Sandy Sotls 
. .  . .  

Thc ncr pressure, p, bccomes equal to zero at a depth L, below thc dredge 

p2 - y P ( z  - I.XK, - K,) = 0 

From the preceding cquanon, it is apparent that the slopc of tbe net pra-  
sure dismibution line DEF is 1 verdcal'ra (K, - K,)y' horizontal. So, iq the 
pressure diagram - 

HI3 = p, = L.(K, - K J f  4$ 

At thr b o r n  of the shccr pile, passive pressure(p,) a m  from the right 
toward the lcfr side, and a d v e  pressurc acts from the lefc toward the right 

fl kide of r h e  sheet pilc. So, at i = L - D 
P ,  = (j.L, + 7'L2 + '/'D)K, 

h Ar rhe sarnc depch 
I 

P .  = Y'DK, 

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

P,- P . = P d  = ( Y L ~  + Y'L,)K, + ; /D(K,  - E(3 

= (YL,  + 7'Lz)K, + yfL,(Kp - K,)  + Y'LJK,  - iC,) 
= P S  + Y'L*(K, - K.1 

where P, = (7L, + y'L2)K, t ylL,(I(, - K,) 
D = L,  + L, 

For Ehe snbiliry of rhc wall, thc principles of statics can now be 

1 horizontal forccs per unit length of wall = 0 

and 
' 

moment of the forces per unit length d wall about point B = 0 e. 
For summation of thc hotizonul forces, 

area of the pressure diagram ACDE - area of EFHB 

+ u m o f F H B G = O  

or 

p- l i r ~ 3 ~ '  + % ~ 5 ( P 3  + P') = 0 

where P = area of rhe pressurc diagram ACDE 



S ~ n m i n g  rhc momcnt of all the forces abour poinc B 
l % S  

From Eq. (6.13) 

Combining Eqs. (6.T), (6.10), (6.14), and (6.15) and simpWf!hg them 
funher, one obrains the following four&-degree equadon in terms of L,  . 

Step-by-Srsp Procedure for Obraining 
the Pressure Diagram 

Based o a  the preceding theory, the step-by-scep procedure for obtaining rhc 
pressure dia'&m for a candlcvcr shcct pile wall pcneuaring a granular soil is 
as follows: 

1. e l cu la te  K, and K, . 
2. Calculate p, CEq. (6.1)] and p, mq. (6.2)]. Norc: Lt and L, will be 

given. 
3. Calculate L ,  [Eq. (6.6)]..' 
4. Calculate P. 
5. Calculate 5 (that is, ilrt cmtcr of prcssurc for the arca ACDE) by 

taking inc momcnt about E. 
6. CalcularcpS [Eq. (6.11)]. 
7. Calcubre A, ,  A 2 ,  A,,  and A, p q s .  (6.17) to (6.20)]. 
8. Solve Eq. (6.16) by trial and error to determine L, . 
9. Calculatcp, fEq. (6.10)]. 

... - . . .. . . -.. . . - .  .- . .-. - . . _.__ . - 

- ' . -- -..... _.._. . _._ 



6.3 Cantilever S h e a  Pihag Pentcrating San& Soils 

. -. . . - - 
-70: Calculne-p jEq. (6.7)) . - - -  - - . . . 

9 5 9  
--. . - .  . - 

11. 0bci.h L5 from Eq. (6.15:. 

. -  - .-. -. 12. Now the pressure distribution diagrvn as shown in Figure 6.7a can .--. -.-- _. -  .___.__-  
casiii be drawn. - --- -- f ---.. -- - * -.- _ ...- - . _ _  .- . , . 

13. Obtain the thcormiul dept.!! p q .  (6.12)) of pcnccration 3s L3 - L.. 
T h e  acrual dcprh of penetration is incrcascd by about 20-30%. 

Nocc: Some desipcrs prcZcr to use a f3acr  of safery on rhc  passive 
cw*A Srcssuie cocfficiat at rhc bcg:nning. 13 Lha: wsc, in Stc? 1 

Y 

.I r) 

whcre FS = Bcror of d a y  (usually beween 1.5 u, 2) 

For chis type of analysis, follow Stcps 1 through 12 with the valc: of 
fl K. = ran2 (45 - 4i2) and X?,,,,; (inslead of KJ. Thc a c d  d q i b  of pen- 

I cxiicn can now be dcrcmmed by  addhg L,,  obraincd from Srrp 3, and 
L,  , 05:a:intd from Sccp 8. 

23 Calcularion o f  Maximum Bending Momenr 

? The rutwe of variadon of rhe moment diagram for a canrilevtr shcct pile 
4 is shown in Figurc 6.7b. R e  maxirnum mamenr will occur berwcen the 
painis E and F. T o  obtain the mbxknurn moment (M-) per unit 'lengrh of 
the wall, onc must determine rhc point of z:ro shear. Adopting a new axis z' 

1 ( w i ~ h  origin at poinc E)  for rcro shear 

6.7a1, rhc mamirude of the m~btlm moment can be obtained as 1 

I T h e  sizing af the  n e c a w y  prodle of shc sheer piling is thcn made according 
ta the allowable Amural stress of the s h w  pile material, or 

I7 
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whcrc S = section modulus of the sheet pilc required per unit l e n d  of rhe 
3 U N C N C C  

a,,, = allowable 0 d  s u a s  of the sheer pilc 

Example .6.1 

Refer to Fig- 6.7. For a cxldlc+a sheet pile 4 1  peneuadng a gnnulv soil, 
given: Ll = 2 m, L2 3 m. The p n u k r  sail has 'thc follcnviag pmpenics: 

Makc rhc ntccsury calculations ro dacnninc the theoredal and unul depth of 
pcncmrion. Also dctcnninc the miminum s i x  d shm pitc (scnion modulus) 
n e w .  

Solution 

The step-by-ncp procedure given in Sccrion 6.3 will bc followed here. 

Step 2 

Step 4 

P = YhL, + P , L ,  + %cp, - P'ZL, + '/$iL, 
= x(9.763~2) + (9.763)(3) + x(18.53 - 9.763'13 + y2(18.53)(0.66) 
= 9.763 + 29.289 + 13.151 + 6.115 = 53.32 kN/m 

S ~ c p  5. T a k i n g  rhc momclt about E 
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P, = (YL, + Y'L,)X,+r'L,(K,- I(,) 
= [(15.9)(2) + (1933 - 9.81)323.25 + (19.33 - 9.81)(0.66)(3.25 - 0.307) 
= 196.17 + 18.49 .t 214.66 W/ma 

Stcp 7 

I S u p  8. From Eq. (6.16) 

L', + 7.66L: - 16.65L: - 151.39L4 - 230.72 = 0 

T h e  following n h l c  show rhc salutian of thc pmcding quadon by trial and a o r .  

b u r n e d  L, (ml L& ridc of Eq. (6.16) 

So, L, r 4.8 m 

Stcp 9 

I ' 

Srcp 10 g 
p, 'I y(K, - K,W, = (9.52)(2.943X4.8) = 134.48 kNlm1 -.;$ 

' I  Step 1 1  

Step 12. Th nct pressure disaibuuon d i a w  can n o a  bc drawn, as shown in .-. 
Fimur 6.7~. 

I "  Scep 13. The a d  dcprh of paraadan = 1.3(L3 + LJ = 1.3c0.66 + 4.6) = 7.1 m. 
The rhcoredcd depth of penetration = 0.66 + 4.8 = 5.46 m. 
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I Size of Sheet Piling 

I From Eq. ( 6 2 2 )  

The required irmion modul\u of thc lbeer ile a 

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

Following axe m a  special cases af the mpthemadcal formularim shown in 
Section 6.3. 

Case 1 : Sheet Pile Well wirh the Absence 
of Water Table 

c 
i In the sbsence of thc: water table, the net pressure diagram on the crnrilever 

I ,  sheet pile wall will be as shown in Figure 6.8, which is a modified vmion of 
i 1. Figurc 6.7. Far this figurc 



TABLE 1 
Ult imate  F r i c t i o n  F a c t o r s  and Adhesion f o r  ~ s s i m i l a r  Materials 

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

I Lnte r f  a c e  H a t e r i a l s  (Cohesion) I 

H a s s  conc re t e  on t h e  fo l lowing  foundat ion  m a t e r i a l s  : 
Clean sound rock..............,................... 
Clean g r a v e l ,  g rave l -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  coa r se  .................... sand ,  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 c y  o r  c l ayey  f i n e  t o  nedium 

sand..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fine sandy s i l t ,  n o n p l a s t i c  silt.................. 
Very s t i f f  and ha rd  r e s i d u a l  o r  preconsol ida ted  ............................................ 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.....,.. 
(%sonry 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 l e s  a g a i n s t  the 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  u i t h  s p a l l s . .  ......................... 

Clean sand, s i l t y  sand-gravel  mixture ,  s i n g l e  s i z e  
hard rock fil 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 conc re 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  
fo l lowing  s o i l s  : 

Clean g r a v e l ,  g r a v e  l-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  mixture ,  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  
Fine sandy s i l t ,  n o n p l a s t i c  s i l t .  ................. 

Various s t r u c t u r a l  m a t e r i a l s :  
3asonry 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 . . . . . . . . . . .  

Adhesion C, ( p s f )  1 

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

t an  8 

e 

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  cohes ive  s o i l  (250 - 500 p s f )  
Xediurn 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 t i f f  c o h e s i v e  s o i l  (2000 - 4000 p s f )  

Fr  i c  t i o n  
a n g l e ,  6 

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 

0.40 

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 

35  
29 t o  31 

24 t o  29 

19 t o  2 5  
17 t o  1 9  

22 t o  2 6  
17 t o  19 

2 2 

1 7  
1 
11 - 

22  t o  26  

17 t o  2 2  
17 
14  

35 
3 3  

. 29 
26 
17 





. . 
cosZ (8 + $3) 

SI i -  SIN + T- a s 2  8 ~ 0 ~ ( 8 - 6 )  [ l ~ m ~ ~ e ~ ~ l  d$(e!B) 

K, VALUES ARE SATISFACT~RY m R  6 4  + / 3  BUT ARE UNCOHSERVATIVE FOR 8 ) $3/3 AND 

THEREFORE SHOULD NOT BE USED. 

I J 

FIGURE 8 
C o e f f i c i e n t s  KA and  K p  f o r  Walls with S loping  Wall and  

F r i c t i o n ,  and Sloping B a c k f i l l  



CALCULATION SHEET PAGE '3L O F i l  

PROJECT NO. 20140 

CLIENT GE SUBJECT Grout Cracking Evaluation Prepared By LHK Date: 6123199 
Reviewed Bv RDD Date 7f i L t'7 

PROJECT Lvman Street Source Control Containment Barrier Tem~orarv Case 

TASK: 

To perform a bending deflection and grout cracking evaluation for a sheetpile wall supporting a slope of 2H: 1V with 10.5 feet of 
sheetpile wall exposed (temporap case). 

1. Manual of Steel Construction - h a d  and Resistant Factor Design (1 986). First Edition. American Institute of Steel Construction. 

METHODOLOGY: 

The following procedure was used to evaluate the potential of grout cracking: 

(1) Calculate the deflection of the sheetpile wall at the bottom of the exposed sheetpile 

(2) Calculate total equivalent load on the grout core to match the deflection of the sheetpile wall. 

(3) Determine maximum moment in the grout core. 

(4) Calculate tensile stress in the grout and compare it to the allowable tensile stress. 

CALCULATIONS: 

Sheetpile: 

soil Properties: 

From Sheet 1 : 

Modulus of elasticity = E = 30,000,000 psi 
Moment of inertia = I = 134 in4 (Sheet 36 for a WEZ-95 sheetpile wall) 
Exposed height of sheetpile = 10.5 ft = 126 in 

Modulus of elasticity = E = 4,560,000 psi (see Sheet 33 for calculation) 
Allowable tensile stress = a,' = 740 psi (see Sheet 33 calculation) 
Moment of inertia = I, = 38.5 in4 (see Sheet 33 for calculation) 
Section modulus = S = 7.12 in3 (see Sheet 34 for calculation) 

Soil unit weight = y = 125 pcf = 0.072 pci 
Buoyant soil unit weight = y ' =  62.5 pcf = 0.036 pci mote: 62.5 pcf is used as a simplification 
since it is the average value of the buoyant weight of the soil (62.6 pcf) and the unit weight of 
water (62.4 pcf), and it is within the required accuracy.) 

71 12/99 
GROLT WPD 
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PROJECT NO. 20140 

CLIENT GE SUBJECT Grout crack in^ Evaluation Prepared By LHK Date: 6/23/99 
Reviewed By RDD Date 71 i Z f 5 4 

PROJECT L m a n  Street Source Control Containment Barrier Tem~orarv Case 

(1) Calculate the deflection of the sheetpile wall at the bottom of the exposed sheetpile (Point a). 

Point b is the location of zero net shear, which was determined on Sheet 4. Therefore, based on Sheet 6: 

Using the deflection formula for a Cantilever Beam - Load Increasing Uniformly to Fixed End and for a Cantilever Beam - 
Concentrated Load at Any Point in Ref 1 (Sheet 38 and 39), the loading geometry shown on Sheet 35, and the modulus and moment 
of inertia for the sheetpile: 

where W1 = 0.5K,(yL,2+y'(L2+Dl)2), W, = 0.5(&+K)y'D,', and P = 0.5y,L; 

& = 0.009 in 

(2) Calculate total equivalent load on the grout core to match the deflection of the sheetpile wall. 

The deflection formula for a Cantilever Beam - Uniformly Distributed Load in Ref. 1 (Sheet 34), with the Az$ calculated in Step 2, 
and the modulus and moment of inertia of the grout is used to calculate the equivalent load on the grout core. The length of this beam 
is assumed to be D, wlhlch provides a conservative overestimate of the loading condition (see Sheet 35 for loading geometry). 

w = 0.84 lblin 

7112199 
GROUT WPD 
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PROJECT KO. 20140 

CLIENT GE SUBJECT Grout Crackine Evaluation Prepared By LHK Date: 6/23/99 
Reviewed By RDD Date -?( 12- 1% 5 

PROJECT Lvman Street Source Control Containment Barrier Tem~orarv Case 

(3) Determine maximum moment in the grout core. 

Using the maximum moment formula for a Cantilever Beam - Uniformly Distributed Load in Ref. 1 (Sheet 38): 

lHm,, = 1.655 Ib-in 

(4) Caiculate tensile stress in the grout and compare it to the allowable tensile stress. 

0,' = 232 psi - 

232 psi (calculated) < 740 psi (allowable) OK 

CONCLUSIONS 

Based on the above calculations, it was determined that the stress in the grout is less than the the allowable tensile stress (232 psi < 
740 psi) under a worst case loading condition; therefore, grout cracking is unlikely. 

71 12/99 
GROUT WPD 
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PROJECT NO. 20140 

CLIENT GE SUBJECT Su~~lemental  Calculations Prepared By LHK Date: 6/23/99 
Reviewed By RDD Date 6/23/99 

PROJECT Lvman Street Source Control Containment Barrier 

TASK: 

To determine the allowable tensile stress, the elastic modulus, moment of inertia, and section modulus of the grout core. 

1 .  Merritt, F. S., M.K. Loftin, and J.T. Rtcketts. (1996) Standard Handbook for Civil Eneineers. Fourth Edition. McGraw- Hill 
Companies, Inc. New York, NY. 

CALCULATIONS: 

Allowable Tensile Stress 

The tensile stress of the grout is usually between 7 to 10 percent of its compressive strength. Using 8.5 percent: 

a,' = (0.085) fc7 

where fC7 = specified compressive strength at 28 days= 60 MPa (8,700 psi) from Sheet 37. 

a,' = 740 psi - 

Modulus of Elasticitv 

Using Ref. 1 the modulus of elasticity of the grout, E, is calculated as follows: 

where w = unit weight of the grout = 130 pcf. 

E = 4,560.000 psi 

Moment of Inertia 

Using the parallel axis theorem (Ref. I), the moment of inertia about the parallel axis, I,, is calculated as follows: 

I, = I-+-Ad, 

where I = moment of inertia about centroidal axis for a circle; A = cross-sectional area; dl = distance between centroidal and parallel 
axes (see Sheet 36 for a WEZ-95 sheetpile wall). 

71899 
SUPPl WPD 
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PROJECT NO. 20140 

CLIENT GE SUBJECT Su~~lementa l  Calculations Prepared By LHK Date: 6/23/99 
Reviewed By RDD Date 6/23/99 

PROJECT L m a n  Street Source Control Containment Barrier 

where d = diameter of the grout core. 

Section Modulus 

The section modulus, S, is calculated as follows: 

where c = distance from the outermost fiber of the grout core to the neutral axis of the sheetpile wall (see Sheet 36 for a WEZ-95 
sheetpile wall). 

The allowable tensile strength of the grout core is 740 psi, the elastic modulus is 4,560,000 psi, the moment of inertia is 38.5 in4, and 
the section modulus is 7.13 in3. 

718199 
SUPPI WPD 
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BEAM DIAGRAMS AND FORMULAS 
For various static loading conditions 

For meaning of symbols, see page 3-127 

--- =.- 

:? 
CANTILEVER BEAM-CONCENTRATED LOAD AT ANY POINT 

Total Equiv. Uniform Load 8Pb =-  . . . .  1 I 

M rnax. (at fixed end) 

. 1 --"y M x  (when x > a ) . = P (x-a) 
nL9 

Arnax. ( a t  free end ) 
. . . .  Snear i . - 

aa (at point of load) = - 3EI 
-. I 

ax (when x <a)  

(when r > a) 

CANTILEVER BEAM-CONCENTRATED LOAD AT FREE END 

. . . .  Total Equiv. Uniform Load = 8P 

M rnax. (at fixed end ) 

I I Amax. ( a t f r e e e n d )  . . . .  =- ~ F I  I 

-LECT VERTICALLY BUT I ' :t BEAM FIXED AT ONE END, FREE TO DEF 

I NOT ROTATE AT OTHER-CONCENTRATED LOAD AT DEFLECTED END I 
. . . .  Total Equiv. Uniform Load - 4P 

. . . .  1 1 M max.( a t  both ends ) 2 I - - - 

I . . . . .  
".,.+.., - r t -  

Amax.. (at denectad end) - 12E1 

P ( l - x ) z  ,, , -.. I 



Appendix D 
BIASLAND, BOUCK & LEE, INC. 
e n g i n e e r s  & s c i e n t i s t s  

Containment Barrier Technical Drawings 
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GEOTEXTIE BURIED 6' 
BELOW GRADE 1. ALL MATERIALS SHALL BE FURNISHED AND INSTALLED TO MEET THE APPROPRIATE REWREMENTS OF THE LATEST 

EDITION OF MASSACHUSErrS HIGHWAY DEPARTMENT (MHD) STANDARD SPECIFICATIONS FOR HIGHWAYS AND BRIDGES, 
AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS (AASHTO) STANDARD SPECIFICATIONS FOR 

STEEL POST (U.T. L 
Mi C SHAPE W/MIN. 

TRANSPORTATION MATERIALS AND METHODS OF SAMPUNG AND TESTING. AMERICAN CONCRETE INSTITUTE (ACI) CONCRETE 

S I G H T  OF 1.3 LB. 30 MIL PVC MEMBRANE CODES AND STANDARDS. ASSOCIATION FOR TESTING AND MATERIALS (ASTM) SPECIFICATIONS AN0 STANDARDS. CONCRETE 
REINFORCING STEEL INSTINTE (CRSI). AND AMERICAN WELDING SOCIETY (AWS). 

2. SILT FENCE FABRIC: FABRIC SHALL BE MANUFACWRED BY NICOLON MIRAFI. INC.. AMOCO FABRICS. INC.. OR OTHER 
APPROMD MANUFACTURER. THE FABRIC SHALL BE A WOVEN FABRIC WITH LESS THAN 50% ELONGATION (IN ACCORDANCE 
WlTH ASTM D 4632) AND SHALL CONFORM TO THE TEMPORARY SILT FENCE REQUIREMENTS OF AASHTO M-288. 
SECTION 8. SUMMARIZED BELOW: 

PROPERTY TEST METHOCJ REQUIREMENT 
FLEXIBLE CHAIN ANCHOR GRAB STRENGTH ASTM D 4632 
WEIGHT ( TO BE PLACED MACHINE DIRECTION > 550 N 
ALONG RlMR BOTTOM) X-MACHINE DIRECTION > 450 N 

PERMITTIVITY ASTM D 4491 > 0.05 SEC -1 
1. SEDIMENT DEPOSITS SHALL BE REMOVED W E N  THE DEPOSIT 

REACHES APPROX 6 INCHES ABOM GRADE LEML. 
APPARENT OPENING SIZE ASTM D 4751 < 0.60 MM 
ULTRAVIOLET STABILITY ASTM D 4355 70% AFTER 5 0 0  HOURS 

2. THE SILT FENCE WILL REMAIN IN PU\CE UNTIL A STRONG MGETATIM (RETAINED STRENGTH) EXPOSURE. 
STAND IS ESTABLISHED. 

UNMSNRBED SML 3. STRAW; STRAW BALES SHALL BE OATS. WHEAT. RYE GRAIN. BROOMSAGE OR OTHER STRAW. OR NATIVE GRASS HAY. 
3. THE SILT fENCE WILL BE USED FOR TEMPORARY EROSION AND 

SEDIMENTAWN CONTROL ONLY. U 
4. STAKES: STAKES FOR BALED STRAW FILTER BARRIERS SHALL BE A MINIMUM OF 1" X 2" WOOD OR EWIVALENT METAL 

4. SILT FENCE TO BE CONSTRUCTED AND MAINTAINED IN ACCORDANCE WfTH A MINIMUM LENGTH OF 3 FEET. 
WITH AASHTO M 2 8 8  APPENDIX AS. 

5. STEEL OR WOODEN POSTS SHOULD BE USfD FOR SILT FENCE CONSTRUCTION. THE MAXIMUM POST SPACING 
FOR SILT FENCING SHALL BE 4 FEET. PRE-FABRICATED SlLT FENCE WITH ATTACHED WOODEN POSTS IS ACCEPTABLE 

1. THE SILT CURTlUN WILL B E  USED FOR Tal(PORARY PROWED THE FABRIC MEETS THE REWIREMENTS. POSTS FOR SILT CURTAIN CONSTRUCTION SHALL BE MANUFACNRED 

EROSION AND SEDIMENTATION CMJTROL ONLY. USING ASTM A-36 STEEL OR EWAL. 
NOT TO SCALE 

6. a T  CURTAIN: GEOMEMBRANE SHALL BE 30-MIL PVC HAVING THE MINIMUM PHYSlCAL PROPERTIES INDICATED BELOW: 

SILT CURTAIN DETAIL PROPERTY TEST METHW RECW~REEMNT 

TENSILE STRENGTH ASTM 0-882 >60 LB/IN 
NOT TO SCALE ELONGATION AT BREAK ASTM 0-882 >300% 

TEAR RESISTANCE ASTM 0-882 >9LB/IN 

7. ALL SEEDS SHALL COMPLY WITH LAW OF THE STATE OF MASSACHUSETTS AND THE CURRENT REGULATIONS DULY 
PROMULGATED THEREUNDER. UNLESS OTHERWISE DIRECTED. GRASS SEED MIXES SHOULD MEET M E  REQUIREMENTS OF 

2 RE-BARS. STEEL PICXETS. OR MHO ITEM 6.03.0 SEED FOR SLOPES AND SHOULDERS. THE SEED SHALL BE DELIMRED IN BAGS WITH CERTIFIED TAGS 

2'XZ' WOODEN STAKES DRIVEN STRAW BALE OR LABELS ATTACHED TO EACH BAG SHOWING THE NAME (KIND AND VARIETY). PERCENT Of GERMINATION AND PURIM 
OF THE SEED. AND THE PERCENT OF OBNOXIOUS WEDS AND INERT MATTER. 

8. FERTILIZER: FERTILIZERS SHALL COMPLY WITH THE FERTILIZER LAWS OF THE STATE OF MASSACHUSETTS. UNLESS 
COMPACTED SML OTHERWISE DIRECTED, FERTILIZER WOULD MEET THE REWIREMENTS OF MHO ITEM 6.02.0. ALL FERTILIZERS SHALL BE 

TRANSPORTED IN CONTAINERS W l C H  WILL ENSURE PROPER PROTECTION AN0 HANDLING. 

9. &&&. MULCHING MATERIALS SHALL BE OATS. WEAT. RYE GRAIN. BROOMSAGE OR TO OTHER STRAW. NOR NATIK 
GRASS HAY. IT SHALL BE REASONABLY FREE FROM JOHNSON GRASS AND OTHER OBNOXIOUS GRASSES AND WEEDS. 
MGETATIM MATERIAL THAT IS WET OR THAT HAS BEEN BALED GREEN SHALL NOT BE USED. 

10. gOTEXTILES: GEOTEXTILES USED FOR TEMPORARY OR PERMANENT EROSION CONTROL, INCLUDING PLACEMENT BELOW 
PLACE BALE ON RIP RAP. WILL BE A WOKN MONWILAMENT GEOTEXnLE THAT MEETS THE REQUIREMENTS BELOW: 
GROUND SURFACE 

BEDDING DETAIL 

ANW FIRST STAKE TOWPRO 
PRMOU?LY W D  BALE 

BOUND B U S  PLACED 
ON CONTOUR 11. EROSION CONTROL PRODUCE ROLLED EROSION CONTROL PROOUCTS SHOULD BE SUITABLE FOR THEIR INTENDED 

PURPOSE. THEY SHOULD BE RATED FOR A FLOW KLOCITY Of AT LEAST 6 FEET PER SECOND AND BE CONSTRUCTED TO 
H A M  A LIFESPAN OF AT LEAST ONE YEAR. ROLLED EROSION CONTROL PRODUCTS THAT ARE PLACED BELOW ELEVATION 
973 SHOULD BE RATED FOR A FLOW VELOCITY OF AT LEAST 10 FEET PER SECOND AND H A M  A LIFESPAN OF AT LEAST 
ONE YEAR UNDER M T  CONDITIONS. 

12. RIPRAP: UNLESS OTHERWISE DIRECTED OR SHOW ON THE DRAWINGS. RIPRAP SHALL MEET THE REWIREMENTS OF MHD 
ITEM M2.02.2 - DUMPED RIPRAP, 

13, gOTEXTILE AND ROLLED EROSION CONTROL PRODIJCT PLACEMENT: GEOTEXTILES AND ROLLED EROSION CONTROL 
PRODUCTS WILL BE PLACED AND MAINTAINED IN ACCORDANCE WlTH AASHTO M288 APPENDIX A4. 

1. THE STRAW BALES WILL BE USED FOR TEMPORARY EROSION AND 
SEDIMENTATION CONTROL ONLY. 

LYMAN STREET SITE SUPPLEMENTAL SOURCE: CONTROL CONTAINMENT oote 
. Drown by - --&e/SG- - - 
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Wetland Reconnaissance Report 
Riverbank Area General Electric Company Parking Area 

USEPA AREA 51 MCP Lyman Street Site 
Pittsfield, MA 

The above mentioned area was reviewed for wetlands boundaries on June 29, 1999 by 
Shannon Lombardi of White Engineering, Inc. The resource area was delineated based on 
vegetation alone using the methods described in "Delineating Bordering Vegetated 
Wetlands Under the Massachusetts Wetlands Protection Act, A Handbook", March 1995 
by MA Department of Environmental Protection. The property abuts the Housatonic 
River which has a bordering vegetated wetland (BVW) approximately 5 feet wide. The 
wetland boundary was flagged with orange and white-stripped survey flags numbered WL- 
1 through WL-6 end. Vegetation and topography were adequate to determine the wetland 
boundary. 

The area consists of the riverine system including land under waterway, bank, bordering 
vegetated wetland, floodplain, upland and riverfront area. The land under waterway 
associated with the Housatonic River extends to the bottom of the bank. The associated 
bank is dominated by Red-Osier Dogwood (Cornus stolonrfera), Tartarian Honeysuckle 
(Lonicera tartarica), Eastern Cottonwood (Pol'lus deltozdes) and American Elm (Ulnus 
arnericana). A bordering vegetated wetland averaging 5 feet wide along the 400 feet 
stretch of river is dominated by American Elm (Alms americana), Eastern Cottonwood 
(Popzllus deltoides) and Red-Osier Dogwood (Cornus stolonlfera). At the top of the 
bank the land creates a "shelf' several feet wide along most of the 400 foot stretch of 
river then changes to an upward direction forming the upper bank until leveling off to the 
open lot. From the edge of the bordering vegetated wetland the 100-year floodplain 
extends well into the upland. The entire bank of the river is part of the 100-foot inner 
riparian zone of the riverfront area. 

Wetland Indicator Cate~ories: 

OBL (Obligate Wetland): Occurs almost always (>99%) in wetlands 
FACW (Facultative Wetland): Usually occurs in wetlands (67%-99%) but occasionally 
found in upland environments 
FAC (Facultative): Equally likely to occur in wetland or uplands (34%-66%) 
FACU (Facultative Upland): Usually occurs in uplands (67%-99%), but occasionally 
found in wetland environments 
UPL (Obligate Upland): Occurs almost always (>99%) in uplands under natural 
conditions in this region. May occur in wetlands in other regions of the country. 

The following resource areas present at the site are subject to the Massachusetts Wetlands 
Protection Act; land under waterway (Housatonic River), bank of the Housatonic River, 
bordering vegetated wetland adjacent to the bank, 100 ft. buffer zone from the bordering 
vegetated wetland, floodplain extending from the BVW boundary into the upland and 200 

White Engineering, kc. June 30, 1999 
Page 1 



A: riparian zone from the Housatonic River bank under the Rivers Protection Act. This 
site is not included in an area of estimated wildlife habitat by the Natural Heritage and 
Endangered Species Program. The 400-foot stretch of riverbank is significantly less than 
the 10% allowable disturbance under the Wetlands Protection Act for wildlife habitat 
protection. 

+ P o - - Q w  

Shannon D. Lornbardi 
Environmental Analyst 
White Engineering, Inc. 

White Engineering, Inc. June 30, 1999 
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USEPA Area 51 MCP L?.man Street Site Pittsfield. h.1A 

Site Location 

The location of this proposed activity is designated as DEP Site No. 1-0856, USEPA 
Area 51' MCP Lyman Street Site in the document entitled "Conceptual Containment 
Barrier Design for Lyman Street Site" prepared by BBL, Inc. (February, 1999). The work 
will occur just upstream of the Lyman Street bridge along the bank of the Housatonic 
River. The project site is adjacent to a General Electric Company parking lot which is 
secured with gates and fencing. 

Proposed Pro-iect 

As part of the ongoing activities identified in the source control work plans, the General 
Electric Company is proposing to implement supplemental containment measures. The 
activities subject to the Massachusetts Wetlands Protection Act (3 10 CMTi 10.00) are 
outlined below with associated mitigating measures. 

The proposed project will include installing sheet piling approximately five feet from the 
edge of the lower bank of the Housatonic River. The sheet piling shall have an upper 
elevation of 978-977 feet and the maximum vertical length shall be 20 to 21 feet. 
Erosion control silt fence shall be installed at waters edge, between the proposed sheet 
piling and the water edge. This silt fence shall prevent any soil from entering the river 
during the installation of the sheet piling. An existing containment boom adjacent to the 
work area will be extended to include the entire length of the proposed sheetpile wall. In 
addition, a silt curtain will be installed in the river along the entire length of the work 
area, prior to beginning the work activities. In order to install the sheetpile, the majority 
of the trees on the bank of the river will need to be cleared. The trees which occur along 
the proposed alignment of sheetpiling will be removed, including the roots. Other trees 
in the work area will be cut to ground level to facilitate use of a crane and excavator to 
place the sheets and remove some soil from the toe of the riverbank. The roots of these 
trees will not be removed at this time. In addition, any fence or guardrails along the top 
of the bank will be removed as necessary to allow access by equipment. 

Areas Sub-ject to Work Under the Jurisdiction of the Wetlands Protection Act 

The proposed work is along the bank of the Housatonic River. In this area, a major 
portion of the riverbank has a shelf below the upper bank of the river. This shelf is 
essentially the boundary of a bordering vegetated wetland associated with the river. (See 
enclosed wetland report). Therefore, the following areas are identified as resource areas 
as delineated by White Engineering, Inc. on June 29, 1999: 

Land Under Waterway: The only work being performed within the river is the 
installation of the silt curtain and extension of the existing absorbent boom system. 
These are temporary devices. This resource area extends from the edge of the bank under 
the river water for the entire 400 feet of proposed work area. There is a potential for a 
minimal short-term increase of silt in this portion of the resource area from the work 
activities. However, this potential will be mitigated by the placement of silt fencing 

June 30, 1999 
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USEPA Area 5/  MCP Lyniail Street Site Piitsfield. MA 

along the shoreline and installation of a silt curtain approximatley 3-5 feet from the edge 
of the water. 

Bordering Vegetated Wetland: A strip of bordering vegetated wetland (BVW) exists 
along the lower shelf of the riverbank. See attachments for vegetation analysis. The 
sheet piling and silt fence will be installed within this BVW. This area will also be 
cleared of trees in order to accommodate installation activities. Trees will be cut flush 
with the ground and roots will be removed along the proposed alignment of the sheetpile. 
Roots will not be removed from those trees which occur outside the alignment of the 
proposed barrier wall. Additionally, some soil may be excavated from the lower portion 
of the riverbank to prevent possible sloughing into the river during sheetpile installation. 
Precautions to minimize erosion into the river include the silt fence and silt curtain. The 
proposed work will disturb less than 5,000 SF of BVW. Temporary restoration will 
include the installation of geotextiles and placement of seed and mulch to stabilize the 
bank. These measures are expected to be temporary, less than a year in duration, since 
this area will be subject to firther disturbance during GE's implementation of its 
proposed removal project for the upper ?4 mile of the river. Final bank restoration will 
occur as part of that project. 

Bank: The bank of the river is the first observable break in slope, which is essentially 
the BVW line. This activity will involve approximately 400 linear feet. The majority of 
the existing trees will be removed from the lower portion of the bank. Temporary 
restoration will include the installation of geotextiles, rolled erosion control products or 
mulch, to stabilize the bank. This area will be subject to hrther disturbance during GE's 
implementation of its proposed removal project for the upper 'A mile of the river and final 
bank restoration will occur as part of that project. 

Bordering Land Subject to Flooding: This site is entirely within the 100-year floodplain 
of the Housatonic River according to the FEMA maps. Topographic surveys will be 
done before work begins and after to confirm and adjust any floodplain storage 
compensation as needed. 

Riverfront Area: The installation of erosion controls, sheet piling and clearing of 
vegetation will occur within the 100 ft. inner riparian zone to the Housatonic River. 
Incidental work and storage of equipment and materials will occur within the 100-ft. 
outer riparian zone to the river although no disturbance is proposed in this area. Less 
than 10% of either zone will be disturbed. The final outcome, at the completion of this 
project and the removal project for the upper '/2 mile of the river, will be essentially the 
same as the current physical conditions on the bank. 

June 30, 1999 
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Riverbank of General Electric Company Property 
USEPA Area 51 MCP Lyman Street Site 

Species List 
as observed June 29, 1999 

Trees (3" in dia. to 12" in dia.) Scientific Name Wetland Indicator Category # of Trees 
Northern Red Oak Querczis rubra FACU- 13 
Eastern Cottonwood Popzllzis deltoides FAC 2 
American Elm lilrzzrs americarza FACW- 16 
Red Maple Acer rzrbrtin? FAC 5 
Smooth Sumac 1ihli.s glabra FAC 2 
White Pine t'i~zzts strobus FACU 1 

Trees (over 12" in dia.') Scientific Name Wetland indicator Category 
Eastern Cottonwood Poptrltis deltoides F AC 18 

Shrubs Scientific Name Wetland Indicator Category 
Tartarian Honeysuckle Lonicera tartarica NI 3 
Red-Osier Dogwood Corrzzrs stolon @era F AC Q1 2 



1 DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form 
~ p p l i c a n l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y . ~ ~ ~ ~ , . .  . Prepared by: $,{wnbr='u. . ,  Project location: iqm3 ?!~ft ( DEP File It:. 

/Ajt,i & & fy-,,p f :  / 2 , -  ' .! ? 'f. fi1f.k ..-ip, do+- - 
4 C' 

Check ail that apply: V 

Vegetation alone presumed adequate to delineate BVW boundary: fill out Section 1 only 

Vegetation and other indicators of hydrology used to delineate BVW boundary: fill out Sections I and I1 

0 Method other than dominance test used (attach additional information) 

Section I .  Vegetation Observation Plot Number: /L' Transect Number: / Date of Delinea!ion: b/%9/99 

/ 

A: Sample Layer and Plant Species 
(by common/scientific name) 

B. Percent Cover 
(or basal area) 

C. Percent 
Domlnance 

D. Dominant Plgnt 
(yes or nrJ) 

E. Wetland 
lndlcator 
category' 

' Use an aslerisk to mark welland indicator plants: plant species listed in the W~Unnds Protection Act (MGL c.131, s.40); plants In the genus Sphagnum, planls listed as 
FAC. FAC+. FACW-. FACW, FACW+, or OBL; or plants with physiological or mor~hological adaptalions. I! any plants are identified as wetland indicator plants due to 
physiological or morphological adaptations, describe the adaptation next to the asterisk 

r 
Vegetation conclusion: 
Num'ber o f  dominant wella'nd Indicator plants: 3 Number of damlnant nor~qwetlayd indicator plants: 2 

( Is  the number of dominant wetland plants equal to or greater than the number of domlnant non-wetland pleflts?@ n o  I 
N vegetstlon alone Is presumed adequafe fo  dellneale the BVW boundary, subrnlt this form with the Request for Qeterrninatlon of ~ ~ ~ l i c a b i i ~ ~  or Notice ollntent. MA DEP: 319s 
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