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Re: Conditional Approval of Supplemental Source Control 
Containment/Recovery Measures East Street Area 2, 
General Electric Company, Pittsfield, Massachusetts 
DEP Site No. 1-0146, USEPA Area 4 

Dear Messrs. Olson, Tagliaferro, and Weinberg: 

I. INTRODUCTION 

The General Electric Company (GE) has received the United States Environmental Protection Agency's 

(USEPA's) February 1 1, 1999 conditional approval letter concerning GE's Proposal for Supplemental 

Source Control Containment/Recovery Measures (Supplemental Source Control Proposal, Blasland, Bouck 

& Lee, Inc, January 1999). In that letter, the USEPA provided several comments, questions and requests for 

additional information concerning the January 1999 proposal. This letter provides GE's responses to those 

items in a format that is generally consistent with the topics identified in the USEPA's conditional approval 

letter. Where necessary, additional, more detailed information is provided as attachments to this letter. 

11. PERFORMANCE STANDARDS AND REVISED MONITORING PROCEDURES 

In its February 11, 1999 conditional approval letter, the USEPA requested that GE propose Performance 

Standards and revised monitoring procedures pertaining to the proposed containment,recovery measures. 

The USEPA stated that the Performance Standards for the proposed containment barrier should fulfill the 

objectives of achieving no discharge of LNAPL or residual LNAPL to the Housatonic River, no sheens on 

the River, no bank seeps, and no measurable LNAPL in the perimeter monitoring wells located outside the 

proposed sheetpiling. The USEPA also stated that the revised monitoring procedures to determine 

compliance with the Performance Standards should include a number of specified procedures. 

In response to the USEPA's letter, GE proposes the Performance Standards listed below for the containment 

barrier to achieve the objectives identified by the USEPA. It should be noted that, although the objectives 

specified by the USEPA were not specifically identified as Performance Standards in the Supplemental 
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Source Control Proposal, they were considered as design criteria for the proposed containment barrier. The 

Performance Standards proposed by GE for the sheetpile barrier are as follows (with the activities designed 

to achieve each standard presented in parentheses): 

1. Prevention, to the extent practical, of detectable discharges of LNAPL to the Housatonic River in the 

area ofthe proposed containment barrier (to be accomplished by the continued operation ofthe ongoing 

active LNAPL recovery systems and the installation of supplemental control measures -- i.e., a sheetpile 

containment barrier); 

2. Prevention, to the extent practical, of bank seeps, as well as sheens to the Housatonic River in this area 

resulting from either bank seeps or residual LNAPL in soils/sediments located on the riverside of the 

proposed containment barrier (to be accomplished through the removal of soils/sediments along the 

river's edge that may contain historic residual LNAPL); and 

3. Prevention of any measurable LNAPL migration around the ends of the containment barrier (to be 

accomplished by the continued operation of the ongoing active LNAPL recovery systems and the 

installation of additional perimeter monitoring wells). 

GE proposes the following measurement and monitoring activities to demonstrate that the proposed 

Performance Standards listed above have been achieved: 

1. Install two monitoring wells at the east and west ends of the proposed containment barrier, respectively, 

to detect any potential LNAPL migration around the ends of the barrier (refer to Figure 1); 

2. Conduct weekly monitoring activities at the two wells proposed above to collect water level information 

and assess whether any LNAPL is present; 

3. Conduct weekly visual inspections of the Housatonic River in the area of the sheetpile, as well as the 

bank area located between the sheetpile and Housatonic River, to assess the potential presence of bank 

seeps or sheens on the Housatonic River; and 

4. Incorporate the monitoring activities in Items 2 and 3 above, as well as monitoring of relevant source 

control investigation monitoring wells, into the comprehensive monitoring program described in Section 

3.4 of the Supplemental Source Control Proposal. This monitoring plan will begin following 

installation of the proposed monitoring wells and sheetpile barrier. However, the Performance 
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in the Removal 

Action Work Plan - Upper %-Mile Reach of the Housatonic River (%-Mile Removal Action Work Plan). 

This groundwater monitoring will be incorporated into the ongoing riverbank monitoring program, 

which includes wells 53,54,64X-N, 64X-S, 64X-W, RW-1 (X), RW-2 (X), PZ- 1 S, PZ-2S, PZ-4S, PZ- 

5S, PZ-6S, RB-1, W - 1  through W - 6 ,  and WP-13. If any of these wells are damaged/destroyed by 

the work activities in this area, they will be replaced. Additionally, GE proposes to add weekly 

monitoring for potential LNAPL at wells E2SC-13, 14, and 16, which were recently installed as part 

of the source control investigation. 

As noted above, the Performance Standards will not become effective until the proposed riverbanwsediment 

excavations outlined in the %-Mile Removal Action Work Plan have been completed. If, after that time, the 

Performance Standards are not met, GE will propose corrective measures and implement such measures upon 

USEPA approval. 

111. DESCRIPTION OF SUPPLEMENTAL LNAPL CONTROL MEASUFUS 

In its February 1 1, 1999 conditional approval letter, the USEPA approved the proposed containment barrier 

subject to several conditions, and requested clarification of several calculations used in designing the proposed 

sheetpile. Additionally, USEPA requested clarification of the maximum excavation depth of bank soils located 

between the sheetpile and river. GE's responses to these requests are presented below. 

Since the Supplemental Source Control Proposal was provided to the USEPA, GE has further evaluated the 

technical design of the proposed containment barrier and has conducted additional soil and sediment 

investigations in the vicinity of the proposed barrier. Based on these activities, the following information is 

provided: 

1) The analytical data collected during the additional bank soil and near-bank sediment sampling efforts 

recently conducted (as proposed in GE's January 29,1999 Proposal for Further Investigation Pursuant 

to Supplemental Source Control Containment/Recovery Measures) indicate that excavation of bank 

soils to a maximum depth corresponding to elevation 967.5 feet will likely achieve the Performance 

Standards presented above in Section 11. These investigations included the installation of eight 

riverbank soil borings along the area between the river and the proposed containment barrier. Samples 

were collected in I-foot intervals to depths of 7 to 8 feet below the surface. These samples were 

submitted for laboratory analysis of PCBs and Total Petroleum Hydrocarbons (TPH). Additionally, 

field screening tests were performed consisting of soil screening with a photoionization detector (PID), 
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shake testing, and visual observations. Select samples were also submitted to the laboratory for analysis 

using the Toxicity Characteristic Leaching Procedure (TCLP), to support disposal decisions for soil 

which may need to be removed along the base of the bank prior to sheetpile installation. The locations 

of these borings are illustrated on Figure 2. The results of the analyses are presented collectively in 

Tables 1 and 2 and on Figure 3. Additionally, sediment sampling was performed at locations adjacent 

to these boring locations (plus one additional location). These samples were collected from depths 

ranging up to 4 feet. However, at the majority of the locations, samples could not be collected below 

a depth of 1 foot because of sampling refusal. These samples were screened in the field and submitted 

for laboratory analysis as described above for the riverbank soil samples (except for TCLP analysis). 

The results of these analyses are also presented in Table 1, and the locations are illustrated on Figure 

2. 

The results of these supplemental investigations indicate that the concentrations of PCBs and TPH in 

riverbank soils are generally highest in the elevation range associated with the typical groundwater table 

(971 to 972 feet). PCBs and TPH concentrations below 967.5 feet are at low concentrations or non- 

detectable. Field screening evaluation by shake testing and visual observation of the soil samples from 

these borings produced inconclusive results. In many instances, the visual observations and shake tests 

do not correlate well with the TPH and PCB analytical results. Furthermore, staininglsheens were 

indicated on a number of soil cores along the eastern section of the proposed containment barrier (i.e., 

sample locations SL0028, SL0404, and SL0007) in areas where bank seeps or separate phase LNAPL 

have not been observed. Some of the sheens and staining in this area may be associated with coal gas 

manufacturing by-products, since cinders have been observed along the riverbank and in borings located 

in this area. Polycyclic aromatic hydrocarbons (PAHs) have also been detected in previously collected 

soil samples in this vicinity (e.g., boring E2SC-16 and riverbank soil sample SL0009-T05). 

Based primarily on the PCB and TPH analytical results, it appears that a maximum excavation depth 

to an elevation 967.5 feet may be warranted for the majority of the bank adjacent to the riverside of the 

proposed containment barrier. However, in the area of sediment sample SL0404, excavation to a depth 

of 2.5 feet is proposed in the % -Mile Removal Action Work Plan. The recent sediment sampling at this 

location indicates that the river bed surface topography to be at an elevation of 969.3 feet. Removal of 

2.5 feet of sediment in this area would require excavation to an elevation of approximately 966.5 feet. 

As explained below in the responses to the other USEPA technical questions, excavation to these 

elevations (966.5 feet in the area of sample location SL0404 and 967.5 for the remaining areas) can be 

completed and would be supported by the proposed sheetpile wall. If site conditions arise that cause 
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the current design of the sheetpile to be less than sufficient to allow excavation, GE will augment the 

design (through tiebacks, bracing or other controls) to ensure that excavation activities may take place 

to the necessary depths. The actual limits and depths of excavation of bank soils and sediments in this 

area will be evaluated and presented in the next phase of design-documentation related to the %-Mile 

Removal Action Work Plan. 

2) The containment barrier design calculations submitted in the Supplemental Source Control Proposal 

have been reviewed and revised considering the USEPA comments regarding the interface friction 

between the silty sand and the sheet piling. The results of this review/revision are presented below in 

summary form, and the revised calculations are included in Attachment 1. 

After reviewing the EPA's comments, our technical consultant, Blasland, Bouck & Lee, Inc. (BBL), 

believes that an average N value of 10, corresponding to an angle of internal friction (4) of 30°, is a 

conservative value for design since the results of the Standard Penetration Test (SPT) for fine sands 

below the water table may, in general, not be representative of the actual material. According to Peck, 

Hanson and Thornburn (1974)': 

"By far the most common error in connection with the standard penetration 

test in sand or silt occurs, however, when drilling is being done below the 

water table. If the water level in -the drill hole is allowed to drop below 

groundwater level, as may easily occur, for instance, when the drill rods are 

removed rapidly, an upward hydraulic gradient is created in the sand beneath 

the drill hole. Consequently, the sand may become quick and its relative 

density may be greatly reduced. The N-value will accordingly be much lower 

than that corresponding to the relative density of the undisturbed sand." 

In the opinion of our technical consultant, BBL, the lower N values for boring E2SC-031 (referenced 

by USEPA) reflect this phenomenon and are not considered to be representative of the actual in situ 

conditions. Since this effect tends to be less for medium to coarse sands, the N values for the other 

borings were not affected as much. Therefore, based on this information and the results in other 

borings, BBL considers a friction angle of 30" to be a conservative strength estimate for the material. 

' Peck, R. B., W. E. Hanson, and T. H. 'Tkornburn (1974) Foundation Engineering. John Wiley & Sons, Inc. 
New York, New York pp. 5 14. 
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The USEPA also expressed a concern about the higher N values in boring E2SC-031. The elevation 

where the higher N-values were encountered are at, or above, the elevation at which driving will 

commence. If shallow debris is encountered that could cause damage to the sheetpile, it will have to 

be removed as part of pre-driving operations. 

3) The containment barrier design calculations have been re-evaluated to consider the other USEPA 

comments, the recently collected bank soil/sediment data, removal depths proposed in the % -Mile 

Removal Action Work Plan, and changes in horizontal placement of the containment barrier to allow 

for a 1:1 slope as part of final restoration activities. The revised calculations are presented in 

Attachment 1. Figure 1 illustrates the revised layout of the proposed containment barrier, and a 

discussion of the 1 : 1 slope evaluation is presented in Section VI. 

As a result of the re-evaluation of the design calculations, it has been determined that the previous 

design depth for the bottom of the containment barrier (i.e., 20 feet) should generally be extended 5 feet 

(for an overall depth of 25) to provide a reasonable degree of safety. Additionally, in a limited area 

adjacent to the proposed 2.5 foot removal area near sediment sample location SL0404, the sheetpile 

should extend 3 feet deeper (to a depth of 28 feet). The factor of safety for the permanent condition, 

i.e., after the sheeting is installed and the % -Mile Removal Action activities are completed, is greater 

than 2.0. For the temporary condition, i.e., when sediments/banksoils are excavated to maximum depths 

corresponding to elevations of 966.5 to 967.5 feet, the factor of safety is at least 1.25. Figure 4 

illustrates a revised containment barrier profile. 

IV. EROSION CONTROL MEASURES 

As part of its February 1 1, 1999 conditional approval letter, the USEPA requested the implementation of 

various erosion control measures in the vicinity ofthe proposed sheetpile containment barrier. These measures 

will be performed during installation of the sheetpile barrier and will continue until the area is fully restored 

upon completion of the %-Mile Removal Action activities. 

Consistent with the USEPA's comments, GE proposes that erosion control matting, geotextiles, and/or straw 

mulch be used as appropriate to temporarily protect disturbed soils from erosion. GE will install erosion 

control matting and/or geotextile on exposed soils at the toe of the bank to be able to withstand river flow 

velocities of at least 10 feetlsec. The existing absorbent booms along the riverbank will also be extended and 

maintained. GE will inspect the erosion control measures and booms every working day during construction 
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and weekly during the interim period between completion of the sheetpile containment barrier and completion 

of the work outlined in the %-Mile Removal Action Work Plan. 

V. SHEETPILE TOP PROTECTION 

As part of its February 1 1, 1999 conditional approval letter, the USEPA requested protection of the sheetpile 

joints until they are grouted to prevent introduction of debris into the joints. GE concurs with this comment, 

and will implement measures to protect the joints such as installation of end caps or utilization of high strength 

tape sealants. 

VI. SITE RESTORATION 

As part of its February 1 1, 1999 conditional approval letter, the USEPA had several comments concerning site 

restoration activities. Specifically, these comments can be summarized as follows: 

1) USEPA requested consideration by GE of the installation of a "heavy-duty woven geotextile or geogrid" 

beneath the proposed riprap. 

2) USEPA requested the addition of two notes on Sheet 4 in Appendix D (summarized as): 

"The top of the sheetpile wall will be covered with riprap at the completion 

of the work." 

"The riprap toe protection will be well graded, composed of angular stones 

and will be smooth and uniform in appearance. Oversize stones will be 

rejected, as well as riprap which contains an objectionable amount of fines." 

3) USEPA requested the inclusion into the ?4 -Mile Removal Action Work Plan of mitigation measures 

for the permanent loss of bank habitat and stream cover resulting from the proposed bank soil removal. 

GE responds to these three items as follows: 

1) During the site restoration, GE will implement the USEPA suggestion concerning the installation of 

either a heavy-duty woven geotextile or geogrid beneath the riprap. 
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2) GE will incorporate notes to Sheet 4 similar to those suggested by USEPA. A revised Sheet 4 is 

presented in Attachment 2. 

3) Section 9.2 of the %-Mile Removal Action Work Plan includes mitigation measures pertaining to 

restoration of areas where bank excavations will occur. The riprap backfill planned as part of the 

proposed sheetpile containment barrier will not result in significant loss of bank or river bed habitats. 

Riprap will be utilized in an approximate 5- to 6-foot wide strip along the toe of the bank. It will be 

placed on a slope extending fi-om approximately the top of the sheeting to the edge of the river. The 

work planned in this area will result only in a temporary absence of bank habitat. GE will evaluate the 

need for additional restoration activities along this narrow rip-rap strip in the final %-Mile Removal 

Action Work Plan. 

In addition to responding to the USEPA's above-listed comments relating to site restoration, and as mentioned 

in Section I11 above, GE's technical consultant, BBL, has evaluated restoration conditions associated with a 

1 : 1 slope along the riverside of the proposed sheetpile wall. Specifically, the evaluation was conducted to 

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

of the wall (i.e., elevation of 977 feet) and the edge of the Housatonic River (i.e., assumed at an average 

elevation of 972 feet); and 2) the potential change in flood storage volume resulting from the proposed 

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

Figure 1 depicts the proposed re-alignment of the sheetpile wall necessary to fulfill the criteria in Item 1 in the 

preceding paragraph. This re-alignment was generated by assuming that bank soil removal could extend 

horizontally to the edge of the river. Placement of a 1: 1 slope will require a width of 5.0 feet between the 

sheetpiling and the river edge to avoid encroachment on the river channel. This guideline results in the 

sheetpiling re-alignment shown on Figure 1. Note that, in certain areas, the sheetpile top elevation 977 feet 

is now below existing grade (generally near upstream wing wall). Hence, the height of the sheetpile top in 

these areas will be adjusted to allow for the re-alignment on Figure 1. 

Figures 5 and 6 present two illustrative cross sections of the proposed sheetpile and bank restoration. Figure 

1 also depicts these cross section locations along the sheetpile. The cross sections represent approximate 

typical sections for calculating changes of flood storage capacity (discussed below) due to the removal of bank 

soil associated with sheetpile installation and restoration of the lower portion of the bank with rip-rap at a 1 : 1 

slope. 
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Several assumptions have been made in assessing the changes in flood storage capacity due to this project: 1)  

both existing soil and riprap backfill were assumed to have similar porosities; 2) permeability differences 

between soil and riprap were ignored; 3) riprap will constitute the entire fil l  volume (i.e., a triangular solid with 

a length of 388 feet, height of 5.0 feet, and base of 5.0 feet); and 4) the assessment of the change in flood 

storage capacity ignores changes that may result from work in the first !4 -mile of the Housatonic River stream 

bed. 

If it is assumed that the porosities and permeabilities of the existing soil and riprap 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 volume of the existing soil located between the sheetpile wall and the river is estimated at 1 16 cy. The 

volume of the riprap backfill is 205 cy. The resultant change in flood storage capacity is a loss of 

approximately 89 cy. 

Figures 5 and 6 depict two cross sections typical of the changes in grade at locations along the proposed 

sheetpile wall. Changes in flood storage per total volume, per foot of elevation, are also presented in tabulated 

format for each cross section. 

Preliminary flood storage capacity calculations related to site restoration at the Building 68 Area located just 

downstream, indicates a reserve volume of flood storage capacity from that project which is generally of the 

same order of magnitude needed for the 1: 1 slope re-alignment for the proposed sheetpile wall. The results 

of the preliminary Building 68 Area flood storage capacity calculations were presented in the Notice of Intent 

for General Electric Company, Newel1 Street Parking Lot Pump Station, dated December 17, 1998 (Newell 

Street NOI). In that document, it was indicated that a reserve flood capacity of 74 cy existed as a result of the 

Building 68 Area activities. It was further explained that approximately 19 cy of the 74 cy were needed to 

compensate for the Newel1 Street Parking Lot Pump Station. This would result in a net reserve capacity of 

approximately 55 cy. However, the preliminary calculations performed for the Building 68 Area were based 

on estimates made utilizing riverbank topography which was only partially surveyed. Final survey data has 

been recently obtained which indicates that the actual reserve flood storage capacity will be greater than the 

preliminary calculation of 74 cy. BBL is currently in the process of incorporating this new data and revising 

the calculations. When the sheetpile wall is installed, GE will provide a final evaluation of the resulting 

change in flood storage capacity. If the increase of material along the sheetpile barrier cannot be offset by the 

reserve capacity from the Building 68 Area, GE will propose a means to offset this increase. 
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In addition to these analyses, we are including as Attachment 3 an evaluation of the potential impacts of the 

proposed project on areas subject to the Massachusetts Wetlands Protection Act (3 10 CMR 10.00), together 

with a description of the proposed temporary mitigation (e.g., erosion control) measures and permanent site 

restoration measures designed to mitigate or minimize such impacts. Although approval from the Pittsfield 

Conservation Commission is not necessary to implement this project (since the project is an onsite removal 

action under the Comprehensive Environmental Response, Compensation, and Liability Act), this Attachment 

is provided to address the substantive requirements of the Massachusetts Wetlands Protection Act. 

VII. F'URTHER EVALUATION OF DNAPL 

As part of its February 1 1, 1999 conditional approval letter, the USEPA requested that GE conduct additional 

DNAPL characterization activities south of the Housatonic River in the vicinity of the proposed containment 

barrier. Specifically, the USEPA suggested the drilling of three soil borings (rather than the proposed single 

boring) along the southern bank to evaluate the potential presence of DNAPL and determine the top of till 

elevation. 

In response, GE proposes to install three soil borings along the south bank of the Housatonic River at the 

locations shown on Figure 1. These borings will be installed and sampled in a manner consistent with the 

previous source control investigation borings installed at the East Street Area 2 site. These borings have been 

located in a potential "trough" area in the till surface as indicated by the geophysical data presented in the 

Source Control Report. 

The USEPA also requested in the conditional approval letter that GE include in the forthcoming DNAPL 

Recovery Evaluation and Report performance standards and measurement methods concerning DNAPL in 

the East Street Area 2 site. GE will do so, and anticipates submission of that report within approximately six 

weeks of completing the three new borings at the Hibbard Playground. (It should be noted that GE has not 

yet received access from the City of Pittsfield to install these borings.) 

VIII. WEST HEADWALL 

As part of its February 11, 1999 conditional approval letter, the USEPA presented several comments 

concerning the proposed configuration of the sheetpile wall in the vicinity of the west headwall as presented 

on Sheet 5 of Appendix D of the Supplemental Source Control Proposal. In general, these comments relate 

to the integration of the sheetpile wall with the headwall without resulting in permanently exposed sheetpiles 

along this portion of the river. 
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In response to these comments, the alignment of the sheetpile wall in the vicinity of the west headwall has been 

modified to address the USEPA's comments. The modified connection details are shown on Figure 1 and in 

Attachment 4. Specifically, the sheetpile wall alignment has been changed such that it will extend out flush 

with the front face of the west headwall, with the use of "L" sections on either side of the headwall. To 

accomplish this, longer sheets will be used in this area so that the driving hammer will not be obstructed by 

the existing headwall. The sheets will then be cut flush with the top of the headwall once they have been 

driven to the desired depth. A new concrete headwall will be constructed on the face of the sheetpile such that 

the sheetpile will not be exposed. Geotextile and riprap will be placed at the excavated toe of the bank slope 

as a measure of erosion protection until such time that final excavation and restoration activities are conducted 

as part of the %-Mile Removal Action Work Plan activities. 

. FURTHER INVESTIGATIONS PURSUANT TO SUPPLEMENTAL SOURCE CONTROL 

CONTAINMENTAUZCOVERY MEASURES 

The USEPA's February 1 1, 1999 conditional approval letter presented several conditions to be applied to the 

work proposed by GE in a letter dated January 29, 1999. GE's January 29, 1999 letter proposed additional 

bank soil and sediment sampling activities in the area of the sheetpile wall at East Street Area 2 in order to 

obtain additional descriptive and analytical data of the riverbank and near-bank soils and sediments. 

The USEPA's conditions are summarized as follows: 

1) GE will survey each sampling location in the horizontal and vertical planes; 

2) GE will collect samples from each location to the limits of the approved sampling equipment (i.e. 

refusal); 

3) All samples collected will be analyzed for PCBs and TPH; 

4) Shake tests will be performed on all samples; 

5 )  Efforts will be made to collect bank samples to elevation 967; 

6) Sampling intervals for bank locations will begin at the water table or at two feet below grade, whichever 

horizon is encountered first; and 
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7) Samples will be analyzed within 5 days of receipt by the laboratory. 

GE conducted these sampling efforts on February 8 , 9  and 10, 1999 (with USEPA Contractor oversight) in 

accordance with the conditions listed above. The data obtained during this sampling effort have been used to 

support discussions presented in Section I11 above, as further summarized in Tables 1 and 2 and on Figure 3. 

It should be noted (as indicated above in Section 111) that sediment sampling refusal occurred at a depth of 1 

foot at the majority of the sampling locations. 

X. REVISED SCHEDULE 

In their conditional approval letter, the USEPA requested a revised construction schedule. This schedule is 

presented in Figure 7, GE will contact USEPA shortly to discuss the timing of the proposed sheetpile 

installation relative to implementation of the work activities proposed in the %-Mile Removal Action Work 

Plan. 

If you have any questions on this information, feel free to contact me at (413) 494-3952. 

Yours truly, 

pfl&&~ John D. Ciampa 

Remediation Project Manager 
U WLH99VOS91543 WPD 

cc: S. Acree, EPA* 
J. Kilborn, EPA 
M. Nalipinski, EPA* 
R. Bell, DEP* 
R. Child, DEP* 
J. Cutler, DEP* 
M. Holland, DEP 
J. Ziegler, DEP* 
G. Bibler, Goodwin, Procter & Hoar* 
J. Bieke, Shea & Gardner* 
J. Bridge, HSI GeoTrans* 
S. Cooke, McDermott, Will & Emery* 
D. Veilleax, Roy F. Weston* 
State Representative D. Bosley 
Mayor G.S. Doyle 
State Representative C.J. Hodgkins 
State Representative S.P. Kelly 
State Representative P.J. Larkin 
State Senator A.F. Nuciforo 
A. Thomas, GE* 

J. Gardner, GE 
J. Magee, GE 
A. Silfer, GE* 
J. Nuss, P.E., LSP, BBL* 
Pittsfield Health Department* 
Pittsfield Conservation Commission* 
Housatonic River Initiative 
Public Information Repositories ECL I-P-IV(A)(l)* & (2) 

(* with tables, figures, and attachments) 
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TABLE 1 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 
SOURCE CONTROL MEASURES FOR EAST STREET AREA 2 1 USEPA AREA 4 

SUMMARY OF SEDIMENT AND RIVERBANK SOIL DATA - FEBRUARY 1999 

See notes on page 3. 

U:\PLH99\23591543,WB2 

Sample 
Identification 

Page 1 of 3 

Depth 
Riverbank Soil 

Elevation 
Interval 

(Feet AMSL) 
Date 

Collected 

SL0007-BNK(0-1') 
SL0007-BNK(1-2') 
SL0007-BNK(2-3') 
SL0007-BNK(3-4') 
SL0007-BNK(4-5') 
SL0007-BNK(5-6') 
SL0007-BNK(6-7') 
SL0007-BNK(7-8') 

0-1' 
1-2' 
2-3' 
3-4' 
4-5' 
5-6' 
6-7' 
7-8' 

Analytical Results (ppm) 

Total PCBs 

Field Observations~esting 

974 7 - 973 7 
973 7 - 972 7 
972 7 - 971 7 
971 7 - 970 7 
970 7 - 969 7 
969 7 - 968 7 
968 7 - 967 7 
967 7 - 966 7 

SL0404-BNK(0-1') 
SL0404-BNK(1-2') 
SL0404-BNK(2-3') 
SL0404-BNK(3-4') 
SL0404-BNK(4-5') 
SL0404-BNK(5-6') 
SL0404-BNK(6-7') 

TPH 
PID Reading 

(Instrument Units) 

NIA 
NIA 
3 51 
20 
187 
725 
84 6 
57 7 
NIA 

1 59 [4 911 
5 61 
23 5 
7 82 
59 2 
4 26 
0 401 
191  
37 4 -- 
94 6 
21 8 

399113 11 
20 

1 19 
0 392 

0211 0199 
0211 0199 
02110199 
02110199 
02110199 
02110199 
02110199 
0211 0199 - 

0-1' 
1-2' 
2-3' 
3-4' 
4-5' 
5-6' 
6-7' 

Stain I Sheen Observed 
on Soil Core 

NIA 
NIA 

ND (1 00) 
140 
730 

2,900 
4,100 -- 
61 0 
NIA 

ND(l20) [ND(lOO)] 
180 

2,000 
1,600 
1,800 
100 

ND (1 00) 
ND (1 10) 

2,700 

Shake Test 
Results 

NIA 
NIA 
26 6 

I 0301 
ND (0 057) 
ND (0 064) 
ND (0 062) 

0118 1 
976 6 - 975 6 
975 6 - 974 6 
974 6 - 973 6 
973 6 - 972 6 
972 6 - 971 6 
971 6 - 970 6 
970 6 - 969 6 

SL0404-BNK(7-8') 7-8' 
SL0028-BNK(0-1') 0-1' 

1-2' 

02110199 
0211 0199 
02110199 
02110199 
0211 0199 
02110199 
02110199 

969 6 - 968 6 
973 5 - 972 5 
972 5 - 971 5 
971 5 - 970 5 
970 5 - 969 5 
969 5 - 968 5 
968 5 - 967 5 
967 5 - 966 5 
966 5 - 965 5 
974 9 - 973 9 
973 9 - 972 9 
972 9 - 971 9 
971 9 - 970 9 
970 9 - 969 9 
969 9 - 968 9 
968 9 - 967 9 
967 9 - 966 9 

4 3 
7 6 
4 6 
5 6 
12 5 
18 3 
27 3 
29 8 
9 7 
8 1 
7 3 

28 6 
41 2 
81 7 
25 
17 
3 7 
9 2 
p- 

, 

NIA 
NIA 
450 
240 
pp 

600 
560 
700 
260 

02110199 
02110199 
0211 0199 
02110199 
02110199 
02110199 
0211 0199 
02110199 
0211 0199 
02108199 
02109199 
02109199 
02/09/99 
02/09/99 
02/09/99 
02/09/99 
02/09/99 

no 
no 
no 
no 

yes (4 8-5 0' only) 

yes 
yes 

yes (7-7 8' only) 
no 
no 

pp 

no 
no 

yes 
Yes 

yes (6-6 5' only) 
no 
no 
no 

SL0028-BNK(2-3') 
SL0028-BNK(3-4') 
SL0028-BNK(4-5') 
SL0028-BNK(5-6') 
SL0028-BNK(6-7') 
SL0028-BNK(7-8') 
SL040 1 -BNK(O-1') 
SL0401-BNK(1-2') 
SL0401-BNK(2-3') 
SL0401 -BNK(3-4') 
SL0401-BNK(4-5'L 
SL0401-BNK(5-6') 
SL0401-BNK(6-7') 
SL0401-BNK(7-8') 

4,200 
1,600 

3,100 19701 
910 

ND (100) 
ND (100) 

8 3 
10 2 
40 2 
23 7 I 
35 5 
41 5 
35 7 
21 3 

negative 
negative 
negat~ve 
negative 

trace oily residue 
sheen 
sheen -- 

oily residue 
negative 
negative 
trace oil 

oily residue 
oily residue 
oily residue 

trace oil 
negative 
negative 
negative 

no 
no 

yes 
yes 
Yes 
no 

2-3' 
3-4' 
4-5' 
5-6' 
6-7' 
7-8' 
0- 1 ' 
1-2' 
2-3' 
3-4' 

-- 4-5' 
5-6' 
6-7' 

, 7-8' 

17 6 
24 

34 7 
27 

19 7 
11 2 

negative 
oily residue 
oily residue 

sheen 
oily residue 

negative 

no 
no 

yes 
yes -- 
yes 
yes 
yes 

negative 
negative 

trace oily residue 
trace oily residue 

oily residue 
oily residue 

oily residue, trace sheen 

yes 



TABLE I 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 
SOURCE CONTROL MEASURES FOR EAST STREET AREA 2 1 USEPA AREA 4 

SUMMARY OF SEDIMENT AND RIVERBANK SOIL DATA - FEBRUARY 1999 

See notes on page 3. 
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TABLE I 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 
SOURCE CONTROL MEASURES FOR EAST STREET AREA 2 1 USEPA AREA 4 

SUMMARY OF SEDIMENT AND RIVERBANK SOIL DATA - FEBRUARY 1999 

Field Observations/Testing 

Notes: 

1. Samples were collected and field tested by Blasland, Bouck & Lee, Inc. 
Field analyses consisted of photoionization detector (PID) screening, shake testing, and sample description. 

2. Water shake tests were performed on all samples. 
3. Samples submitted to Northeast Analytical, 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 shown in brackets [ 1. 
6. ND: not detected (Practical Quantitation Limit shown in parantheses). 
7. NIA: not analyzed. 
8. Feet AMSL: Feet above mean sea level. 

Page 3 of 3 



TABLE 2 

GENERAL ELECTRIC COMPANY - PITTSFIELD, MASSACHUSETTS 
SOURCE CONTROL MEASURES FOR EAST STREET AREA 2 1 USEPA AREA 4 

SUMMARY OF RIVERBANK SOIL TCLP DATA - FEBRUARY 1999 

Notes: 

1. Samples were collected by Blasland, Bouck & Lee, Inc. 
2. Samples were submitted to Northeast Analytical, Inc., for analyses by the following EPA Methods: 

VOLATILES: EPA Method 8260B-TCLP 
SEMI-VOLATILES: EPA Method 82706 - TCLP 

PESTICIDES: EPA Method 8081 
HERBICIDES: EPA Method 8151A 

METALS: EPA Method 6010B (7471A for mercury) 
3. Results are presented in parts per million (ppm). Only constituents detected in at least one sample are presented. 
4. ND: not detected (Practical Quantitation Limit shown in parantheses, when applicable). 
5. Elevations presented in feet above mean sea level. 

Sample I.D.: 
Date: 

Depth: 
Elevation: 

VOLATILES 

Chlorobenzene 

Page 1 of 1 

SL0028-BNK(0-1') 
0211 0199 

0-1' 
973.5 - 972.5 

ND (0.005) 

SL0007-BNK(1-2') 
0211 0199 

1-2' 
973.7 - 972.7 

ND (0.005) 

SEMI-VOLATILES 

PESTICIDES 

HERBICIDES 

METALS 

Barium 

Lead 

SL0041 -BNK(O-1') 
02109199 

0-1' 
973.2 - 972.2 

0.0133 

SL0395-BNK(1-2') 
02109199 

1-2' 
974.8 - 973.8 

ND (0.005) 

None Detected 

None Detected 

None Detected 

0.78 

0.18 

0.64 

ND (0.18) 

0.69 0.34 

ND (0.18) I ND (0.18) 



Figures 
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DISTANCE ALONG WALL (FEET) I 
20' VERTICAL SHEETS fw.) I 

IECEND; 

c p l ~  CONTRM SHEET PILE POINT ALIGNMENT 

, , L TYPICAL RIVER SURFACE 
WATER ELEVATION 

VERTICAL CONTAINMENT EXTENT BARRIER OF PROPOSED 

m.IL 
1. TOP OF TILL TAKEN FROM SECTION 

A-A' OF FIGURE 3 IN SOURCE 
CONTROL PROPOSAL. 

2. ALL THE DIMENSIONS AND ELEVATIONS 
ARE APPROXIMATE. FIELD CONDITIONS 
MAY VARY 

3. CUTOFF SHEETING AT APPROXIMATELY 
GROUND SURFACE AT STATIONS 0 + 0 0  
TO 0+50 AND STATIONS 4+30 TO 
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GENERAL ELECTRIC COMPANY 
PiTTSFiELD MASSACHUSETTS 

EAST STREET AREA 2 
SUPPLEMENTAL PARKING LOT SOURCE CONTROL MEASURES 

REVISED IMPLEMENTATION SCHEDULE - 
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LNAPL CONTAINMENT BARRIER 
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Work Activities 
WK12 

1. Authorization to Proceed --------- 

2. Contractor Mobilization - -- - - - - - - - - 

3. Site Preparation --------------- 

4. Excavate Lower Bank Soils ----- 

5. Install Sheetpile ---------------- 

WK1 

6. Site Restoration/Demobilization - ---  

WK10 WK11 WK2 

- - - -  ---  

WK3 

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

WK4 WK5 WK6 WK7 WK8 WK9 



Attachment I 

Re vised Design Calculations 
for Proposed Containment Barrier 



CALCULATION SHEET PAGE 1 OF* 

PROJECT NO. 20140 

GE SUBJECT Sheetuile Design Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temporarv Case 

TASK: 

To calculate the required embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a slope of 
2H: 1V with soil excavated temporarily to 967.5 feet in front of the wall. The elevation of the top of the wall is 977 feet. 

w REFERENCES: 
1 /4 46 

1. NAVFAC DM-7, March 197 1. 

2. Das, B. M. (1990) Princi~les of Foundation Enpineering, 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 

3 
CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 13 through 20). 
I 

/I) Determine net Dressure diapram: 

(a) Calculate K, and K, 
Using Table 1 from Ref. 1 (Sheet 21), wall friction angle 6 = 14", 

For K,, 4 = 30°, P = 0°, 6= -14" 

Using Figure 6 on Sheet 22, for PI@ = 0°1300 = 0, and 6/@ = -14°1300 = -0.47, a 
K, = R(K, for 614 = -1) = [(7/10)(0.746 - 0.686) + 0.686]x(6.5) = 0.728 x 6.5 = 4.73 

@ 2-w & = 4.73 

For K, , 4 = 30°, P = tan-'(112) = 26.6", 6= 14", 

Since Figure 6 does not provide values for 6+@, use general equation on Sheet 23 instead (with 0= 0). 

9 & K, = cos24 1 { cos 6[ 1 + (( sin ( 4  + 6) sin ( 4  -P)/ (cos 6 cos (-P)))O5I2> 9 - 
= cos2(30)/ { cos (14)[ 1 + (( sin (30 + 14) sin (30-26.6)l (cos (14) cos (-26.6)))O5I2) 

e = 0.75/ { 0.9703[ 1 + (0.6947 x 0.05911 (0.9703 x O.8942))O5l2) 
&$ 
w 
S K = 0.52 

8 
3/1/99 
SHTPILEI WPD 



CALCULATION SHEET PAGE 1 OF* 

PROJECT NO. 20140 

CLIENT GE SUBJECT Sheet~ile Design Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temporary Case 

(b) Calculate pressures and forces acting on wall. 

All of the following calculations are based on the information provided on Sheets 6 and 13 through 20. 

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

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

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

P = 0.5p,L,+O.5p,L3 

EME to determine location: 

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

(e) Satisfy principles of statics. 



CALCULATIOlV SHEET PAGE S O F A  

PROJECT NO. 20140 

GE SUBJECT Sheetvile Desien Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temoorarv Case 

Solving Eq. 3 for L,: 

P(L,+z,)-( 1 /2)L,p,(L,f3)+( 1 /~)L,(P,+P,)(L,/~ = 0 

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

where 

A, = 23.65; A, = 110.98; A, = 2756; A, = 10082 

By trial and error: 

I L4 Equation 

S' 
3/1/99 
SHTPtLEl WPD 

2- 



CALCULATION SHEET PAGE 4 OF* 

PROJECT NO. 20140 

CLIENT GE SUBJECT Sheet~ile D e s i ~ n  Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temnorarv Case 

Using Eqs. I, 2, and 4 : 

(d) Determine required embedment depth. 

Increase D by 10 percent (F.S.=1.25 for temporary construction condition) - D = 15.6 ft 

12) Calculate the maximum bending moment. 
(a) Determine location of maximum moment as distance from Point E (see Sheets 6 and 13 through 20 for 
clarification): 

z' = 5.27 ft 

(b) Calculate maximum bending moment: 

M,, = P(~,+z')-[O.~~'(Z')~(&-K~)](~/~)Z' 

M,,, = 30127 1b-Wft 

&,, = 361.525 lb-in/ft 

(3) Calculate reauired section modulus: 

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

3/1/99 
SHTPILEI WPD 



CALCULATION SHEET PAGE 2 OF* 

PROJECT NO. 201 40 

CLIENT GE SUBJECT Sheetoile Desipn Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temoorarv Case 

The section modulus, S, is less than 15.9 in3 for WZ-75, therefore OK. 

CONCLUSIONS 

9 For an exposed wall height of 9.5 feet with a 2H: 1V slope of soil above sheetpile, the required embedment depth is 15.6 feet 
@ for a factor of safety of 1.25 under temporary construction conditions. Rounded to the nearest foot, a 25-foot long sheetpile titi# 

is required. The section modulus of a WZ-75 sheetpile is acceptable. 

a p  
f# 3/1/99 

SHTPILEI WPD 





CALCULATIOK SHEET PAGE -7- O F 4 6  

PROJECT NO. 20140 

CLIENT GE SUBJECT Sheetoile Design Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Lone Term Case 

TASK: 

To calculate the required embedment depth, maximum moment, and required section modulus for a sheetpile wall supporting 
a slope of 2H: 1V. The elevation of the top of the wall is 977 feet and the river bottom elevation adjacent to the wall is about 
970 feet. The presence of rip-rap or other materials against the wall above the river bottom is ignored to be conservative. 

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 = 7.0 feet 

CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 13 through 20). 

/11 Determine net Dressure d i a ~ r a m :  

(a) Calculate K, and K, 
Using Table I from Ref. 1 (Sheet 21)' wall friction angle 6= 14", 

For K,, , 4 = 30°, P = 0°, 6=-14" 

Using Figure 6 on Sheet 22, for PI'@ = 0°/300 = 0, and 6/4  = -14°1300 = -0.47, 

B K,, = R(& for 614 = -1) = [(7/10)(0.746 - 0.686) + 0.686]x(6.5) = 0.728 x 6.5 = 4.73 
&j 
l&j 

Since Figure 6 does not provide values for 6z4 ,  use general equation on Sheet 23 instead (with fj= 0). gj gj 
K, = cos2@ I ( cos 6[ 1 + (( sin (4 + 6) sin ( 4  -P)l (COS 6 cos (-p)))0.5]2) 

= cos2(30)/ ( cos (14)[ 1 + (( sin (30 + 14) sin (30-26.6)l (cos (14) cos (-26.6)))0.5]2) 
gg 
& 
@j 

= 0.751 ( 0.9703[ 1 + (0.6947 x 0.05911 (0.9703 x 0.8942))0.5]2) 
K* =: 0.52 

?yel 
@ 311199 

& SHTPILE3 WPD 



CALCULATION SHEET P.AGE _8 OF* 

PROJECT NO. 20140 

CLIENT GE SUBJECT Sheetaile Desipn Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Long Term Case 

(b) Calculate pressures and forces acting on wall. 

All of the following calculations are based on the information provided on Sheets 12 and 13 through 20. 

(i) Calculate active pressure on wall at EL 9708: 

PI = YLlKa = P 2  

p1 = 455 psf 

(ii) Determine location of zero net pressure as distance below river bottom elevation (9703): 

(iig CaIculate magnitude and location of active force acting on wall, P. 

EME to determine location: 

Pz, = 1/2p1L,(L3+L,/3)+1/2p1L3(2/3L3) 

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

P3 = L.?(Kp-Ka)Y (1 
~4 = YLIK~+Y 'Lj(Kp-Ks)+Y 'L4(Kp-Ka) = PS+Y 'L4(Kp-K) (2) 
where p, = yL1Kp+y'L3(Kp-K,) 

ej = 4595 psf 

(c) Satisfy principles of statics. 

Solving Eq. 3 for L,: 

311IW 
SHTPILE3 WPD 



CALCULATIOI% SHEET PAGE 3 OF& 

PROJECT NO. 20140 

CLIENT GE SUBJECT Sheetvile Desien Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Long Term Case 

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

L44+AlL,3-A2L42-A,L4-A4 = 0 

where 

By trial and error: 

g 
31 1199 
SHTPILE3 WPD a 

L.3 Equation 



CALCULATION SHEET PAGE 2 OF& 

PH0,JECT NO. 201 40 

CLIENT GE SUBJECT Sheetoile Design Calculations Prepared By LHK Date: 2124199 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Long Term Case 

P 4 Using Eqs. 1,2, and 4 : 

L, = 1.74 ft 

(d) Determine required embedment depth. 

Increase D by 20 percent (F.S. = 1.50 for long term case) - D = 12.5 ft 

(2) Calculate the maximum bend in^ moment. 
(a) Determine location of maximum moment as distance from Point E (see Sheets 12 and 13 through 20 for 
clarification): 

z' = 3.88 ft 

(b) Calculate maximum bending moment: 

M,, = P(z,+z')-[O.~~'(Z')~(K,,-K,)~(~/~)Z' 

M,, = 1207 1 Ib-Wft 

&,, = 144.854 Ib-in/ft 

(3) Calculate reauired section modulus: 

$a 
@$ 

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

g 31,IW 
StiTF'ILE3 WPD 



CALCULATION SHEET PAGE A OF* 

PROJECT NO. 20140 

GE SUBJECT Sheet~iie Design Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Lone Term Case 

The section modulus, S, is less than 15.9 in3 for WZ-75, therefore OK. 

CONCLUSIONS 

For exposed wall height of 7 feet with a 2H: 1V slope of soil above sheetpile, the required embedment depth is 12.5 feet for a 
factor of safety of 1.50 under long term conditions. Therefore, the embedment depth of 18 feet from the 25-foot long 
sheetpile calculated for the temporary case provides a factor of safety above 2.0. The section modulus of a WZ-75 sheetpile 
is acceptable. 





n 6 3 Cantilever Sheer P~ling Penevsling Sandy Soils 333 

----Z---i-----L----i 

- I 

pr taurc  

la)  (bl (c' 

Ftgu:e 6 6 Gnrrlevef shw! ptie penetrating sand 

T h e  follou-hg sections :Sccdons 6.3 rhrough 6.6) present &c m a 5 e -  
marical fomukrion of rhe analysis of cantilever sheer pile walls. Nore rhat, 
in some wacerfronr structures, the water level may fluceua:c as the r ~ u i :  of 
tidal effccn. Care should be taken in dttermining thc water level that will 
affmr the net prcssurc diagram. 

6.3 Cantilever Sheet Piling Penetrating 
Sandy Soils 

T o  develop the relarionships for che proper depth of embedment of shcr. 
piles drivcn into a granular soil, we refer to Figurc 6.7a. The soil r t ta ined by 
rhc sheet piling abovc the dredge Iinc is also sand. The wawr table is locared 
ar a depth of L, below the top of thc wall. Let che anglc of fricrion of rhe 
sand be 9. The intensity of thc active pressure ac a deprh r = L, can bc 
given as 

PI = Y L I K ,  (6.1) 

where K. = Rankinc aaive pressure c ~ f f i d m t  = m n 2  (45 - 412) 
y = unit wcighr of soil above the water table 

Simihrly, the active prcssure a t  a dcpch of s = L, + L, (chat is, at the 
level of dw dredge line) is equal ro 

P2 = (YL I + y'L2)K, 
IC! where y' = e f fea ivc  unjr weight of soil = y,,, - 7, 

Nofc &at, at rhc lwei of the dredge linc, the hhydmstadc pressures from 
both sides of chc wall arc of the same magnitude and canccl each other. 

? 



.-A - ~ i 3 i . t ~ -  IGbn 008  
BtaSiWD, BOUCK & LEE .&, 315 449 4:1? P.E?B/OE 

(a) (bl 
Flaufe 6.7 Canril*ar sham pila pomfraring sand: (a) vsris~on of n a  orusUte diagram. 
(b) wrucien ot qomsnt 

In ordm to dmomhc the rzrt h t d  prwsurc below che drcdgc up 
ta Ehc pint of mution 0, as shown in Figure 6.61, one has IP consider tht 
&we pressure acting fmm thc icfr side (rater side) roward Ihe righe sidc 
(land side) snd also the s d v e  pressure acting from rhr righe ridc r o d  rbe 
left side of rbc wall, For such car=, iga~dag thc h y d z ~ ~ ~ t i c  prrssw Fmm 
both sides of rhe wall, chc loiw p r a ~ u r c  t r  a depth x ean be given as 

Also, rhr: p d v c  press- at h a t  depth t is equal KO f 
where K, = RMtine passive pressuse eoclfiacnr = ran2 (45 + 6/2) I 

Hence, combining Eqs. (6.31 &d g.41, rhe ncr b t c d  pressure an be 
obraintd as 



I 
I 

6.3 Csnriiever Sheet Pibng Penetrating Sandy Solis -. . . 

s" 1 Thc m pressure, p, bccorner equal ro 2em at a depch L, below thc dredge IS,/% 
I 

line; or 

pz - ~ ' ( z  - I.XK, - li=,) = 0 

or 

r ;z - L) = L, = P2 

r'!K, - K 3  
(6 6:  

From rhe preceding equation, 11 IS apparent that the slopc of the net pres- 

P sure disrribution line DEF is 1 vcmcal ta (K, - K.)7' horizontal. So, in the 

I pressure diagram 

I,, - a -  * \&/J 'v ( 0 . 1  j 

At the b o r n  of the sheet pile, passive pressure(pJ acts from rh* &*hr 

roward rhc lcfr side, and active pressure acu from the left toward L.,, , .-. 
'de of the sheet pilc. So, ar z = L - D r' 

p ,  = t y'L, + ylD)Kt (6.8: 

A: rhe samc depth 

I 
Hence, the net l a r d  pressure at the  booom of the sheet pilc is equal to 

P, - pa = P a  = (YL,  +- y't,)K,, + ;/D(K, - K,) 
= (yL, + 7'L2>K, 4 y'L,(K P - K.) + Y'L&(K, - Kaj i 

For the sclbiliry of the wall, the principles of sntics can now be 
applied; or 

m 1 horizontal forccs per unit lcnnth of wall = 0 -L--T. - - - 'r 

@ and 

1 moment of rhe forces per unit lmgch oT wall a b u t  point B c 0 6 

? For summation of the horizontal forces, 

zvea of the pressure Qagnm ACDE - aria of E F m  
v + u m o f F H B G = 0  

or 

? 
! p- %A L d  + % L 5 ( ~ 3  + pa)  = 0 (6.13) i 
I 

where P = area of the nrrccrtrr Aim--- Irrnc 



S ~ n m i n g  ?hc nomcnc of dl ihe forces about point B 

From Eq. (6. ! 3; 

Combining Eqs. (6.7), (6.10), (6.11), and (6.15) and simptrfykg cbern 
Furrher, one obtains the following fourth-degree equadon in tcrms of L,  . 

(6.16) 

Step-by -S tep  Procedure for Obtaining 
the Pressure Diagram 

Based on rhr preceding theory, che step-by-step procedure for obtaining the 
pressure diagram for a cantilever sheet pile wall pcnem:ing a granular soil is 
as follows: 

1 .  C3lculace K, and K, . 
2. Calculate p, [Eq. (6.111 and p: C]Eq. (6.2)]. Note: L ,  and L2 will be 

given. 
3. Calculare t, [Eq. (6,6)]. .' 

4. Calculate P. 
5. Calculate 5 (that is, the centcr of prcssurc for chc area ACDE) by 

taking rhc momcnt about E. 
6 .  Calcularc pl [Eq. (6.1 I)]. 
7. C a l ~ ~ h t c  A,,  A2 , A3 , a d  A. P ~ S .  (6.17) to (6.2011. 
8. Solve Eq. (6.16) by trial and error to determine L4 . 
9. Calculate p, m. (6.10)]. - *. - . - . . - - . - . -- - . . . 



6.3 Cantilever Shear Pifrng Peneuating Sand, Soils 337 

. -. . . - - 
- 7 0 :  GalcuIxe-pj-Pq. (6.7)l:- . - - -  -- - . . - --. ._ . . 

11. 0- L, from Eq. (6.15:. 1.. . .- -. 12. NOW the pressure disuibution diagram as shown in Figure 6.7a can casiii be h-*ilm,--- - .--. ..-- . .-- ---. --- _ _  - --.-. ...-- ._- .- , . - - 

I-' 13. Obtain the thcoreticai depth mq. (6.12)] of pcnctration as L, + L, . 
The aaual dcpth of penetration is incrcascd by about 20-30%. 

Nocc: Some designus prcfcr to use a facror of safety on thc passive 

P car& prcssurr codficicnr at &c beginning. In Lhac a s c ,  in Step 1 

1 1 whcre FS = factor of safcty (usually berween 1.5 to 2) 

For chis type of analysis, follow Stcps I through 12 wirh the value of 
K, = tan2 (45 - dj2) and K*,,,,; (insread of KJ. The acual dcpth of pen- 
erranon can now be d a a m h e d  by addkg  L,, obtained from Step 3, and 
L, , obtained from Srtp 8. 

Calculation o f  Maximum Bending Mornenr 

Thc xarure of variation of the moment diagram for a cantilever sheer pilc 
walI is shown in Figure 6.7b. 7 3 e  maximum moment will o c w  berwccn rhe 
points E and F. T o  obtain the rnaxhuxn momenr (M-) per unir length of 
the wall, onc must detexminc rhc point of zero shear. Adopting a new axis z' 

m 
I 

(with origin at point E) for zcro shear 

- - - -- - - 0 - -  

6.7a). the maerrirude of the m-uirnl-rn rnnmm* r - m  I... ~ L r o ; - r A  .., 



I Step 5. Taking the moment about E 
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n 1 Strp6 

8P - (8X58.32) 
A2 = y'(K, - KJ - (9.52)(2.943) 

= 16.65 

- - (6X58.32)[(2X2.23X9.52X2.943) + 214.663 

P (9.52)'(2 .943j2 
= 151.93 

A, = P(6?ps t qp) 
p'L:k; - KJ- 

- - 58.32[:6)(2.23)(214.66) 6 :41(58.32)] - U0.72 - 
(9.52>2(2.943)2 

Sup 6. From Eq. (6.16) 

Lt + 7.66L: - 16.65Lf - 151.39L. - 230.72 = 0 

The f~llowing ubL show the salucian of the p m d i n g  qivdon by d d  d error. 

P hnumed L. (m; Lcfi ride of Eq. (6.16) 

4 -356.4) 
5 + 178.58 
4 3  + 36.96 

So, L, 4.8 rn 

Stcp 9 

PI = P, + Y'LJK,  - iy3 
214.66 + !9.52)(4.8)(2.943) = 349.14 kNlm2 

PJ Y'(K, - K.)L, = (9.52)12.943)(4.8) - 134.48 L1V/m3 

F Step 11 

L, = P, La - 2f' (144.48)(4.8) - Z58.32) - - = 1.09 m 
P.1 + P. 134.46 + 349.14 

9 Step 12. p m e  distribution dia- crm nor k &=, & o m  in 
Figure 6.7~. 

8 Step 1 3  Tb. dsgm of m ~ a d o .  1.3(L3 + LJ = 1.3(0.66 + 4.6) = 7.1 m. 
& The rl=orcdal dcpch of penemtion = 0.66 c 4.8 = 5.46 m. 



I Size of Sheet Piling 

I Cslng Eq. (6,211 

From Eq. ( 6 2 2 )  

M, = ei + r? - [: f d 2 ( ~ ,  - x.)X') 

T& required secrion modulus of rhe sheer ile _e 
vr* ." 
9:: 

W i i  a,, = 172.5 , W / m L  3: 
20939 kN-m 

-% 
S = = 1314 x 10" m'/= of wall - - - % 

172.5 x lo3 kNlmz .:* - 2 
.i 

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

.I. 
Following are rwo special cases af the mathematical fonnuladan shown m r.: a, 
Section 6.3.  \ .: 1 - s': 
Case I : Sheet Pile Well with the Absence 
o f  Water Table 

In the sbsence of thr water table, the ner pressure diagram on h e  antilever 
sheer pile wall wil l  be as shown in Figure 6.8, which is a modified version of 
Figurc 6.7. Fat this figure 



Ultimate F r i c t i o n  F a c t o r s  and  Adhes ion  f o r  Mssimilar Materials 

I I n t e r f a c e  ?ta t e r i a l s  

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

sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i n e  sandy s i l t ,  n o n p l a s t i c  silt.................. 
Very s t i f f  and h a r d  r e s i d u a l  o r  p r e c o n s o l i d a t e d  ........................................... c l a y .  
Xedium s t i f f  and  s t i f f  c l a y  and s i l t y  clay........ 
(Xasonry  on f o u n d a t i o n  m a t e r i a l s  h a s  same f r i c t i o n  

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

C l e a n  g r a v e l ,  g r a v e l - s a n d  n i x t u r e s  , u e l l - g r a d e d  
 roc^ f i l l  w i t h  s p a l l s  ........................... 

Clear! s a n d ,  s i l t y  s a n d - g r a v e l  m i x t u r e ,  s i n g i e  s i z e  
h a r d  rock  f i l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S i l t y  s a n d ,  g r a v e l  o r  sand a i x e d  w i t h  s i l t  o r  c l a y  
F ine  sandy  s i l t ,  n o n p l a s t i c  silt . . . . . . . . . . . . . . . . . .  

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

C l e a n  g r a v e l ,  g r a v e l - s a n d  a i x t u r e ,  wel l -graded 
r o c k  f i l l  fwi.th s p a l l s  ........................... 

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

3il:;f s a n d ,  g r a v e l  o r  sand mixed w i t h  s i l t  o r  c l a y  
F i n e  sandy  s i l t ,  n o n p l a s t i c  silt.................. 

V a r i o u s  s t r u c t u r a l  m a t e r i a l s :  
Yasonry  on masonry ,  i g n e o u s  and  metamorphic r o c k s  : 

D r e s s e d  s o f t  rock  on d r e s s e d  s o f t  rock.......... 
Dres sed  h a r d  r o c k  on d r e s s e d  s o f t  r o c k  .......... 
D r e s s e d  h a r d  r o c k  on d r e s s e d  h a r d  rock.......... 

t?asonry on wood ( c r o s s  g r a i n )  ..................... 
S t e e l  on s t e e l  a t  s h e e t  p i l e  i n t e r locks . . . . . . . . . . .  

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

t a n  6 

F r i c t i o n  
a n g l e  ,6 

d e g r e e s  

I n t e r f a c e  X a t e r i a l s  ( C o h e s i o n )  

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

Adhes ion  Ca ( p s i )  

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



Kp=Rf  Kp FOR &$:-I) 

FIGURE 6 
A c t i v e  a n d  P a s s i v e  C o e f f i c i e n t s  w i t h  Wall F r i c t i o n  

(Sloping Backfill) 
7.2-G7 



K, VALUES ARE SATISFAC~RY FOR 8. Q,/3 BUT ARE UNCOHSERVATIVE POR 8 ) 9/3 AND 
THEREFORE SHOULD NOT BE USED. 

I 
FIGURE 8 

Coefficients 4 and Kp for Walls with Sloping Wall and 
Friction, and Sloping Backfill 
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PROJECT NO. 20140 

CLIENT GE SUBJECT Grout Cracking Evaluation Prepared By LHK Date: 2/24/99 
Reviewed Bv RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temoorarv Case 

TASK: 

To perform a bending deflection and grout cracking evaluation for a sheetpile wall supporting a slope of 2H: 1V with 9.5 feet 
of sheetpile wall exposed (temporary case). 

REFERENCES: 

1. Manual of Steel Construction - Load and Resistant Factor Desipn (1986). First Edition. American Institute of SteeI 

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

( I )  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: Modulus of elasticity = E = 30,000,000 psi 
Moment of inertia = I = 64.8 in4 (Sheet 30 for a WZ-75 sheetpile wall) 
Exposed height of sheetpile = L, = 9.5 ft = 114 in 

1.5" Diameter Grout Core: Modulus of elasticity = E = 4,560,000 psi (see Sheet 3 1 for calculation) 
Allowable tensile stress = a,' = 740 psi (see Sheet 3 1 calculation) 
Moment of inertia = I, = 19.9 in4 (see Sheet 3 1 for calculation) 
Section modulus = S = 4.87 in3 (see Sheet 32 for calculation) 

Soil Properties: 

From Sheet 1: 

Soil unit weight = y = 125 pcf = 0.072 pci 
Buoyant soil unit weight = y' = 62.5 pcf = 0.036 pci (Note: 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.) 
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CLIENT GE SUBJECT Grout Cracking Evaluation Prepared By LHK Date: 2/24/99 
Reviewed Bv RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temaorarv 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: 

D, = L3+z9 = 2.34 ft + 5.27 ft 

L = Ll+D, = 17.1 ft = 205.3 in -- 
Using the deflection formula for a Cantilever Beam - Load Increasing Uniformly to Fixed End in Ref. 1 (Sheet 34), the loading 
geometry shown on Sheet 35, and the modulus and moment of inertia for the sheetpile: 

where W, = 0.5KayL2and W, = 0.5(K,,+K,)y'D,2 

(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 Axa 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, which provides a conservative overestimate of the loading condition (see Sheet 35 for loading 
geometry). 

L O 2 4 E I  
W = 

3 ~ :  

(3) Determine maximum moment in the grout core. 

Using the maximum moment formula for a Cantilever Beam - Uniformly Distributed Load in Ref. 1 (Sheet 34): 

311/99 @ SHTPILE2 WPD w 
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Reviewed Bv RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temnorarv Case 

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

a,' = 482.8 osi 

483 psi (calcuiated) c 740 psi (allowable) OK 

CONCLUSIONS 

Based on the above calculations, it was determined that the stress in the grout is significantly less than the the allowable tensile 
stress (483 psi < 740 psi) under a worst case loading condition; therefore, grout cracking is unlikely. 

8 3/1\99 & SHTPILEZ WPD 
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CLIENT CE SUBJECT Grout Cracking Evaluation Prepared By LHK Date: 2/24/99 
Reviewed BY RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Lone Term Case 

TASK: 

To perform a bending deflection and grout cracking evaluation for a sheetpile wall supporting a slope of 2H: 1V with 7 feet of 
sheetpile wall exposed (long term case). 

REFERENCES: 

1. Manual of Steel Construction - Load and Resistant Factor Design (1986). First Edition. American Institute of Steel 

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 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: Modulus of elasticity = E = 30,000,000 psi 
Moment of inertia = 64.8 in4 (Sheet 30 for a WZ-75 sheetpile wall) 
Exposed height of sheetpile = L, = 7 ft = 84 in 

1.5" Diameter Grout Core: Modulus of elasticity = E = 4,560,000 psi (see Sheet 3 1 for calculation) 
Allowable tensile stress = a,' = 740 psi (see Sheet 3 1 for calculation) 
Moment of inertia = I, = 19.9 in4 (see Sheet 3 1 for calculation) 
Section modulus = S = 4.87 in3 (see Sheet 32 for calculation) 

Soil Properties: 
84 g 
a 
& From Sheet 1 : 

Soil unit weight = y = 125 pcf = 0.072 pci 
Buoyant soil unit weight = y' = 62.5 pcf = 0.036 pci (Note: 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.) 
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PROJECT East Street Area 2 Source Control Containment Barrier Long Term Case 

(I) 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 10. Therefore, based on Sheet 12: 

Dl = L,+z' = 1.73 ft + 3.88 ft 

Dl = 5.6 ft = 67.2 in 

L = L +D = 12.6 ft = 151.2 in - 1 1  

Using the deflection formula for a Cantilever Beam - Load Increasing Uniformly to Fixed End in Ref. 1 (Sheet 34), the loading 
geometry shown on Sheet 35, and the modulus and moment of inertia for the sheetpile: 

AxA = W 1  (L ; -SL  4 ~ *  +4L *)- 
60EIL 

W2 (40;) 
6 0 ~ 1 ~ :  

where W, = 0.5K,yL2and W, = 0.5(q+K,)yDlZ 

& = 0.012 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 Ax, 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,, which provides a conservative overestimate of the loading condition (see Sheet 35 for loading 
geometry). 

(3) Determine maximum moment in the grout core. 

Using the maximum moment formula for a Cantilever Beam - Uniformly Distributed Load in Ref. 1 (Sheet 34): 

SHTPILE4 WPD 
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(4) Calculate tensile stress in the grout and compare it to the allowable tensile stress. 

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

CONCLUSIONS 

Based on the above calculations, it was determined that the stress in the grout is significantly less than the the allowable (199 
psi < 740 psi) under a worst case loading condition; therefore, grout cracking is unlikely. 

&j 3/1/99 
SHTPILE4 WPD 

b 
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PROJECT East Street Area 2 Source Control Containment Barrier 

TASK: 

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

REFERENCES: 

I .  Merritt, F. S., M.K. Loftin, and J.T. Ricketts. (1996) Standard Handbook for Civil Engineers. 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) f,' 

where f,' = specified compressive strength at 28 days= 60 MPa (8,700 psi) from Sheet 33. 

a,' = 740 ~ s i  

Modulus of Elasticity 

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 ~ s i  

Moment of Inertia & 

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

I, = I+Ad12 

where I = moment of inertia about centroidal axis for a circle; A = cross-sectional area; d, = distance between centroidal and 
parallel axes (see Sheet 30 for a WZ-75 sheetpile wall). 

,,I,W 
$@ SUPP WPD 

A* 
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CLIENT GE SUBJECT Suaalemental Calculations Prepared By LHK Date: 2/25/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 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 30 for a WZ-75 
sheetpile wall). 

CONCLUSIONS 

The allowable tensile strength of the grout core is 740 psi, the elastic modulus is 4,560,000 psi, the moment of inertia is 19.9 
in4, and the section modulus is 4.87 in3. 
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BEAM DIAGRAMS AND FORMULAS 
For various static loading conditions 

For meaning of SvmooIs. See gage 3-'27 

18. CANTILEVER BEAM-LOAD INCREASING UNIFORMLY 
TO FIXED END 

19. CANTILEVER BEAM-UNIFORMLY DISTRIBUTED 1 1  LOAD 

'1 CANTILEVEF 

22. CANTILEVEF 

t-- I------- --- - I - -  Tutal Equiv.UnitwmLmd . . . .  - &I 

. . . . . . . . . . .  mu 1 

BEAM FIX: 
NOT ROTATE 

. . . . . . . . . . .  vn - ma 

AYERICAY I P ~ T E  OF STEEL C O N ~ C C ~ O S  



of Zero 
Moment 

LOADING DIAGRAM 

02199 SYR-DM-DJH 
20140005120140g13 cdr 
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PROJECT East Street Area 2 Source Control Containment Barrier Temoorarv Case 

TASK: 

To calculate the required embedment depth, maximum moment, and section modulus for a sheetpile wall supporting a slope of 
2H: 1V with soil excavated temporarily to 966.5 feet in front of the wall. The elevation of the top of the wall is 977 feet. 

REFERENCES: 

1. NAVFAC DM-?, March 197 1. 

2. Das, B. M. (1990) Princi~les 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 = 10.5 feet 

CALCULATIONS: 

The following calculation method is outlined in Ref. 2 (Sheets 13 through 20). 

/I> Determine net pressure diagram: 

(a) Calculate K, and ICp 
Using Table 1 from Ref. 1 (Sheet 2 l), wall friction angle 6 = 14", 

Using Figure 6 on Sheet 22, for = 0"/3O0 = 0, and 6/@ = -14"/30° = -0.47, 

K, = R(K, for 614 = -1) = [(7/10)(0.746 - 0.686) + 0.686]x(6.5) = 0.728 x 6.5 = 4.73 

& = 4.73 

For &, (1, = 30°, P = tan-'(1/2) = 26.6", 6= 14", 

Since Figure 6 does not provide values for 61.4, use general equation on Sheet 23 instead (with 0= 0). 

I& = cos2+ 1 ( cos 6[  1 + (( sin ( 4  + 6) sin ( 4  -P)/ (COS 6 cos (-p)))0.5]2) 
= cos2(30)/ ( cos (14)[ 1 + (( sin (30 + 14) sin (30-26.6)/ (cos (14) cos (-26.6)))0.5]2) 
= 0.751 ( 0.9703 [ 1 + (0.6947 x 0.059 11 (0.9703 x 0.8942))0.5]2) 

3/1/99 
SHTPILES WPD 
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PROJECT East Street Area 2 Source Control Containment Barrier Tem~orarv Case 

(b) Calculate pressures and forces acting on wall. 

4 All of the following calculations are based on the information provided on Sheets 41 and 13 through 20. 

& 
(i) Calculate active pressure on wall at EL 966.5ft: 

g, = 682.5 psf 

(ii) Determine location of zero net pressure as distance below excavation elevation (966.53). 

L, = 2.59 ft 

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

EME to determine location: 

Pz, = 1/2p1L,(L3+L,/3)+l/2p,L3(2/3L,) 

2, = 5.23 ft - 

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

(c) Satisfy principles of statics. 
R8 pj 
@ CF, = 0 

P-0.5p3L4+O.5(p3+p,)L, = 0 
m 
&4 gg 

s4 a 3/1/99 
SKTPILES WPD 



CALCULATION SHEET PAGE 38 OF& 

PROJECT NO. 20140 

CLIENT GE SUBJECT Additional Sheet~ile Desipn Calculations Prepared By LWK Date: 2/24/99 
Reviewed By RDD Date 2/25/99 ' PROJECT East Street Area 2 Source Control Conta~nment Barrier Temporary Case 

Solving Eq. 3 for L,: 

W4+z ,  )-( 1 f'2)~4~,(~413)+( 1 / 2 ) ~ 5 ( ~ , + ~ 4 ) ( ~ , / 3 )  = 0 

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

where 

A, ~ 2 6 . 1 5 ;  A ,=  135.60; Aj=3723; A4= 15056 

By trial and error: 

SHTPILES WPD 

L4 

12.9 

13.1 

13.0 

Equation 

- 1 824 

1136 

-363 
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CALCULATION SHEET PAGE 2 OF* 

PROJECT NO. 20140 

@ CLIENT GE SUBJECT Additional Sheetoile Design Calculations Prepared By LHK Date: 2/24/99 
&g Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temoorarv Case 

- q 
Using Eqs. l ,2 ,  and 4 : 

p, = 3426 usf 
p, = 10,317 usf 

L, = 2.59 ft 

(d) Determine required embedment depth. 

Increase D by 10 percent (F.S.=1.25 for temporary construction condition) - D = 17.1 ft 

(2) Calculate the maximum bending moment. 
(a) Determine location of maximum moment as distance from Point E (see Sheets 41 and 13 through 20 for 
clarification): 

(b) Calculate maximum bending moment: 

M,, = P(z,+z')-[O.~~'(Z')~(&-K,)I( 1/3)~ '  

M,, = 40,70 1 Ib-Wft 

&,, = 488,415 Ib-inlft 

a 
(3) Calculate required section modulus: 

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

x4 
311, $9 SHTPILES WPD 

u, . 



CALCULATION SHEET PAGE 4 0  OF* 

PROJECT NO. 20140 

CLIENT GE SUBJECT Additional Sheetpile Des i~n  Calculations Prepared By LHK Date: 2/24/99 
Reviewed By RDD Date 2125199 

PROJECT East Street Area 2 Source Control Containment Barrier Tem~orarv Case 

The section modulus, S, is greater than 15.9 in3 for WZ-75, therefore a thicker sheetpile is required. A WEZ-95 with a 
section modulus of 24.9 in3 is acceptable. 

CONCLUSIONS 

For an exposed wall height of 10.5 feet with a 2H: 1V slope of soil above sheetpile, the required embedment depth is 17.1 
feet for a factor of safety of 1.25 under temporary construction conditions. Rounded to the nearest foot, a 28-foot long 
sheetpile is required. The section modulus of a WEZ-95 sheetpile is acceptable. 

m 
3ll199 
SHTPlLE5 WPD a 





CALCULATION SHEET PAGE %OF& 

PROJECT NO. 20140 

CLIENT GE SUBJECT Grout Cracking Evaluation Prepared By LHK Date: 2/24/99 
Reviewed BY RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier Temoorarv 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 (temporary case). 

REFERENCES: 

1. Manual of Steel Construction - Load and Resistant Factor Design (1986). First Edition. American Institute of Steel 

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. 

1 
CALCULATIONS: 

Assumotions: 

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

1.5" Diameter Grout Core: Modulus of elasticity = E = 4,560,000 psi (see Sheet 45 for calculation) 
Allowable tensile stress = a,' = 740 psi (see Sheet 45 calculation) 
Moment of inertia = I, = 38.5 in4 (see Sheet 45 for calculation) 
Section modulus = S = 7.13 in3 (see Sheet 46 for calculation) 

Soil Properties: 

a 
@ 

From Sheet 1 : 

Soil unit weight = y = 125 pcf = 0.072 pci 
Buoyant soil unit weight = y' = 62.5 pcf = 0.036 pci (Note: 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.) 



CALCULATION SHEET PACE O F 3  

PROJECT NO. 20140 

CLIENT GE SUBJECT Grout Crackinp Evaluation Prepared By LHK Date: 2/24/99 
Reviewed Bv RDD Date 2/25/99 

PROJECT East Street Area 2 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 39. Therefore, based on Sheet 41 : 

Dl = L,+z' = 2.59 ft + 5.82 ft 

Yil Using the deflection formula for a Cantilever Beam - Load Increasing Uniformly to Fixed End in Ref. 1 (Sheet 34), the loading 
geometry shown on Sheet 35, and the modulus and moment of inertia for the sheetpile: 

where Wl  = 0.5K,yL2and W, = 0.5(I&+KJy'D,2 

1 (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 Ax, 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 Dl which provides a conservative overestimate of the loading condition (see Sheet 35 for loading 
geometry). 

hu,24EI 
W = 

3 0 :  

(3) Determine maximum moment in the grout core. 

Using the maximum moment formula for a Cantilever Beam - Uniformly Distributed Load in Ref. 1 (Sheet 34): 

SHTP1LE6 WPD 
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PROJECT NO. 20140 

CLIENT GE SUBJECT Grout Cracking Evaluation Prepared By LHK Date: 2/24/99 
Reviewed BY RDD Date 2125199 

PROJECT East Street Area 2 Source Control Containment Barrier Tem~orarv Case 

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

0,' = 414.1 psi 

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

I 
CONCLUSIONS 

Based on the above calculations, it was determined that the stress in the grout is significantly less than the the allowable tensile 
stress (414 psi < 740 psi) under a worst case loading condition; therefore, grout cracking is unlikely. 

@ 3"" 
SHTPILE6 WPD 

-9 



CALCULATION SHEET PAGE 4 5 0 ~ ~  
PROJECT NO. 20140 

Brr;p.i.d B'CY+Li * .tc IF. 
+'" nenr r tr nni  i t  

CLIENT GE SUBJECT Su~alemental Calculations Prepared By LHK Date: 2/25/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier 

TASK: 

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

REFERENCES: 

1. Merritt, F. S., M.K. Loftin, and J.T. Ricketts. (1996) Standard Handbook for Civil Enyineers. 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) f,' 

where f,' = specified compressive strength at 28 days= 60 MPa (8,700 psi) from Sheet 33. 

a,' = 740 ~ s i  

Modulus of Elasticity 

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+Ad12 

where I = moment of inertia about centroidal axis for a circle; A = cross-sectional area; dl = distance between centroidal and 
parallel axes (see Sheet 30 for a WEZ-95 sheetpile wall). 
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CLIENT GE SUBJECT Suoolemental Calculations Prepared By LHK Date: 2/25/99 
Reviewed By RDD Date 2/25/99 

PROJECT East Street Area 2 Source Control Containment Barrier 

where d = diameter of the grout core. 

I. = 38.5 in4 

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 30 for a WEZ-95 
sheetpile wall). 

CONCLUSIONS 

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. 

3/1/99 
SUPPI WPD 
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Attachment 3 

Evaluation of Impacts and 
Mitigation/Restoration Measures for 

Area Subject to Massachusetts 
Wetlands Protection Act 

(3109 CMR 10.00) 



Project Narrative East Street Area 2 Riverbank Area 
Pittsfield, M A  

Site Location 

The location of this proposal activity is designated as USEPA Area 4/MCP East Street 
Area 2 in the "Proposal for Supplemental Source Control ContainmentlRecovery 
Measures" prepared by BBL, Inc. in January, 1999. The area for the proposed work is 
near a water-oil separator (identified as Building 64x) owned by the General Electric 
Company. The work will occur along the bank of the Housatonic River in the vicinity of 
Newell Street and East Street. Presently, the site is secured with gates and fencing. 

Proposed Pro-iect 

As part of the ongoing activities identified in the sources 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 CMR 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 extend 25 feet in 
depth and shall generally have an upper elevation of 977 feet (slightly higher in certain 
areas). Erosion control silt fence shall be installed at water's 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 form the toe of the riverbank. The 
roots of these trees will not be removed at this time. In addition, the fence along the top 
of the bank will be relocated for access by equipment. 

Areas Subject 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 M i t e  Engineering, Inc. on February 19, 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 will be no 
impact to this portion of the resource area from the sheetpile installation. 

March 1, 1999 
White Engineering, Inc. Page l 



Project Narrative East Street Area 2 Riverbank Area 
Pittsfield. MA 

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. The area will also be 
cleared of tress in order to accommodate installation crews. 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 to stabilize the bank since this area will be subject 
to further 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 
where the BVW ends. There is a visible break in slope below the elevation of the top of 
bank, which occurs approximately along the existing fence line. This activity will 
involve approximately 400 linear feet. The majority of the existing trees will be removed 
from this portion of 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 further disturbance during GE's implementation of its proposed removal 
project for the upper ?4 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. The land subject to the 100-year 
flood begins at the border of the BVW and extends up the slope for approximately 600 
feet. The potential effect of the project on flood storage capacity is discussed in Section 
VI of the forgoing letter from General Electric to USEPA and the Massachusetts 
Department of Environmental Protection. 

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. 

March 1,  1999 
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Wetland Reconnaissance Report 
Riverbank Area Adjacent to C3emraI Electric Building 64X 

USEPA AREA 41 MCP East Street Area 2 
Pittsfield, MA 

The above mentioned area was reviewed for wetlands boundaries on February 19, 1999 by 
Shannon Lombardi of White E ~ ~ s J ,  Inc. The resource area was d e b a t e d  based on 
vegetation alone using the meQhods described in "Delineating Bordering Vegetated 
Wetlands Under the Massachusetts Wetlands Protection Act, A Handbook, March 1995 
by MA Department ofEnvironmt?atail Protection. The property abuts the Housatanic 
River which has a bordering vegetated wetland approximately 5 feet wide. The 
wetland boundary was flagged with orange and white-stripped w e y  flags numbered WF- 
1, start through WF-10, end. Vegetation and topography were adequate to de~emine 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 d o m i n d  by Red-Osier Dogwood (Connrs stoImj4era) shrubs. A bordering 
vegetated wetland averaging 5 fm wide along the 400 feet stretch of river is dominated 
by American Etm ( A h  merim), Eastern Cottonwood (Poplus &koi&s), Silver 
Maple ( A w  ~(xcchapimrn), and Red-Osier Dogwood (Corns stolonijera). 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 fbrrning the upper bank until leveling off to the 
open lot. From the edge of the bordering vegetated wetland the 10eyear floodplain 
extends well into the upland. The entire bank of the river is part of the 100-foot inner 
riparian zone ofthe rkrfkont area. At the time of my visit there was no visible 
groundcover on the bank. 

Wetland Indicator C a ( t e  

OBL (ObIigate Wetland): Occurs almost ahvays 1>99%) in wetlands 
FACW (E'acllrtative Wetiand): U s d y  occurs in wetlands (67%-99%) but occasionally 
found in upland environmems 
FAC (Facultative): Equally likely to occur in wetland or uplands (34%-66%) 
FACU (Facultative Upland): Usually occurs in uplands (67%/&-W/o), but occasiodly 
fbund in wetland environments 
UPI, (Obligate Upland): Occurs almost always (>99%) in uplands under natural 
conditions in this region. May oacwr in wetlands in other regions of the country. 

The following resource weas present at the site are subjeet to the Massachwe$ts Wetlands 
Protection A q  land under waterway (Housatomc River), bank of the Housatonic River, 
bordering vegetated wetland adjacent to the bank, 100 ft. buffir zone from the bordering 
vegetated wettand, floodplain extending fiom the B W  boundary into the upland and 200 



ft riparian zone from the Housatonic River bank under the Riven Protection Act. This 
site is not included in an area of estimated wild& habitat by the Natural Heritage and 
Endangered Species Program. The 4MTfmt stretch of riverbank is signiticantly less than 
the 10% allowable disturbance under the Wetlands Protection Act fbr wildlife habitat 
protection. 

Shannon D. Lombanti 
Environmental Analyst 
White Engineer'mg, Inc. 

Whiw Engineering lac. 



DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form 
A~~ficafil ~~ ~ d - l u u ,  -. fiepared by 2 ~ a n h o r d a - -  Pploiea localion: L5Wt S % / A ~ ~ / /  d- OEP File U: 

t3h*k~- q ~ n e e f  1 9 ,  fnc. 
Check all lhat apply 

@ Vegelalion alone presumed adequale to delineate BVW boundary: fill oul Section I only 

a Vegetation and other indicators of hydrology used to delineale BVW boundav: fill out Secfions I and I1 
Method other lhan dominarlce lest used (Mach addilional inlormation) 

Section 1. Vegetation Observation Plot Number: A Transect Number: 2- Date of Delineation: 2h 9 199 

A: Sample Layer and Plant Species 
(by commonlsclenllflc name) 

"m- - 
8. Percent Cover C. Percent 0. Damlnenl PIqnt E. Weltand 

(or basal eree) Domlnence (yes or ne) lndlcalor 
Category' 

h.ner"wc4 ( s c a - ~ v ~ )  t o  "/o 7 0 0  va 'fes Fflcu - 
' Use an aslelisk lo mark welland indicator plants: pianl rpecles lisled in the Weysnds Pioleclion Acl (MGL c.131, s.40); planls in lhs pews Sphagnum: plants listed as , 
FAC. F A G .  FACW.. FACW. FACW*. or 081; or plants wilh physiologicst or mol 'hologlcsl adap(ationa. I any plants ale identified as welland Indicator plants due to 
physiological or morphological adaptations, describe the adaptation next to \he a terisk 6 
Vegetation conclusion: 

* 

Number ot dominant welland Indicator plants: % - l u m b e r  of dominant nonwet lnnd lndlcator plants: f 

1s the w m b e r  of domlnanl welland plants equal to or greater lhan the number of dornbant nan-wetland plants? 

ve9@18?h-I atoneIs presumedsdequete lo delheale the BVW boundary, rubmil ~ h l s  form with the Requepl for beferm~ne~lan at a p p l l c r b ~  o r ~ o l l c e  olfnfrnf. 
I 

MA DEP; 3rPS 



1 DEP Bordering Vegetated Wetland (310 CMR 10.55) Delineation Field Data Form 
I 
I A P P I ~ ~ ~ ~ ~ . ~ ~ P , ~ ~ I F ~ & ~ Z L L D  - -_ Prepared by _s. IOh&.- Projecl localion &En57 S?/!!we 1) DEP File U: 
I tneertT 

Check all that apply: 

@ Vegelalion alone presumed adequate lo delineale BVW boundav: ti l l  out Section I only 

0 Vegelalion and other indicators of hydrology used to delineate BWV boundary: fill out Sections i and il 
C) Method other lhan dominance test used (attach additional inlomlation) 

Sectf0n f. Vegetation Observalion Plot Number: A Tlansect Number: / Date of Delineation: 2/19/90 

A: Sample Layer and Plant Species 
(by eommonlsclenllllc name) 

Tim5 

0. Percent Cover C. Percent D. Domlnent Plant E. Wetland 
(or basal area) Domlnance (yes or n6) lndfcator 

Calegory' 

l o o  V/J  

Yes 
yes 

Id0  

' Use an asterisk to mark wclland indicator plants: plant species listed in ihe Wrunnds Prolection Act (MOL c.131, s.40): plants in the gews Sphagnum planls listed as 
FAG. FAC+, FACW-. FACW, FACWt, or OBL; of planks with physiological or #no,.hologlcal edaptalions. If any plants ere ldenlilied as wetland indlcator plants due lo 
physiological or morphological adaptations, describe the adaptation next to Ihe a ! br isk  

I 

Vegetation conclusion: I 
I Number of domlnant wetland Indicator planls: 3 Number of domlnant nonpvellaud lndlcator plants: 0 I 
1s the number of dominant wetland plants equal to or greater than the number of domhant non-wetland ptmts 

vt'ge~sflon stone 1s presumed adequale to detineate the BVW boundary, sobmil ihfs  / o m  wllh the Reqverf lor Oefermfneflon of ~ p p l l c a b l l ~ y  or ~ l o t ~ c r  of Intent. 
I 
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Riverbank Adjacent to General Electric Company Building 64X 
USEPA Area Al MCP East Street Area 2 
General Electric Company Property 

Species List 
As observed February 19,1999 

Sta W50 
Tree-- 7s- di.1 S c i e ~ c  Name Wetland Indicator Category 
Eastern Cottonwood (3) Poplm deltoidis FAC 
Norway Maple (5) Acer platanoides UPL 
Silver Maple ( 5 )  Acer mc&ananmun FACW 

sJm&S Scientific Name Wetland indicator Category 
Common Buckthorn Rhamnus cc~tharriica UPL 
American Elm U b  meaicrma FACW- 
Silver Maple Acer saccharinwn FACW 
American Bittersweet Cehbus scamhs FACU- 

Sta 50+100 
Trees cw 45- &q) Scientific Name Wetland Indicator Category 
None 

shrubs . Scientific Name Wetland Indicator Catenow 
Red-Osier Dogwood C m s  stolonifera FACW+ 
Smooth Sumac JUPtds glabra FAC 
American Biftessweet Celastrus suzndem FACU- 

sta 100+150 
I# o~ meu&% >5- die) Scientific Name Wetland Zndicator Catego'y 

None 

!5hbs Scientific Name Wetland Indic~arpd Catemry 
Red Maple Acer rubnun FAC 
Red-Osier Dogwood C o r n  stoionife~ FACW+ 

Sta 150+200 
No vegetarhn visible at this time 

Sta 200+250 
Tree 16 d 'as >sw #& Scientific N m  e Wetland Indicator Ca twory: 
Northern Red Oak(1) QUWCPT mbra FACU- 
American Elm (I) Uh.s americana FACW- 
Eastern Cottonwood (5) Populus deltoides FAC 



(Sta 20W250 cont.) 
sta!b! 
Common Buckthorn 
Red-Osier Dogwood 
Norway Maple 

Sta 25W-300 
Cg dswcia>S" dioj 

Eastern Cottonwood (4) 
Norway Maple( 1) 

Shrubs 
None 

Sta 300+350 
B e a  r t  ->s-- .&) 

Northern Red OaEr(2) 
Eastern Cottonwood (2) 

Shrubs 
Red-Osier Dogwood 

Sta 35W400 
Trees cr cl ~ ~ ~ c i a :  >Y? 

Eastern Cononwood (6) 
Gray Birch(1) 
Paper birch (1) 

Shrubs 
None 

Scientific Name Wetland Indicator Catenory 
Rbnmas cathartics UPL 
Comas stolomj'era FACW+ 
Acer plalanoiids UPL 

* * 

-Name Wetland Indicator Cates~_rm 
Poptalus deltoidks FAC 
A cer pkrbanoides UPL 

Scientific Name Wetland Indicator Cater;roru 

Scientific Name Wetland Indicator Categosy 
@ere@ mbra FACU- 
Popltrs &ltoi&s FAC 

Scientwame Wetland Indicator Cat- 
Comw sfolornj.er~ FACW+ 

Scientific Name Wetland Indicator (&&g-~ 
P p I t r s  &Ztoadt?s FAC 
Berula popuZ~fbZia FAC 
Betukzpqyrijera FACU 

Scientific Name Wetland Indicator Cateaory 
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