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1.0 INTRODUCTION 

 

Mactec Engineering and Consulting Inc. (Mactec) has prepared this  Basis of Design 

Report (Report) on behalf of South Buffalo Development, LLC (SBD).  In April 2009, 

SBD entered into a Brownfield Cleanup Agreement (BCA) with the New York State 

Department of Environmental Conservation (NYSDEC) to remediate Areas A and B 

of the former Buffalo Color Corporation (BCC) property. 

 

SBD has teamed with Honeywell to facilitate the demolition of the former BCC dye 

plant and remediate the property.  The remediation and redevelopment approach for 

the BCC site utilizes the Track 4 cleanup category in accordance with the New York 

Brownfield Cleanup Program. 

 

This Report presents the design basis (i.e., 30 Percent Design) for a vertical hydraulic 

barrier (vertical barrier) that will be constructed on Area A. 

 

1.1 PURPOSE OF THE BASIS OF DESIGN REPORT 

This Basis of Design Report summarizes the preliminary and status design decisions for 

the Area A vertical barrier.  The purpose of this report is to present the results of pre-

design investigations, groundwater modeling, portions of the geotechnical laboratory 

testing conducted in support of remedial design, and to provide the conceptual 

description and design basis for the proposed remedial action.  

 

1.2 BACKGROUND 

The design concepts presented in this report are based in part on the final Alternatives 

Analysis Report (AAR) for the BCC site (Mactec, 2009).  SBD is the current owner of the 
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BCC site and, as noted above, has entered into a BCA with the NYSDEC to complete the 

remediation of the BCC site to facilitate redevelopment of the property.  

 

The AAR identified construction of a down gradient vertical barrier with groundwater 

extraction as the preferred alternative for Area A groundwater, which was identified as 

Alternative GW-A-2: Continued Operation of Interim Corrective Measure (ICM) with 

Hydraulic Barrier Wall.  The selected remedial alternative consists of: 

 

 Construction of a vertical barrier along the eastern boundary of the site along the 
Buffalo River and along portions of the northern and southern boundaries of 
Area A.  The vertical barrier would be keyed into an underlying 
glaciolacustrine clay layer that underlies the Area A between approximately 25 
feet and 35 feet below ground surface (bgs), and which acts as an aquitard 
separating the upper aquifer from a deeper aquifer (see Subsection 2.3 for 
geology details).  

 Continued operation of the groundwater extraction wells and groundwater 
treatment system installed in 2006 as part of the ICM, which consists of 
groundwater extraction with treatment and discharge to the Buffalo Sewer 
Authority (BSA) wastewater treatment plant.  

 

The intent of the remedial alternative is to prevent migration of contaminated 

groundwater from Area A and to reduce the volume of river water that is extracted by 

the groundwater extraction and treatment ICM.  

 

The following potential vertical barrier options have been considered, both as stand-

alone options, or in combination: 

 

 soil bentonite (SB) slurry wall 

 cement bentonite (CB) slurry wall 

 grouted steel sheet pile wall 

 jet grouted wall 
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Area A subsurface investigations were performed in 2009 and 2010 to better 

characterize the underlying soils and glaciolacustrine clay, as well as, to provide a better 

understanding of the extent of rubble fill, utilities, and abandoned foundations at the 

site.  Results of those investigations are provided in Section 4.0. 



EXISTING CONDITIONS  
 

 
Buffalo Color - Area A Vertical Hydraulic Barrier 
Basis of Design Report – 30 Percent Design 4 June 1, 2012 

 

2.0 EXISTING CONDITIONS 

A summary of existing conditions is provided in the following subsections. 

 

2.1 DESCRIPTION OF AREA A 

The BCC property is partitioned into Areas A, B, C and E (Figure 1); Area A is shown 

on Drawing C-101 in Appendix A.  Area A is a 10.2 acre site located along the 

north/northwest bank of the Buffalo River.  The property is enclosed by fencing and is 

accessible by vehicle via gates located along South Park Avenue on the northern side of 

the site.  SBD has recently completed the demolition of former plant production 

buildings, above ground storage tanks (ASTs), aboveground piping, and other ancillary 

structures.  Several structures, including Building No. 75, and a groundwater treatment 

facility (GWTF), remain and will continue to be used in the future.  The locations and 

limits of known former and existing structure limits are provided on Drawing C-101.  

 

Figure 1. Buffalo Color Corporation Site Plan 

The Area A site is bounded by South Park Avenue to the north, the Buffalo River to the 

east, former/abandoned rail road tracks on an elevated embankment to the south, and 
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active rail road lines to the west.  The northeast corner of the Area A site is adjacent to a 

bridge abutment for the South Park Avenue bridge that extends over the Buffalo River. 

 

The east side of the site contains a combination of several reinforced concrete retaining 

structures that line the bank of the Buffalo River (Drawing C-101).  The majority of the 

concrete retaining walls shows some deterioration at the base, but visually appear to be 

in overall good condition.  Some or all of the retaining walls are supported on wood 

pilings, the lengths of which are unknown.  A former intake structure (former Building 

No. 45) is located approximately 400 feet southwest of the northeast property line along 

the river front, and is believed to have provided water for the former dye plant or power 

plant operations.  The Area A site is also populated by several abandoned concrete 

foundations and slabs at former building and structure locations.  The dimensions and 

depths of these foundations and slabs are variable across the Area A site.  More detail on 

the abandoned foundations/slabs and intake structure is provided in Section 4.0. 

 

At three locations along the river, the bank slopes downward at approximately 2 

horizontal to 1 vertical (2H:1V) from existing grade (two locations) or from retaining 

wall faces (one location) located approximately 20 feet northwest of the river bank.  The 

southern-most slope is lined with an engineered, 170-foot long, marine mattress that 

was designed by Mactec and constructed in 2006 as part of the ICM program (Drawing 

C-101).  The remaining two slopes are lined with riprap or stone.   

 

The site contains five active extraction wells (EW-1 through EW-5) that were installed in 

2006 for extraction of site groundwater.  Extracted groundwater from two of these wells 

(EW-1 and EW-2) is currently pumped and treated via carbon units at the GWTF 

located at the southern limit of the site.  The effluent from the other three wells is also 

pumped to the GWTF but does not undergo carbon filtration.  The treated and untreated 

effluent is conveyed via separate underground pipes (installed in 2010 to replace 

aboveground piping) to a BSA manhole located on the northern side of Area B.  

Presently, the Area A groundwater extraction system pumps an average of 

approximately ten gallons per minute (gpm) to the BSA.  The record locations for the 
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underground piping installed in 2010 for the extraction wells and GWTF effluent are 

provided on Drawing C-101 (Appendix A). 

 

The ground surface topography at the site is relatively flat, and ranges from 

approximately elevation 583 feet to 585 feet, North American Vertical Datum 1988.  A 

localized high point of elevation 588 feet exists at the northeast corner of Area A to the 

east of Building No. 75.  The former railroad track bed to the south of the Area A site, 

along the border with Area D, is constructed on an and elevated embankment with a 

crest that is estimated at approximately elevation 605 feet; the sideslopes of the railroad 

embankment are graded at slopes estimated at approximately 2H:1V.  The toe of the 

former railroad slope meets existing site grade at approximately elevation 585 feet.   

 

Most of the Area A site has been reworked from the original native topography through 

the construction and demolition of various structures throughout the life of the plant.  

Historical records also indicate that the riverbank area, specifically along the southern 

end of Area A, was filled to reroute the river to the southeast and increase the surface 

area of Area A.   

 

The Area A site ground surface is presently covered by a combination of sand/gravel 

aggregate, vegetated topsoil, asphalt pavement, reinforced concrete slabs, and several 

structures associated with the former BCC operations.  As noted above, demolition of the 

majority of former BCC structures, including production buildings, tank farms, and 

aboveground piping was recently completed by SBD.  The GWTF, Building No. 75 

(single-story concrete block structure), and several metal-clad buildings will remain.   

 

Area A is underlain by numerous buried active and abandoned utilities, the majority of 

which are shown on Drawing C-101 (Appendix A). 
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2.2 REGIONAL GEOLOGY AND HYDROGEOLOGY 

The regional geology and hydrogeology has been summarized in prior reports 

prepared for the BCC site (Engineering Science, Inc., 1989; Remcor, Inc. 1995; Golder 

Associates 1997) and most recently in the Remedial Investigation Report (Mactec, 

2008) and AAR (Mactec, 2009).  A brief summary of the regional geology, as discussed 

in these referenced documents, is presented in the following paragraphs.   

 

The BCC site is located within the Erie-Ontario Lowland physiographic province of 

New York State.  The Erie-Ontario Lowland is underlain by layers of sedimentary 

bedrock which are largely covered with unconsolidated deposits.  The bedrock consists 

mainly of bedded or layered shale, limestone, and dolomite, and is comprised of fine-

grained sediments deposited in seas during the Silurian and Devonian Periods. 

 

The Onondaga Limestone is the uppermost bedrock unit at the BCC site.  The upper 

portion of the Onondaga Limestone was subjected to glacial scouring and weathering 

and is characterized as a hard, gray, finely crystalline, massively bedded, stylolitic 

and cherty limestone.  The limestone is typically heavily jointed and exhibits a high 

degree of secondary porosity.  The regional dip of the bedrock is gently south-

southwest at approximately 1 percent (40 feet per mile). 

 

Unconsolidated deposits overlying bedrock in the vicinity of the BCC site are mostly 

glacial deposits formed during Pleistocene time (about 10,000 to 15,000 years ago), 

when a continental ice sheet covered the region, resulting in deposition of glacial till, 

which is an unsorted mixture of clay, silt, sand and stones deposited directly from the 

ice sheet.  Upon retreat of the ice sheet, glacial lake (or glaciolacustrine) deposits 

formed, which consisted of bedded clay, silt, and sand that settled out in lakes fed by 

the melting ice.  Further retreat and melting of the ice sheets resulted in sand and 

gravel deposits associated with glacial streams from the meltwater.  The glacial sand 

and gravel deposits have been interpreted to be ice-contact, outwash, orlude alluvium, 

which consists of sand and gravel laid down by rivers and streams during recent 
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geologic time.  The overburden deposits generally are less than 50 feet thick in the 

vicinity of the BCC site, excluding fill materials. 

 

Groundwater can be found locally in both the unconsolidated deposits and the 

limestone bedrock of the region.  The unconsolidated deposits exhibit a wide range of 

hydraulic conductivity and can yield varying quantities of water, or none at all.  

Groundwater within the bedrock is transmitted through fractures such as horizontal 

and vertical joints, which are widened by dissolution processes.  The availability of 

groundwater in the bedrock can vary widely based on the occurrence of fractures and 

the size of the solution openings.   

 

2.3 BCC SITE-SPECIFIC GEOLOGY AND HYDROGEOLOGY 

The geology at the site is summarized in the following subsections. 

 

2.3.1 Geology 

Approximately 36 monitoring wells, 13 piezometers, and 24 soil borings were installed 

during previous investigations during the Resource Conservation and Recovery Act 

(RCRA) Facility Investigation (RFI) (Golder 1997) across Areas A, B, C, and E.  Other 

wells, piezometers, and test borings were installed during investigations that 

pre-dated the RFI.  More recently, numerous wells and piezometers were installed on 

Area A in 2005-2006 to support the ICM design and test borings were advanced across 

Area A during the 2007-2008 Remedial Investigation (RI).  Drawing C-101, provided 

in Appendix A, shows the current locations of monitoring wells and piezometers on 

Area A.  These previous investigations identified the following subsurface strata 

across the BCC site in order of increasing depth: 

 

 Fill:  Unconsolidated material was found over the majority of the surface of the 
BCC site and consisted of clay, silt, crushed stone gravel, bricks, and 
miscellaneous building demolition debris.  The fill generally ranges in 
thickness from less than 1 foot to about 20 feet, with the maximum thickness 
occurring near the Buffalo River. 
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 Alluvium:  Unconsolidated materials, mostly fine to very coarse sands and 
likely representative of historical deposits from the Buffalo River have 
exhibited a moderately high hydraulic conductivity.  The alluvium was 
encountered across the BCC site, but was more prominent along the eastern 
half of the BCC site, along the existing and former river bed.  The thickness of 
this unit was observed to be up to about 21 feet, with the maximum thickness 
located near the Buffalo River. 

 Clay and Silt Tills (Upper Tills):  Unconsolidated fine-grained clay and silt tills.  
The thickness was historically identified as 0 to 10 feet in thickness, and was 
previously observed to underlie a portion of Area A. 

 Glaciolacustrine Clay:  Primarily clay, with occasional fine sand, and was 
encountered below the entire BCC site.  Thickness ranged from 24 to 36 feet.  
Grain size analyses show that this unit was comprised almost entirely of clay-
sized particles, and laboratory testing had shown that it has exhibited a 
relatively low hydraulic conductivity.  This stratum was considered an aquitard 
between Shallow and Confined Aquifers (see Section 2.3.1). 

 Basal Till:  Unsorted mixture of sand, silt, gravel and minor amount of clay.  
The basal till was found in all deep borings, was encountered immediately 
above the bedrock, and was reported as less than 5 feet thick. 

 Onondaga Limestone:  Bedrock unit described as fractured and weathered, 
dark gray limestone.  Only the upper few feet of this unit were penetrated 
during prior drilling activities. 

 

Mactec has reviewed and considered the overall historically reported site geology (fill 

over alluvium, upper till, glaciolacustrine clay, basal till, and limestone).  It is our 

opinion that the previously reported “upper till” is actually part of the alluvium, with the 

layers containing increased gravel content related to increased depositional energy.  The 

existence of relatively unconsolidated underlying glaciolactustrine deposit further  

reinforces that the upper tills, which would have consolidated the glaciolacustrine clay, 

do not exist as a separate stratum. 

 

2.3.2 Hydrogeology 

Previous investigations have identified two aquifers at the BCC site.  The first aquifer 

encountered, designated the Shallow Aquifer, consists of a saturated unconfined 

system within the fill and sediments above the glaciolacustrine clay unit.  The Area A 

groundwater chlorobenzene plumes identified in the RI are located in the unconfined 

Shallow Aquifer.  Typical groundwater elevations for the Shallow Aquifer are between 
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12 and 14 feet bgs.  The second aquifer, designated the Confined Aquifer, occurs 

within the basal till and weathered upper surface of the bedrock.  Golder concluded in 

the RFI report that the thick, low conductivity glaciolacustrine clay unit acts as an 

aquitard, separating these aquifers and providing a confining layer for the deeper 

aquifer. 

 

In general, groundwater in the Shallow Aquifer flows toward the Buffalo River and 

discharges to the river under normal conditions.  However, operation of the Area A 

groundwater extraction system and the presence of subsurface utilities and other 

manmade features at the BCC site influence local flow conditions within the Shallow 

Aquifer.  Portions of the sewer lines (and surrounding backfill materials) that are 

present below the phreatic surface often act as groundwater collection points.   

 

Groundwater in the Confined Aquifer exists under apparent confined conditions within 

the Basal Till stratum and upper portion of the Onondoga Limestone below the 

glaciolacustrine clay.  In general, groundwater flow within the confined aquifer has been 

observed to occur to the west/southwest along the Buffalo River valley, with the ultimate 

discharge point expected to be Lake Erie. 
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3.0 PRE-DESIGN INVESTIGATION 

 

Pre-design investigations (PDIs) were conducted in support of the design of the Area A 

vertical barrier as described in the Area A Geotechnical Pre-Design Investigation Work 

Plan (Mactec, October 2009) and subsequent correspondence with the NYSDEC.   

 

The intent of the PDI, which consisted primarily of a geotechnical investigation, was to 

explore the subsurface conditions along the proposed alignment of the vertical barrier.  

The assumed alignment at the time of the investigation included the southern, eastern, 

and northern boundaries of Area A; the results of the investigation and supplemental 

evaluation were used to identify the extent of the barrier along the north and south Area 

A site boundaries.  The pre-design investigation was comprised of the following: 

 

 visual site inspections; 

 subsurface geophysical survey; 

 geotechnical soil boring investigation; 

 test pit explorations; 

 local borrow source search (for application of SB slurry wall backfill, if 
appropriate); and 

 geotechnical laboratory testing. 

 

3.1 GEOPHYSICAL SURVEY 

A subsurface geophysical survey, which utilized ground penetrating radar (GPR), 

metal detector, and radio detection cable and utility locator, was conducted between 

November 3 and 5, 2009 and on December 8, 2009 by Northeast Geophysical Services 

(NGS) of Bangor, Maine.  The primary intent of the survey was to: 
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1) Identify shallow subsurface utilities and obstructions in the immediate vicinity 
of any geotechnical subsurface investigation (i.e., soil boring or test pit) to 
mitigate penetration of and damage to a utility (i.e., utility clearance); 

2) provide a geophysical survey along the proposed alignment of the vertical 
barrier to identify shallow subsurface utilities and obstructions that might 
impact design or construction of the barrier; and 

3) provide a subsurface survey of the foundation of the former Building 45 
(Intake Structure), located on  Drawings C-101 and C-102, that is believed to 
have been a river water intake structure and crosses the proposed barrier 
alignment. 

 

NGS also performed, as a supplemental task, a GPR survey along the alignment of a 

proposed groundwater discharge pipeline for the Area A groundwater extraction 

system along the western limit of Area A.   

 

As a result of the geophysical survey, several boring locations were adjusted in the 

field to avoid the potential of disturbing utility lines.  A copy of the complete 

geophysical survey report is presented in Appendix B. 

 

3.2 GEOTECHNICAL SOIL BORINGS 

Subsurface conditions along the alignment of the proposed vertical barrier were explored 

by drilling 17 soil borings at the locations shown on Drawing C-102.  The borings were 

assigned identification numbers SB-A1 through SB-A17.  The intent of the geotechnical 

soil borings was to investigate the subsurface stratigraphy and verify the presence and 

depth of the glaciolacustrine clay stratum at each location.  The borings were drilled by 

SJB Services, Inc., of Buffalo, New York between October 26, 2009 and November 13, 

2009.  Several of the borings encountered construction debris and abandoned 

foundations, and were redrilled as necessary to achieve the planned depths.  The 

geotechnical soil borings were advanced a minimum of 5 to 10 feet into the 

glaciolacustrine clay using 3.25-inch inside diameter hollow stem augers.  Even 

numbered borings were extended a minimum of 5 feet below any observed sand seam or 

parting within the clay stratum, while odd numbered borings were advanced a 

minimum of 10 feet below the deepest observed sand seam or parting.  Standard 
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Penetration Test (SPT) sampling was conducted at 5-foot intervals within the fill and 

alluvium deposits and continuously within the glaciolacustrine clay stratum at each 

boring.  In addition to the SPT sampling, undisturbed thin-walled Shelby tube samples 

were collected and field vane shear tests were conducted within the clay stratum.  A 

summary of the encountered conditions is provided in Section 4.0.  Logs of the borings, 

which present detailed descriptions of the conditions encountered and the drilling 

methods used, are presented in Appendix C. 

 

3.3 TEST PITS 

Shallow test pits were excavated at selected locations at Area A along the general 

alignment of the proposed vertical barrier.  The locations of the test pits are presented 

in Drawing C-102.  The intent of the test pits was to investigate: 

 

 Abandoned subsurface (or buried) concrete foundations and floor slabs; 

 the composition of demolition debris within the fill; and 

 the river-water intake structure at former Building No. 45. 

 

Nine test pits, numbered TP-03 through TP-10 (including TP-05A and TP-05B) were 

excavated on January 6, 2010 by SBD under the direction of a Mactec engineer.  A 

John Deere 450 track-mounted excavator was used to excavate the test pits.  A 

supplemental test pit investigation, which included a tenth test pit (TP-101), was 

conducted on March 1, 2010 to further investigate the west side of the Intake 

Structure (former Building No. 45).  Test pit locations were selected based on the 

review of available drawings that showed the locations of former buildings and 

assumed abandoned foundations.  Excavation depths varied but did not exceed 12 feet 

bgs.  Test pits were backfilled with the excavation cuttings.  Logs of the test pits, 

which present detailed descriptions of the conditions encountered, are presented in 

Appendix D. 
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3.4 BORROW SOURCE SEARCH 

Bulk samples from local soil and aggregate borrow suppliers were obtained and 

delivered to a selected geotechnical testing laboratory (GeoTesting Express of 

Boxborough, Massachusetts) for initial index testing.  The bulk samples were retained 

for potential SB slurry wall backfill mix design testing; use of that material was 

dependent upon whether an SB slurry wall was selected as a preferred vertical barrier 

alternative.  Three local borrow suppliers (Gernatt Asphalt Products, Inc. of Collins and 

Springville, New York, and Buffalo Crushed Stone Inc. of Williamsville, New York) were 

visited on January 7, 2010, and each supplier provided bulk samples of sand and gravel 

with lesser quantity of fines.  Each supplier provided bulk representative samples of 

bank run sand and gravel for index testing.  Results of grain size analysis are presented 

in Table E1 of Appendix E.  Individual laboratory data results are also presented in 

Appendix E. 

 

3.5 GEOTECHNICAL LABORATORY TESTING 

Laboratory testing focused on characterizing the glaciolacustrine clay aquitard that the 

vertical barrier would be keyed into to provide bottom/side containment along the 

barrier alignment.  Testing included lab vane shear (American Society for Testing 

Materials [ASTM] D-2973), Atterberg limit determinations (ASTM D-4318), grain size 

distribution analyses (ASTM D-422), moisture content determinations (ASTM D-2216), 

and hydraulic conductivity testing (ASTM D-5084).  In addition, grain size distribution 

analyses (ASTM D-422) were conducted on representative samples from granular 

borrow of each borrow source discussed in Subsection 3.4.  A complete summary of 

laboratory results is presented in Table E2 of Appendix E.  Individual laboratory data 

results are also presented in Appendix E. 
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4.0 PRE-DESIGN INVESTIGATION RESULTS 

A summary of the predesign investigation results is presented in the followings 

subsections. 

 

4.1 SUBSURFACE CONDITIONS 

Subsurface conditions from the ground surface downward along the vertical barrier 

alignment at Area A generally consisted of sand and debris fill, sand, silt and clay 

alluvium, and glaciolacustrine clay.  The borings were terminated approximately 5 to 

10 feet into the glaciolacustrine clay.  Each stratum appeared to be continuous across 

the site.  An interpretive subsurface profile, developed from the available subsurface 

information, and located along the vertical barrier alignment, is presented on 

Drawing C-201 in Appendix A.  The profile was developed based on widely spaced 

explorations, and actual conditions may vary from those shown.  A description of each 

soil stratum encountered is summarized in the following subsections.  In addition, 

discussions on encountered abandoned foundations and debris are provided. 

 

4.1.1 Fill (sand, gravel and debris) 

A surficial layer of brown to black fine to coarse sand with lesser amounts of silt, 

gravel and cobbles, interpreted as fill, was encountered at the ground surface in each 

exploration.  The fill contained considerable quantities of construction debris (brick, 

concrete, steel, wood) at numerous locations.  The fill appeared to be a combination of 

site fill that had been imported for construction of the plant, as well as, debris fill that 

had been placed in the footprint of the basements and below grade levels of the former 

structures.  In this case, the debris fill was likely the actual demolition debris that 

resulted from demolition of the various structures.  Fill thickness along the vertical 

barrier alignment ranged between 10 and 21 feet.  SPT N-values in the fill ranged 

from 2 to 24 blows per foot (bpf), which indicated that the fill was very loose to 

medium dense.  The fill contained occasional black staining that exhibited petroleum 

odor.   
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4.1.2 Alluvium (sand, silt and clay) 

A stratified gray to black fine and fine to coarse sand with lesser amounts of silt and 

gravel, with occasional wood fragments, was encountered below the fill in each boring 

at depths ranging from 10 to 21 feet bgs along the barrier alignment.  These strata 

also contained occasional gray silt and clay layers.  This stratified unit was 

interpreted to be alluvium, and ranged between 12 and 23 feet in thickness.  SPT N-

values in the sand and gravel alluvium ranged from weight of hammer (WOH) to over 

50 bpf, and indicated that this stratum was very loose to very dense; the higher N-

values were observed to have high gravel content, and the elevated N-values may 

have been influenced by encountering oversize particles.  SPT N-values in the silt and 

clay alluvium generally ranged from WOH to 7 bpf, and indicated that this stratum 

was very soft to firm.  The alluvium contained occasional black staining that exhibited 

petroleum odor.   

 

4.1.3 Glaciolacustrine (clay) 

A dark gray clay layer, with occasional thin fine sand partings (varved), was 

encountered below the alluvium in each PDI boring advanced on Area A at depths 

ranging from 28 to 35 feet bgs.  The varved structure was most prominent in the 

upper part of this stratum, and the fine sand partings became less prominent with 

increased depth.  This stratum was interpreted to be glaciolacustrine in origin.  The 

clay was not fully penetrated during the PDI and therefore the thickness of the unit 

was not determined at the 2009 boring locations.  SPT N-values in the 

glaciolacustrine clay ranged from WOH to 4 bpf (localized high of 12 bpf at the top of 

the stratum), and indicated that this stratum was very soft to soft.  Laboratory vane 

shear tests performed on undisturbed thin-walled (Shelby tube) samples ranged 

between 620 and 920 pounds per square foot (psf), and field vane shear test results 

ranged between 600 and 1,360 psf; the vane shear tests indicated the consistency of 

the clay was firm to stiff.  Atterberg limit determinations performed on representative 

samples of the clay indicated a plastic limit ranging between 17 to 23 percent, and 

liquid limit between 32 and 58 percent.  The clay’s plasticity index ranged from 13 to 
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35 percent.  The natural moisture contents of tested samples ranged between 32 and 

49 percent, and were generally at or slightly above the liquid limit.  Grain size 

distribution analyses performed on representative samples indicated that the 

material contained about 65 to 75 percent clay size particles.  Hydraulic conductivity 

tests performed on undisturbed Shelby tube samples under confining pressures 

similar to those anticipated in the field yielded vertical hydraulic conductivities 

ranging between 1.1 x 10-7 and 2.3 x 10-8 centimeters per second (cm/sec).  The upper 

limits of the clay contained occasional black staining that exhibited petroleum odor.   

 

4.1.4 Groundwater 

Groundwater levels were observed in open boreholes and test pits, where possible.  

Water levels measured during this investigation are presented on the boring and test 

pit logs in Appendices C and D, and are representative of the Shallow Aquifer.  The 

observed levels ranged between 10 and 14 feet bgs, and were found to be generally 

consistent with levels observed in Area A monitoring wells and piezometers.  

Groundwater levels are subject to variation due to seasonal weather patterns and 

snow melt, and may vary from those observed during the investigation.  On the 

eastern portion of the Area A site, shallow groundwater levels are influenced by the 

Buffalo River and by the continuous pumping of the five Area A groundwater 

extraction wells (EW-1 through EW-5). 

 

4.2 ABANDONED FOUNDATIONS AND UTILITIES 

Significant demolition of former building and other structures has occurred at Area A 

over the history of the BCC operations.  The footprints of numerous former structures, 

based on historic BCC records, are shown on Drawings C-101 and C-102 in Appendix 

A.  Site observations and explorations revealed that the majority of the foundations 

and below grade slabs (i.e., basement and or floor slabs) were abandoned in place.  

Construction debris (typically concrete, brick, steel and wood) from the former 

buildings appeared to be used to backfill former building foundations.  The PDI did 

not investigate all former foundation walls or structures, but did characterize the 
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general type and quantity of foundations and slabs that might be encountered during 

construction of the vertical barrier.  

 

The most significant of the abandoned foundations appears to be related former 

Building No. 45 located 400 feet south of the northeast corner of Area A along the 

Buffalo River.  Available information indicates that this structure was utilized as an 

intake structure to obtain water from the Buffalo River for plant operations and/or a 

former power plant.  Site observations combined with test pit excavations revealed 

that this structure is approximately 50 feet wide and is supported by 3-foot wide by 

approximately 14-foot high reinforced concrete retaining structure/foundation walls on 

three sides.  The walls/foundations appear to be supported by wood pilings of unknown 

length, which are likely supported in the basal till or underlying bedrock; evidence of 

wood pilings exist at low water where the bottom of the concrete and top of pilings 

become exposed.  This intake structure extends in a northwest direction (away from the 

river) a distance of approximately 60 feet.  The structure appears to contain a 4-foot high 

by 50-foot wide open slot/aqueduct that appeared to allow water flow from the river into 

the former plant.  The intake slot appears to terminate at a 3-foot thick concrete wall 

about 20 feet east of existing Building No. 54.  It is believed that water was extracted 

from the slot/aqueduct via a pump system that was mounted on a concrete slab 9 feet 

below grade (now abandoned and buried); the water was likely conveyed through a 24-

inch diameter pipe, towards the west through the 3-foot thick concrete foundation wall, 

and downward into a 24-inch diameter buried distribution pipe (approximately 8 feet 

below grade and oriented in a north-south direction).  Details are provided on logs for 

test pits TP-05A, TP-06 and TP-101 (Appendix D). 

 

Several abandoned foundations and/or floor slabs from former Building Nos. 1, 40, 42, 

43, 44, 45, 46, and 58 were encountered during the test pit and drilling investigation.  

Abandoned concrete foundations from former buildings that had been demolished 

were prevalent along the river.  It appeared that the backfill used to fill in the 

foundations and basements was in large part brick and concrete from the demolished 

buildings themselves. 
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Two significant deep foundation walls (estimated to be 14 feet deep based on 

observations of similar walls for former Building No. 45) were abandoned in place at 

former Building No. 46.  These walls, both approximately 3 feet thick, consist of a 

waterfront retaining wall (with riprap covered slope at its base) and a second wall 

located 25 to 30 feet northwest of the waterfront retaining wall.  Test pit TP-04 

encountered and sheared a steel rod that was interpreted to be a tie-back rod 

connecting the two walls, likely used to stabilize the waterfront retaining wall (i.e., 

the western-most wall likely acts in part as a deadman for the waterfront wall); 

observations of the waterfront retaining wall shows that six steel tieback rods may 

exist.  No evidence of tiebacks exists on the waterfront retaining walls at former 

building No. 45 and near building 75. 

 

Site storm water is presently collected via a series of catch basins and underground 

pipes that convey the water to the Buffalo River via a concrete outfall pipe (BCC Outfall 

006).  The locations of the known storm sewer pipes and the river outfall are depicted on 

Drawings C-101 and C-102 in Appendix A.  Depending on SBD’s requirements for 

future management of site storm water, it is our understanding that the existing storm 

sewer system and outfall will either be rehabilitated and reused or replaced with a new 

system and outfall.  The final vertical barrier design will specify the outfall and method 

of sealing the vertical barrier around the outside of the pipe to maintain the vertical 

barrier integrity. 

 

Numerous other active and abandoned utilities exist near the proposed vertical 

barrier across Area A.  These include City of Buffalo water lines, lake water lines 

associated with the Buffalo River Improvement Corporation system, fire water lines, 

and other utilities.  All known utilities are shown on Drawings C-101 and C-102 in 

Appendix A.  Consideration of these utilities must be made in the design and 

construction of the vertical barrier. 
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4.3 BUILDING NO. 75 

Area A contains an existing one-story block building, designated Building No. 75, near 

the northeast corner of the site.  At the time of development of the PDI Work Plan, it 

was assumed that this building would be demolished prior to design and construction of 

the vertical barrier.  It was, at that time, assumed the barrier could be constructed 

within the footprint of the northern portion of that building.  Subsequent to performance 

of the PDI, SBD has advised Mactec that Building No. 75 would not be demolished, and 

that it would be maintained in its current condition until, and after completion of, 

remedial measures at Area A.  Accordingly, the evaluation and final design of the 

vertical barrier, including alignment and barrier type, must consider the existence and 

maintenance of Building No. 75.   
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5.0 GROUNDWATER MODELING 

 

Mactec performed steady-state groundwater modeling to assist with the evaluation of 

the type and characteristics of the vertical barrier.  This modeling was also used to 

provide an indication of the flow rates required to maintain control of the Area A 

groundwater within the influence of the proposed vertical barrier wall.  The draft 

results of the groundwater modeling effort are summarized in the following 

subsections; the draft model summary is presented in its entirety in Appendix F. 

 

5.1 GROUNDWATER MODEL PARAMETERS 

Using data from previous modeling reports (Parsons, 1999; Golder, 2000; and Mactec, 

2005), along with subsurface soil information developed from the PDI, an updated 

hydraulic model of the Shallow (alluvial) Aquifer was developed.  This model included 

application of conservative hydraulic conductivity values for the alluvial and fill 

strata and used the glaciolacustrine clay as a lower impermeable boundary layer.  The 

model was developed using the USGS code MODFLOW and was run under the 

groundwater modeling pre- and post-processor platform Groundwater Vistas.  

Uncertainty in aquifer hydraulic parameters was accounted for by conducting a 

sensitivity analysis on these parameters. 

 

The model was run utilizing the following conditions and parameter variations: 

 

 Increase and decrease the estimated alluvial aquifer hydraulic conductivity, K, 
by 50 percent; 

 Vary recharge by minus 20 percent  and plus 60 percent; 

 Varying the effective vertical barrier K to between 1 x 10-4 cm/sec and 1 x 10-6 
cm/sec; and 

 Increase and decrease the river stage from its normal elevation by 2.5 feet. 
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The model was run to allow selection of vertical barrier characteristics (i.e., hydraulic 

conductivity) and extent of alignment length along the north and south Area A site 

boundaries.  The general goal of the model, from a barrier design perspective, was to 

estimate required groundwater extraction rates to maintain a minimum of 6 inches of 

inward head differential across the barrier, as well as maintain inward flow at the 

north and south boundary limits toward the extraction wells.  The model was run 

simulating conditions where some or all of the extraction wells were in operation. 

 

5.2 GROUNDWATER MODELING RESULTS/CONCLUSIONS 

The results of the steady-state groundwater modeling at Area A suggest the following 

features should be considered in design of the vertical barrier: 

 

 An equivalent of 3-foot thick vertical barrier with a hydraulic conductivity of 1 
x 10-6 cm/sec or less. 

 Extensions (wings) of the vertical barrier, 100 feet in the westerly direction on 
the north and south site boundaries, appear sufficient to prevent flow around 
the end of the barrier to the river. 

 Adequate capture of the contaminated groundwater could be achieved with a 
small (0.5-foot or less) inward head differential across the barrier by pumping 
extraction wells EW-2 and EW-4 using a pumping rate of 9 gpm. 

 To maintain an average 0.5- to 1-foot head across the barrier, pumping may be 
required by all extraction wells at a combined rate of from 14 to 19 gpm. 

 Observed and interpreted water level measurements in Area A during future 
operations with the barrier wall in place will be used to refine and adjust 
pumping rates to maintain capture under varying hydraulic conditions. 
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6.0 VERTICAL BARRIER ASSESSMENT AND 30 PERCENT VERTICAL 

BARRIER DESIGN CRITERIA 

 

The objective of the proposed vertical barrier, as discussed in Subsection 1.2, is to 

prevent migration of contaminated groundwater from Area A to the Buffalo River.  The 

evaluation of vertical barrier alternatives and identification of the preferred approach 

are summarized in the following subsections. 

 

6.1 VERTICAL HYDRAULIC BARRIER ALTERNATIVES 

A summary of vertical hydraulic barrier alternatives are discussed in the following 

subsections. 

 

6.1.1 General 

Four potential vertical barrier options have been considered, both as stand-alone 

options, or in combination: 

 

 SB slurry wall 

 CB slurry wall 

 grouted steel sheet pile wall 

 jet grouted wall 

 

The barrier would be keyed into the glaciolacustrine clay layer, which acts as an 

aquitard separating the Shallow Aquifer from the Confined Aquifer below the 

glaciolacustrine clay layer. 

 

Selection of the type and horizontal extent/alignment of the vertical barrier 

considered: 
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 required engineering characteristics of the completed barrier; 

 compatibility of the completed barrier with the design requirements of the 
groundwater extraction system; 

 constructability; and  

 relative cost of each vertical barrier alternative (detailed cost estimates were 
not performed at this stage of the project).   

 

Area A contains five active extraction wells, EW-1 through EW-5, for extraction of 

groundwater.  Extracted groundwater from these wells is pumped to the GWTF, a 

portion of the influent is treated via carbon filtration as necessary to meet BSA 

discharge limits, and the total effluent from the system is discharged to the BSA sewer 

system; an average total of approximately 10 gpm is pumped from the five extraction 

wells without a vertical barrier in place.  The results of the groundwater modeling were 

used to establish vertical barrier design criteria and maintain a pumping rate similar 

the current rate, provide a minimum of 6 inches of inward head differential across the 

barrier from the Buffalo River, and to maintain inward flow at the north and south 

Area A site boundary limits toward the extraction wells.  Based on these criteria (as 

noted in Subsection 5.2), assuming a 3-foot thick barrier, the model identified the 

following barrier design characteristics: 

 

 Hydraulic conductivity of the completed barrier of 1 x 10-6 cm/sec; and 

 Extend the barrier alignment 100 feet west of the northeast and southeast 
corners of the Area A site along the north and south limits of the site. 

 

In addition, the following additional design criteria have been established: 

 

 3-foot deep (minimum) key of the barrier into the glaciolacustrine clay to 
provide hydraulic containment at the bottom of the barrier. 

 Minimum design life of 30 years (design life will be established and evaluated 
in greater detail in subsequent design submissions). 
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The type and alignment of the selected vertical barrier depend considerably upon 

constructability of the barrier.  Significant numbers of abandoned foundations and 

building footprints filled with demolition debris exist on site.  Most significantly, large 

and deep (estimated to extend to 14 feet bgs) abandoned foundations exist at former 

Buildings No. 44, 45, 46, and possibly at former Buildings No. 42 and 43.  In addition, 

tieback anchors supporting the waterfront retaining wall at former Building No. 46 

and the intake structure at former Building No. 45 must be considered.  Further, the 

site contains many shallow abandoned foundation walls and buried basement slabs at 

numerous other locations, and many of the former building basement footprints 

contain building demolition debris.  Each of these items complicates the alignment 

and construction of the barrier.  Pre-trenching along the entire alignment of the 

vertical barrier would require excavating and removing all obstructions to a depth of 

up to approximately 14 to 15 feet bgs.   

 

6.1.2 Soil Bentonite and Cement Bentonite Slurry Walls 

In general, the simplest, cheapest, and fastest installation of the barrier types 

considered consists of a SB slurry wall and CB slurry wall.  Both types of slurry walls 

are relatively straightforward to construct when significant obstructions do not exist.  

As discussed previously, however, obstructions and debris exist.   

 

A SB slurry wall would be excavated using bentonite-water slurry exhibiting an 

initial unit weight of approximately 63 pounds per cubic foot (pcf) to provide a stable 

trench; the slurry unit weight generally increases with increased suspension of 

excavated material (up to 90 pcf or greater).  The final backfill (typically a mixture of 

sand, silt, clay and bentonite) placed after excavation of the trench, with the slurry 

being displaced by the backfill.  In this case, because a significant portion of the 

overburden soils are either debris laden or may be contaminated, the backfill for a SB 

slurry wall would likely consist of imported materials mixed remotely.  SB slurry wall 

backfill can be designed and constructed to provide a barrier with a hydraulic 

conductivity as low as 1 x 10-7 cm/sec, which exceeds the modeling requirements.   
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A CB slurry wall would be excavated using cement-bentonite-water slurry (cement-

bentontite slurry) exhibiting an initial unit weight of approximately 70 pcf or more  to 

provide a stable trench; in this case the CB slurry hardens/sets and becomes the final 

backfill.  A typical CB backfill would have a hydraulic conductivity on the order of 1 x 

10-6 cm/sec, which is consistent with the modeling requirements.   

 

Both slurry wall options would require disposal of slurry trench cuttings.  Installation 

of either barrier would require pre-trenching and removal of obstructions along the 

alignment.  The cost of a SB or CB slurry wall, not including removal and disposal of 

debris or obstructions, backfill of the pre-trench, or disposal of slurry wall cuttings 

would be approximately $13 per square foot of vertical barrier.  The final typical 

thickness for SB or CB slurry walls range between 2.5 and 3 feet. 

   

6.1.3 Sheet Pile Wall 

A sheet pile, or grouted sheet pile wall, is also generally straightforward to install 

provided significant obstructions do not exist.  As with the slurry walls, installation of 

this barrier type would require pre-trenching and removal of obstructions along its 

alignment, as the sheet would not easily penetrate debris and would not penetrate 

abandoned foundations.  Further, wood pilings below the more massive foundations 

would significantly complicate installation.  This type of barrier can require more 

time to install, and is much more expensive as compared to slurry walls (up to 

approximately $45 per square foot of vertical barrier, not including removal of debris 

or obstructions and backfilling of the pre-trench).  The width would be the thickness 

of the sheet, which is typically on the order of 3/8-inch.  Hydraulic conductivities of 1 x 

10-6 to 1 x 10-7 cm/sec can be achieved when the sheet joints are sealed to mitigate 

water leakage. 
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6.1.4 Jet Grout Wall 

Jet grouting consists of high pressure injection of a cementicious grout or slurry into a 

soil stratum to hydraulically mix the in situ material with grout.  The resulting 

amended soil material is often called "soil-crete".  Three primary types of jet grout 

barriers:  single panel, double panel, and column.  The most common technique used 

in jet grouting involves the insertion of the jet grout pipe to the design depth for the 

bottom of the soil-crete column.  The jetting pipe is pressurized with grout slurry 

made typically of Portland cement and water, although the grout can often contain 

bentonite and occasionally slag.  The high pressure (4,000 to 6,000 psi typically) forces 

the grout out laterally through ports located in the sides of the pipe, near the bottom.  

The slurry exits the jet port at very high velocity, impinges on the soil, penetrating it 

several inches to feet away from the jets.   

 

Depending upon the type of barrier and design needs (single panel, double panel, or 

column), the means of formation of the barrier vary.  For single and double panel 

barriers, the jets destroy soft soil formations, and intimately and uniformly mix the 

native soil with cement grout.  The pipe is drawn slowly upward at a carefully 

controlled rate so that the jets create a continuous 4 to 12 inch panel of treated soil.  

By drilling and grouting a panel at an adjacent borehole, the panels of the adjacent 

hole overlap/intersect, creating a continuous barrier.  For a column barrier 

arrangement, the jet pipes are slowly rotated as the grout is injected and the pipe is 

drawn slowly upward to create a nearly cylindrical column of treated soil (the size of 

the column that can be achieved is dependent upon the soil type and 

density/consistency)   

 

Aggregate hydraulic conductivities of the backfill of 1 x 10-6 to 1 x 10-7 cm/sec can be 

achieved, and the thickness of the barrier would be adjusted, along with the design 

grout hydraulic conductivity to meet design needs.  This type of barrier can require 

more time to install, and can be similar in cost to sheeting (approximately $25 to $30 

per square foot of vertical barrier, not including removal of debris and pre-trenching).  

However, this methodology has greater ability to deal with the abandoned 
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foundations, as the foundations would not require removal.  Pre-trenching in the 

upper 14 to 15 feet to remove construction debris would be considered to provide a 

better matrix of soil to mix with the grout (as compared with mass concrete debris). 

 

6.2 PREFERRED VERTICAL HYDRAULIC BARRIER ALTERNATIVE AND 

ALIGNMENT  

Based on the findings of the groundwater modeling, given the existence of the 

abandoned foundations and debris, and former railroad embankment (south end) it is 

proposed that the vertical barrier consist of a combination of CB slurry wall and jet 

grout barrier.  In areas where the foundations can be reasonably removed by pre-

trenching a CB slurry wall is proposed, as this type of barrier better matches the 

design hydraulic conductivity of the barrier (1 x 10-6 cm/sec) and provides an increase 

in slurry density to provide more stable trench sideslopes in areas with increased 

surcharge loads (former railroad embankment).  Further, it is a simpler process as 

compared to an SB slurry wall because the slurry that is used to stabilize the trench 

under excavation is the final backfill (no backfill replacement is needed).  The jet 

grout barrier is proposed because it can provide a low permeability barrier around 

existing massive foundations that cannot be reasonably demolished and removed (the 

other three alternatives cannot). 

 

The proposed vertical barrier alignment is presented in Drawing C-102 in Appendix 

A.  The barrier would extend the entire length of the east boundary of Area A along 

the Buffalo River, and extend 100 feet towards the west along the north and south 

boundaries.  The barrier would extend through the fill and alluvium, and key a 

minimum of 3 feet into the underlying glaciolacustrine clay.  The effective width of 

the barrier would be 3 feet minimum, with a hydraulic conductivity of 1 x 10-6 cm/sec.  

The resulting barrier would be 972 feet long and be approximately 32 to 36 feet deep.  

An interpretive subsurface profile along the vertical barrier alignment is presented on 

Drawing C-201 in Appendix A.  The top of the barrier for the CB slurry wall section 

would be ground surface.  The top of the jet grout portion of the barrier would be 

slightly below ground surface to ensure containment and maintenance of the jet grout 
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pressures during installation, and would likely be 4 to 5 feet below grade; the actual 

top of the jet grout barrier will be established during the 60 percent design phase. 

 

The anticipated alignment of the vertical hydraulic barrier is shown on Drawing C-

102; locations for the discrete CB slurry wall and jet grout barrier are shown on 

Drawing C-201.  The CB slurry wall portion of the barrier would extend from Station 

100+00 to approximately 104+00 and Stations 107+37 to 109+00 (total length of 

approximately 563 feet) as foundations in this area of the site appear manageable 

from a demolition and pre-trenching standpoint.  The jet grout wall would extend 

from approximately Station 104+00 to 107+37 and Station 109+00 to 109+72 (total 

length of approximately 409 feet); the geometry (columns or single/double panels) of 

the jet grout barrier will be established during the 60 percent design.  Abandoned 

foundations, debris and abandoned utilities would be removed by pre-trenching along 

the CB slurry wall alignment, and construction debris and abandoned utilities would 

be removed by pre-trenching along the jet grout wall alignment.  The more massive 

and deep foundations would remain in place, and the jet grout barrier would be 

constructed around those foundations.  In order to provide better seals around 

existing foundations, tighter spacings or other modifications to the barrier (column 

versus panels) may be performed.  Soil and debris removed during pre-trenching 

would require testing and management in accordance with the Interim Site 

Management Plan (Mactec, 2009), and the trench would be backfilled and compacted 

with clean suitable borrow soil.  Pre-trenching would not extend below the 

groundwater table, if possible.  If perched groundwater is encountered within the pre-

trenching depth, it will be pre-treated on site and discharged to the BSA system in 

accordance with a BSA temporary discharge permit (similar to the approach used for 

the remedial excavation work completed on Areas C and E). 

 

The preferred alignment was developed to allow the wall to be located west of the tie-

back anchor bolts that appear to stabilize the former Building No. 46 waterfront 

retaining wall.  Construction between the two walls at the structure would likely 

require stabilization of that retaining wall.  The selected alignment also avoids 
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penetrating the water intake structure at former building No. 45.  Construction of the 

vertical barrier through this structure (south of its shown location/alignment) would 

require the task of drilling and grouting through a buried slab and slot/aqueduct that 

is open to the river.  In addition, an increased risk of grout migration to the river 

would exist.  The alignment of the vertical barrier is proposed to extend between 

Building No. 75 and the abutment of the South Park Avenue bridge.  Foundations for 

these two structures are under investigation, and because the foundation systems 

have not been fully defined at this point in time, and because space is limited as it 

relates to excavation equipment that would be used for a slurry wall, a jet grout 

barrier is planned in this area. 

 

The alignment as shown also indicates that extraction well EW-3 will require 

replacement to the west side of the vertical barrier.  Further, a 100-foot long section of 

the groundwater extraction pipeline located immediately west of former Building Nos. 

45 and 46 may require removal and replacement.  As the design process continues, 

Mactec will evaluate whether an adjustment of the vertical barrier alignment to 

preserve extraction well EW-3 and associated piping is feasible.  Further, adjustments 

in the barrier type (CB slurry wall or jet grout) along the alignment may be made as 

design progresses to account for subsurface obstructions and available working space. 

 

6.3 BACKFILL MIX DESIGN 

A two phase laboratory program has been implemented to establish CB and jet grout 

backfill design.  The CB backfill generally consists of bentonite, cement and water, 

while the jet grout consists of cement and water (and possibly bentonite) with small 

percentages of site soils.  The phased laboratory program is in progress and is being 

performed concurrent with the barrier design.  Phase 1 consists of laboratory index 

and hydraulic conductivity testing of CB backfill and jet grout and bentonite water 

slurry using bentonite (supplied by several suppliers) and Type I Portland cement.  

The testing will establish potential mix designs for CB backfill and jet grout.   
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A Phase 2 laboratory program follows the Phase 1 program, and includes testing to 

evaluate the long-term compatibility of the backfill with the contaminated site 

groundwater.  This testing program includes laboratory hydraulic conductivity testing 

of selected backfill CB specimens by permeating them with the site groundwater (up 

to three samples) to determine the affect of the groundwater chemistry on the 

hydraulic conductivity of the barrier, and permeation of one sample with deionized 

water for control purposes.  The testing will simulate the performance of the backfill 

over the intended design life of the barrier.  The results of the laboratory testing will 

be used to confirm selection of the vertical barrier materials, and will be documented 

in subsequent design submittals.  

 

6.4 AREA A RIVER BANK 

In accordance with Subsection 9.2.1.2 of the AAR, SBD evaluated the feasibility of 

“restoration of the river bank to a natural vegetative state”.  An evaluation of 

alternatives for “softening” of the Area A river bank is currently ongoing.  Existing 

conditions of the river bank include:  a marine mattress system located along the 

downstream end of the bank (constructed as an interim corrective measure in 2006); 

two segments that consist of vertical concrete walls; a concrete intake structure that 

was previously used by BCC to obtain river water for plant operations; an earthen 

sloped section with surficial stone erosion protection and a concrete retaining wall 

near the top of the slope; and an earthen sloped segment with stone slab erosion 

protection.  These segments of river bank have been evaluated independently to 

identify softening alternatives.  As part of this evaluation, two other consultants with 

expertise in river bank softening (ENVIRON and Anchor QEA) provided input on 

feasible softening alternatives.  The evaluation process considered the beneficial reuse 

plans for the site currently proposed by SBD and the Western New York Railway 

Historical Society (a possible future tenant/occupant of the property) and the potential 

impact on the vertical hydraulic barrier and groundwater extraction system. 
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The results of the evaluation and design information for the preferred river bank 

softening approach will be included as part of future design submittals.  Elements of 

the evaluated alternatives include: 

 removal of existing concrete, steel, riprap, and nuisance/invasive vegetation 

 planting of riparian shrubs and trees 

 use of earth stabilization and erosion protection materials, as necessary, such 

as rock, concrete lunkers, geocells, or other materials  

 

The design basis presented herein for the Area A vertical barrier is based on the 

assumption that the current shoreline conditions will remain.  The selected 

alternative for riverbank softening may require slight modification of the vertical 

barrier alignment and will be addressed in future design submittals. 
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7.0 IMPLEMENTATION 

 

This section of the Report provides a brief description of key design and construction 

tasks/issues.  The current schedule has the remediation of Area A being completed 

and the issuance of a Certificate of Completion by the NYSDEC by the end of 2011.  

To meet this schedule, frequent communications between Mactec, SBD, Honeywell, 

and the NYSDEC will be required.  Design and construction activities will need to be 

sequenced and coordinated.  The following lists provide the starting point for this 

effort.  These lists can serve as guidelines and action item lists for the project team.  

 

7.1 DESIGN TASKS 

Design Tasks as design progresses: 

 

1. Evaluate, modify, and finalize the alignment and profile for the vertical 
barrier. 

2. Evaluate, modify, and finalize the barrier type along the alignment. 

3. Survey or measure the crest elevation and side slopes of the former railroad 
slope at the south side of the Area A site.  

4. Evaluate, modify, and finalize the type of vertical barrier along the alignment 
by station. 

5. Finalize potential backfill mix designs, and evaluate chemical compatibility of 
groundwater and backfill. 

6. Evaluate the foundation conditions of Building No. 75 and the South Avenue 
bridge abutment to allow finalization of the barrier type and details on the 
north side of Building No. 75. 

7. Design phase investigative test pitting between Building No. 75 and the South 
Avenue bridge abutment in an effort to confirm foundation conditions for those 
structures.  

8. Provide pre-trenching and foundation/slab demolition details. 

9. Identify construction phase site improvements for installation of the barrier. 

10. Evaluate the need for increased stabilization measures for the retaining wall 
along the river front (former Building No. 46) due to the rupture of one tie rod 
during test pitting. 
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11. Identify abandoned utilities that require removal prior to installation of the 
vertical barrier. 

12. Identify active utilities that require protection prior to and during installation 
of the vertical barrier. 

13. Provide slurry trench and jet grout barrier details. 

14. Identify the need and location of groundwater observation wells to confirm the 
performance of the vertical barrier. 

15. Specify Quality Assurance/Quality Control testing requirements and 
construction monitoring requirements. 

16. Evaluate whether the existence of the vertical barrier impacts the 
groundwater plume shape and locations, and whether chemistry changes and 
resulting GWTF modification are required. 

17. Evaluate and finalize the necessity of replacement of extraction well EW-3 and 
a section of the groundwater extraction pipeline located immediately west of 
former Building Nos. 45 and 46. 

18. Evaluate design and construction of the vertical barrier and storm drain 
discharge line contact at the crossing with the vertical barrier near Station 
102+75. 

19. Prepare a construction cost estimate. 

20. Conduct Construction Project Management Review. 

21. Prepare record drawings. 

22. Coordinate the peer review of the vertical barrier design submittals by an 
independent, third-party consultant (Mueser Rutledge Consulting Engineers of 
New York, New York). 

 

7.2 CONSTRUCTION TASKS 

Construction Tasks: 

1. Develop and implement a site-specific Health and Safety Plan that addresses 
applicable safety and health requirements for the vertical barrier construction 
work. 

2. Retain underground utility location firm before construction and obtain utility 
clearance. 

3. Further investigation during pre-trenching portion of construction around 
former Building No. 45 to better characterize the intake structure. 

4. Pre-trench and remove/demolish foundations/slabs along the barrier 
alignment. 

5. Construct site improvements for installation of the barrier. 
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6. Adjust specific location and alignment of CB slurry wall and jet grout based on 
pre-trenching operations. 

7. Furnish and install new extraction well EW-3 and transition piping to merge 
with groundwater extraction piping, if necessary. 

8. Remove existing, and furnish and install new groundwater extraction piping 
west of former Building Nos. 45 and 46, if necessary. 

9. Temporarily shut-down the storm drain discharge line at the crossing with the 
vertical barrier near Station 102+75 to allow barrier installation.  

10. Construct 535-foot long CB slurry wall portion of the barrier from Stations 
100+00 to 104+00 and Stations 107+37 to 109+00. 

11. Construct 437-foot long jet grout wall from Station 104+00 to 107+37 and 
Station 109+00 to 109+72. 

12. Manage, test, and dispose of excavated materials, excavation water, and 
project-related wastes in accordance with the requirements of the Interim Site 
Management Plan and applicable regulations. 

13. Restore site and construct site improvements as required. 
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8.0 PRELIMINARY LIST OF PLANS AND SPECIFICATIONS 

 

The following is a preliminary list of anticipated design drawings and specifications: 

 

Design Drawings 

G-001 Cover Sheet (United States Geological Survey Map for the Location Plan 

and Drawing Index) 

G-002  General Notes, Abbreviations, and Legend 

C-101  Existing Conditions Plan 

C-102  Vertical Hydraulic Barrier Site Plan 

C-103  Extraction Well and Piping Modifications (if needed) 

C-201  Vertical Hydraulic Barrier Profile 

C-301  Civil Sections and Details – Vertical Hydraulic Barrier  

C-302   Civil Sections and Details – Vertical Hydraulic Barrier 

C-303   Civil Sections and Details – Vertical Hydraulic Barrier 

C-304  Sections and Details – Extraction Well and Piping Details (if needed) 

C-305  Sections and Details – Extraction Well and Piping Details (if needed) 

 

Specifications 

Section 1 – General Requirements 

Section 01100  Summary of Work 

Section 01320  Construction Progress Documentation 

Section 01322  Photographic Documentation  

Section 01330  Submittal Procedures 
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Section 01420  References 

Section 01500  Temporary Facilities and Controls  

Section 01524  Construction Waste Management  

Section 01700  Execution Requirements  

Section 01770  Closeout Procedures 

Section 01781  Project Record Documents 

 

Section 2 – Site Construction 

Section 02221  Demolition 

Section 02230  Site Clearing 

Section 02240  Dewatering 

Section 02260  Excavation Support and Protection 

Section 02300  Earthwork 

Section 02350  Cement Bentonite Slurry Wall 

Section 02260  Jet Grouting 

Section 02375  Erosion and Sedimentation Control 

Section 02630  Storm Drainage 

Section 02650  Extraction Wells (if needed) 

Section 02660  Extraction Well Piping (if needed) 
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9.0 SCHEDULE AND FUTURE DESIGN SUBMITTALS 

 

A detailed schedule for design and construction of the Area A vertical barrier has been 

included in the project schedule for remediation of Areas A and B provided separately.  

As noted above, SBD intends to complete the design and construction of the vertical 

barrier during the 2011 calendar year, with the goal being to obtain a Certificate of 

Completion from the NYSDEC by the end of 2011. 

 

The current schedule for submittal of future vertical barrier design documents is as 

follows: 

 

 June 24, 2011 - 60 Percent Design, to include necessary progress specifications 
and design drawings;  

 July 15, 2011 - 90 Percent Design, to include proposed final versions of 
specifications and design drawings for the NYSDEC review ; and 

 August 5, 2011 - 100 Percent Design, which will be the NYSDEC-approved 
final design document and will include specification and drawings issued for 
construction. 

 

Any changes to the above schedule will be communicated to the NYSDEC as the 

design process continues. 
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10.0 PEER REVIEW 

 

A peer review has been provided by Mueser Rutledge Consulting Engineers (MRCE) 

on this Design Basis Report.  The results of that peer review were presented by letter 

dated March 11, 2011.  MCRE conclusions and recommendations concurred that a 

vertical hydraulic barrier (CB slurry wall and jet grout wall) used in conjunction with 

the existing extraction wells was a viable means of meeting the remedial design 

objectives, but several design and construction challenges existed.  MCRE provided 

several comments and recommendations, and this input was applied to this Basis of 

Design Report or will be addressed in the 60 percent or 90 percent design 

submissions. 
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11.0 LIST OF ACRONYMS 

 

2H:1V  2 horizontal to 1 vertical 
 
AAR  Alternatives Analysis Report 
ASTM  American Society for Testing Materials 
AST  above ground storage tank 
 
BCA  Brownfield Cleanup Agreement 
BCC  Buffalo Color Corporation 
BCP  New York Brownfield Cleanup Program 
bgs  below ground surface 
bpf  blows per foot  
BSA  Buffalo Sewer Authority 
 
CB  cement-bentonite 
cm/sec  centimeters per second  
 
EW  extraction well 
 
GPR  ground penetrating radar 
GWTF  groundwater treatment facility 
gpm  gallons per minute 
 
ICM  Interim Corrective Measure 
 
Mactec Mactec Engineering and Consulting Inc. 
MRCE  Mueser Rutledge Consulting Engineers 
 
NGS  Northeast Geophysical Services 
NYSDEC New York State Department of Environmental Conservation 
 
PDI  Pre-Design Investigation 
psf  pounds per square foot 
 
RCRA  the Resource Conservation and Recovery Act 
RFI  RCRA Facility Investigation 
RI  remedial investigation 
 
SB  soil-bentonite 
SBD  South Buffalo Development, LLC 
SPT  Standard Penetration Test 
 
WOH  weight of hammer 
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SITE DRAWINGS 
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GEOPHYSICAL SURVEY REPORT  

































 

 

 

 

 

 

 

 

APPENDIX C 

 

2009 GEOTECHNICAL SOIL BORING LOGS  
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2010 TEST PIT LOGS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





Test Pit 3

rsegan
Text Box
Test Pit 3 looking south, concrete footing on east side of pit, 3.5' thick

rsegan
Text Box
Test Pit 3, concrete slab at north west corner of pit, approximately 8" thick
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Test Pit 3

rsegan
Text Box
Test Pit 3 looking west standing at northeast corner, 8" thick concrete slab is shown
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Looking south, concrete footings on east and south edges of pit.
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Test Pit 4
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Text Box
Looking north, ICM-103 on east side of pit
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Text Box
Looking west, possible retaining wall tie back to foundation wall
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Test Pit 4

rsegan
Text Box
Looking west, concrete foundation wall along western edge of pit.  Potential retaining wall tie back in center of picture.
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Looking north 





Test Pit 5a

rsegan
Text Box
Looking south at southern wall of in-take structure, directly to the right of photo is the eastern bulkhead wall of the in-take structure.

rsegan
Text Box
Looking south at southern wall of the in-take structure.





Test Pit 5b
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Text Box
Looking south.  Pit is located just south of southern wall of the in-take structure.





Test Pit 6

rsegan
Text Box
Both photos are looking west at 24" capped line penetrating western foundation wall.  This line appears to be located in the  center (N-S) of the in-take structure.
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Test Pit 6

rsegan
Text Box
Looking north.  Brick backfill.
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Text Box
Looking north.  Concrete foundation walls at north and west sides of pit.
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Text Box
Looking south, concrete foundation wall at southern end of pit
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Excavated ash-like material                                                                     
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Test Pit 7



Test Pit 7
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Looking south
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Looking west





Test Pit 8

rsegan
Text Box
Looking North, concrete slab at surface under pavement in foreground, concrete foundation wall in center of pit running east-west.  Three walls were found at 5' on center.  Each wall was reinforced and 1' wide.
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Test Pit 9

rsegan
Text Box
Looking north.  Concrete wall 1.5' below surface running north-south.
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Looking south.  Wood timbers at surface along edge of pavement.
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Test Pit 9
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Text Box
Looking west, Boulders and bricks in pit.
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Text Box
Looking south.  Timbers at edge of pavement.  
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Test Pit 10

rsegan
Text Box
Looking south.  Building 75 is to the west of pit.





 

Test Pit 101 

 

Test Pit 101 looking southeast, 24‐inch pipe in foreground 

 

Looking east 



 

Test Pit 101 looking north 
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2009-2010 GEOTECHNICAL LABORATORY RESULTS 

 

 



South Bufffalo Development -Buffalo, NY
Basis of Desing Report-  Pre-Design Investigation
MACTEC Engineering and Consulting, Inc., Project 3410-09-0701

April 2011
Final Draft

Sample Source
Type

Description Symbol

Gravel Sand Silt and Clay
% % %

BCS 1 bucket Sandy Gravel with trace silt GW 57.6 40.9 1.5

BCS 2 bucket Sandy Gravel with few silt GW-GM 50.5 42.0 7.5

GC 1 bag Silty Sand with few gravel SW-SM 1.7 87.9 10.4

GC 2 bag Silty Sand with few gravel SP-SM 3.8 88.6 7.6

GC 3 bag Silty Sand with few gravel SP-SM 3.9 88.7 7.4

GC 4 bag Silty Sand with trace gravel SP-SM 1.2 91.4 7.4

GSV 1 bag Gravelly Sand with little silt SP-SM 39.7 49.0 11.3

GSV 2 bag Gravelly Sand with little silt SP-SM 39.5 49.2 11.3

GSV 3 bag Sandy Gravel with little silt GP-GM 51.7 38.3 10.0

GSV 4 bag Sandy Gravel with little silt GP-GM 46.4 42.9 10.7

BCS - Buffalo Crsuhed Stone Inc., Willamsville, NY
GC - Garnett Asphalt Products - Collins, NY Plant
GSV - Garnett Asphalt Products - Springville, NY Plant

D 2487 / D 2488
Sieve and Hydrometer

Table E1
South Buffalo Development - Geotechnical Pre-Design Investigation

Summary of Geotechnical Laboratory Testing Data

Sample Information Laboratory Testing Data
No. USCS
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South Bufffalo Development -Buffalo, NY
Basis of Desing Report-  Pre-Design Investigation
MACTEC Engineering and Consulting, Inc., Project 3410-09-0701

April 2011
Final Draft

Soil Boring
No. Type Depth Primary Water Permeability

Interval Stratum Content  D 5084
D 2216

Description Symbol
Liquid Plastic Plasticity

Gravel Sand Silt Clay Limits Limit Index
(ft bgs) (%) (cm/sec) % % % % LL Plastic PI

SB-A3 ST-9 tube 34-36 Lacustrine Clay clay CL 38.1 1.1E-07 0.0 0.5 35.6 63.9 36 17 19

SB-A4B ST-9 tube 34-36 Lacustrine Clay clay CL 48.9 0.0 0.4 23.5 76.1 58 23 35

SB-A5 ST-11 tube 35-37 Lacustrine Clay clay CL 41.1 0.0 0.4 31.0 68.6 39 17 22

SB-A7 ST-10 tube 36-38 Lacustrine Clay clay CL 32.6 2.3E-08 0.0 0.9 32.9 66.2 34 18 16

SB-A6B ST-9 tube 37-39 Lacustrine Clay clay CL 31.8 2.5E-08 0.0 1.2 38.8 65.0 32 17 15

SB-A8H ST-12 tube 40-42 Lacustrine Clay clay CL 34.2

SB-A9H ST-15 tube 43-45 Lacustrine Clay clay CL 32.2 4.8E-08 0.0 1.1 32.6 66.3 35 19 16

SB-A10G ST-12 tube 40-42 Lacustrine Clay clay CL 39.6 2.5E-08 0.0 0.6 26.9 72.5 41 21 20

SB-A11D ST-10 tube 37-39 Lacustrine Clay clay CL 35.1

Sieve and Hydrometer

USCS

Table E2

South Buffalo Development - Geotechnical Pre-Design Investigation

Summary of Geotechnical Laboratory Testing Data

Sample Information

D 2487 / D 2488

No.
Laboratory Testing Data

Atterberg
Limits
D 4318
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 DRAFT GROUNDWATER MODELING REPORT 

 

 




















































	Appendix C.pdf
	A-SB-A1
	B-SB-A2
	C-SB-A3
	D-SB-A4B
	E-SB-A5
	F-SB-A6B
	G-SB-A7
	H-SB-A8H
	I-SB-A9H
	J-SB-A10G
	K-SB-A11A
	L-SB-A11D
	M-SB-A12C
	N-SB-A13
	O-SB-A14
	P-SB-A15
	Q-SB-A16
	R-SB-A17

	Appendix D.pdf
	A1-TP03
	A2-Test Pit 3a
	A3-Test Pit 3c
	B1-TP04
	B2-Test pit 4a
	B3-Test Pit 4
	C1-TP5A
	C2-Test Pit 5a
	D1-TP5B
	D2-Test Pit 5b
	E1-TP06
	E2-Test Pit 6a
	E3-Test Pit 6
	F1-TP07
	F2-Test Pit7
	Untitled
	Untitled

	F3-Test pit 7a
	G1-TP08
	G2-Test Pit 8
	H1-TP09
	H2-Test pit 9a
	H3-Test Pit 9b
	I1-TP10
	I2-Test Pit 10
	J1-TP101
	J2-Test Pit 101




