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EXECUTIVE SUMMARY 

A Corrective Action Program (CAP) is being performed at Occidental Chemical 
Corporation’s (OxyChem) Buffalo Avenue Plant (Plant) pursuant to the Plant's 
RCRA/Part 373 Permit dated August 23, 1993.  The final RCRA Facility Investigation 
(RFI) was completed in February 1995.  The RCRA/Part 373 Permit stated that the CAP 
for the Plant would be implemented in four separate phases as Interim Corrective 
Measures (ICMs): 
 
i) bedrock groundwater flow regime; 

ii) overburden groundwater flow regime; 

iii) overburden soils; and 

iv) off-Site areas. 

 
Pursuant to the RCRA Permit, OxyChem submitted a scoping plan outlining the 
Corrective Measures Program for the Plant and potential remedial technologies in the 
document entitled “Scoping Plan - Phase I, Corrective Measures Study”, dated 
December 1991. 
 
OxyChem has submitted to the State corrective measures studies for the bedrock 
groundwater flow regime, overburden groundwater flow regime, and overburden soils 
and has implemented interim corrective measures (ICMs) for each.  The purpose of this 
report is to combine the previous corrective measure studies into one comprehensive 
corrective measures study and evaluate the performance of the ICMs implemented to 
date.  A corrective measures study for the off-Site areas also is included. 
 
The implemented ICMs evaluated for each of the four phases were: 
 
Bedrock Groundwater 
 
• extraction wells along the downgradient west and northwest Plant property 

boundaries in the D, C, and B-zones. 

• on-Site groundwater treatment system; 

• hydraulic monitoring program to monitor the effectiveness of the hydraulic 
containment system; 

• chemical monitoring program to verify long-term changes; 

• NAPL collection from on-Site bedrock wells; and, 
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• treatment of NAPL. 

 
Overburden Groundwater 
 
• Flow Zone 1 - Stages 1, 3, and 4 groundwater collection systems; 

• Flow Zone  3 - Energy Boulevard Drive Tile System (EBDTS); 

• hydraulic monitoring program to monitor the effectiveness of the hydraulic 
containment system; 

• chemical monitoring program to verify long-term changes; 

• collection of groundwater via sanitary sewers and treatment at the City Wastewater 
Treatment Plant (WWTP); and 

• address groundwater infiltration into the outfall sewers as indicated by State 
Pollution Discharge Elimination System (SPDES) monitoring. 

 
Overburden Soil 
 
• maintenance of overburden groundwater ICM components; 

• deed restrictions; 

• institutional controls; 

• maintenance of Plant perimeter fence; 

• perimeter overburden NAPL monitoring; 

• NAPL recovery (when sufficient quantity is encountered) and treatment of 
recovered NAPL; 

• capping of dioxin and elemental phosphorus areas and surface drainage control; and 

• maintenance of capped and existing hard surfaced areas. 

 
Off-Site Areas 
 
• the existing bedrock groundwater extraction system which will continue to draw 

chemicals back toward the Plant and prevent further off-Site chemical migration; 

• the Falls Street Tunnel (FST) which will continue to collect D-Zone groundwater.  All 
dry weather flow in the FST is treated by the Niagara Falls WWTP; and 
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• Monitored natural attenuation.  Monitoring of off-Site bedrock groundwater quality 
is already performed on a semi-annual basis as part of on-Site bedrock groundwater 
corrective measures. 



 
 
Each ICM was evaluated for suitability as the principal alternative for the corresponding 
corrective measures component based on the following: 
 
• effectiveness; 

• implementability; 

• protection of human health and the environment; 

• consistency with cleanup goals; 

• cost effectiveness; 

• permanence of remedy; 

• reduction of toxicity, mobility and volume; and 

• compliance with State and Federal standards and guidelines. 

 
The following conclusions have been made based on the results of the CMS: 
 
• The ICMs implemented for the bedrock groundwater flow regime achieve the goals 

of the corrective action program and are protective of human health and the 
environment; 

• The ICMs implemented for the overburden groundwater flow regime achieve the 
goals of the corrective action program and are protective of human health and the 
environment; 

• The ICMs implemented for overburden soils achieve the goals of the corrective 
action program and are protective of human health and the environment; 

• The ICMs implemented for off-Site areas achieve the goals of the corrective action 
program and are protective of human health and the environment; and 

• The ICMs implemented for the above four components achieve all ten remedial 
goals for the CAP as a whole. 

 
Based on the above conclusions, it is recommended that the ICMs implemented become 
the final corrective measures for the Plant and that the performance monitoring 
programs developed for the ICMs be combined into one long-term performance 
monitoring program to ensure that the ICMs continue to achieve remedial goals. 
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1.0 INTRODUCTION 

A Corrective Action Program (CAP) is being performed at Occidental Chemical 
Corporation’s (OxyChem) Buffalo Avenue Plant (Plant) pursuant to the Plant's 
RCRA/Part 373 Permit dated August 23, 1993.  The final RCRA Facility Investigation 
(RFF) was completed in February 1995.  The RCRA/Part 373 Permit stated that the CAP 
for the Plant would be implemented in four separate phases as Interim Corrective 
Measures (ICMs): 
 
v) bedrock groundwater flow regime; 

vi) overburden groundwater flow regime; 

vii) overburden soils; and 

viii) off-Site areas. 

 
Pursuant to the RCRA Permit, OxyChem submitted a scoping plan outlining the 
Corrective Measures Program for the Plant and potential remedial technologies in the 
document entitled “Scoping Plan - Phase I, Corrective Measures Study”, dated 
December 1991. 
 
OxyChem has submitted to the State corrective measures studies for the bedrock 
groundwater flow regime, overburden groundwater flow regime, and overburden soils 
as summarized in Table 1.1. 
 
The purpose of this report is to combine the previous corrective measure studies into 
one comprehensive corrective measures study and evaluate the performance of the 
selected ICMs implemented to date.  A corrective measures study for the off-Site areas 
also is included. 
 
This report is presented in nine sections as follows: 
 
• Section 2.0 provides a brief description of the Plant; 

• Section 3.0 summarizes existing geologic, hydrogeologic, chemical presence, and 
chemical migration conditions at the Plant; 

• Section 4.0 describes the remedial goals for the corrective measures program; 

• Section 5.0 describes the areas that were considered for corrective measures 
including Solid Waste Management Units (SWMUs); 
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• Section 6.0 details the interim corrective measures that have been implemented at the 

Plant and planned future corrective measures; 

• Section 7.0 presents an evaluation of the interim corrective measures that have been 
implemented at the Plant; 

• Section 8.0 presents conclusions regarding present conditions at the Plant and the 
interim corrective measures that have been implemented; 

• Section 9.0 presents recommendations for the final corrective measures at the Plant; 
and 

• Section 10.0 outlines the long-term monitoring and reporting plan for the Plant. 
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2.0 GENERAL SITE DESCRIPTION 

2.1 SITE LOCATION 

OxyChem’s Buffalo Avenue Plant is located in the City of Niagara Falls, New York.  The 
Plant is a chemical manufacturing facility that commenced operations in 1911 and 
currently covers an area of approximately 123 acres.  The location of the Plant is 
presented on Figure 2.1. 
 
Various industrial properties are located to the north and west of the Plant boundary 
while the former City of Niagara Falls Drinking Water Treatment Plant (DWTP) is 
located to the east of the Plant and south of Buffalo Avenue.  The DWTP was 
decommissioned and demolished in 1997.  The area east of the Plant and north of 
Buffalo Avenue is predominantly residential.  A utility right-of-way, the Robert Moses 
Parkway (RMP), an industrial wharf, and the Niagara River are located south of the 
Plant boundary.  The utility right-of-way contains Niagara Mohawk Power Corporation 
electrical transmission lines and the industrial intake pipe trench (IIPT). 
 
The present Plant facilities have been divided into alphabetical areas for ease of 
identification.  These Plant area designations are presented on Figure 2.2. 
 
 
2.2 HISTORY 

The Development and Funding Company purchased the original Plant site, which 
covered approximately 7 acres, in 1905 from the Niagara Power Company.  This parcel 
of land was located on the north side of Buffalo Avenue and was bounded to the east by 
the Niagara Junction Railroad, to the west by 47th Street, and to the north by the Niagara 
Falls Power Company.  The Development and Funding Company changed its name to 
Hooker Electrochemical Company in 1909. 
 
Hooker Electrochemical continued to expand along the north side of Buffalo Avenue 
and by 1927 the Plant site was approximately 29 acres in size, and was bounded to the 
west by Iroquois Street, to the east by approximately 52nd Street, and to the north by 
railroad property. The adjacent property on the south side of Buffalo Avenue was 
occupied mainly by Niagara Alkali Company and Oldbury Electrochemical Company.  
These companies were acquired by Hooker Electrochemical on November 30, 1955, and 
November 30, 1956, respectively. 
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Hooker Electrochemical or its successors obtained additional parcels of land over the 
years.  At the present time, the Plant encompasses approximately 143 acres of which 
123 acres is owned by OxyChem.  Other landowners include the City of Niagara Falls 
(8 acres), Niagara Mohawk Power Corporation (6 acres), and Consolidated Rail 
Corporation (6 acres).  The Plant area does not include the former Energy from Waste 
Facility (13 acres). 
 
Over the years the ownership of the Buffalo Avenue Plant has been changed to reflect 
corporate title changes.  These changes have included: 
 
• Development and Funding Company May 5, 1905 

• Hooker Electrochemical Company November 6, 1909 

• Hooker Chemical Corporation May 29, 1958 

• Hooker Chemicals & Plastics Corp. January 17, 1974 

• Occidental Chemical Corporation April 1, 1982 

 
 
2.3 SITE TOPOGRAPHY 

The Plant site slopes from north to south toward the Niagara River.  The property is 
relatively flat with the exception of a raised landfill (S-Area) and a raised railroad 
embankment.  A survey of Plant ground surface characteristics was completed in 
April 1996 and the results are presented on Plan 1.  Ground surfaces included 
impoundment areas (concrete areas enclosed with dikes), grass-covered areas, hard 
surface areas (including areas covered with concrete or asphalt), gravel-covered areas, 
and roof areas.  A summary of the surface areas expressed in acres, square feet, and as a 
percentage of the entire Plant surface area is presented on Plan 1. 
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3.0 PRE INTERIM CORRECTIVE MEASURE CONDITIONS 

3.1 SITE GEOLOGY 

The local geology of the Plant consists of overburden materials overlying a series of 
bedrock formations.  The overburden geologic stratigraphy beneath the Plant consists of 
the following from top to bottom: 
 
Unit Thickness Description 

Fill Material 0.0 to 15.0 feet mixture of gravel, sand, silt, and clay, as well as 
 (5.5 feet average) demolition debris, building foundations, flyash, 
  cinders, and other foreign material 

Alluvial River 0.0 to 14.9 feet permeable, brown/gray, fine to medium sandy 
Deposits (6.4 feet average) soil 

Glacial Lake 0.0 to 14.7 feet texturally homogeneous red-brown silty clay 
Deposits (8.4 feet average) and a more homogeneous gray brown sandy  
  to clayey silt 

Glacial Till 0.0 to 14.8 feet red-brown sandy silt with variable amounts  
 (6.8 feet average) of clay and gravel 
 
The overburden thickness beneath the Plant averages 27 feet. 
 
The bedrock geologic stratigraphy beneath the Plant consists of the following: 
 
Unit Thickness Description 

Oak Orchard 72 to 94 feet bituminous, light to dark gray, very thin to 
  medium bedded, fine to medium grained 
  saccharoidal dolostone 

Eramosa 15 to 30 feet bituminous, light to medium gray, thin to 
  medium bedded, fine to medium grained 
  argillaceous dolostone 

Goat Island 10 to 23 feet bituminous, medium to dark gray, thin to 
  medium bedded, fine to medium grained 
  dolostone 

Gasport 22 to 37 feet bituminous, medium to dark gray, very thin to 
  medium bedded, fine to medium grained 
  dolomitic limestone 

Decew 7 to 11 feet bituminous, medium to dark gray, thin to 
  massively bedded, fine grained argillaceous 
  dolostone 

Rochester (study did not uniform, dark gray, platy to fissile bedded, fine 
 penetrate unit) grained shale 
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The overburden and bedrock geologic stratigraphies are presented on Figures 3.1 and 
3.2, respectively. 
 
 
3.2 SITE HYDROGEOLOGY 

3.2.1 OVERBURDEN 

The overburden in the Plant area consists of two hydrogeologic units.  The upper unit, 
consisting of the fill and alluvium stratigraphic units, is water bearing.  The lower unit, 
consisting of the clay and till stratigraphic units, acts as an aquitard (confining layer).  
This clay/till unit maintains a physical separation between the fill/alluvium and the 
bedrock water-bearing units and prevents the downward migration of groundwater and 
non-aqueous phase liquids (NAPL).  The clay/till unit has been penetrated by 
man-made structures such as sewers, building foundations, and piles in some localized 
areas. 
 
Testing performed during the SDCP showed that the hydraulic conductivity of the 
fill/alluvium unit ranges from 6.1 x 10-6 to 3.8 x 10-1 cm/sec with a geometric mean of 
8.2 x 10-3 cm/sec.  The reason for the broad range of hydraulic conductivities in the 
fill/alluvium unit is the considerable variation in the composition of these strata.  The 
fill/alluvium materials ranged from fine sand and silt to brick and construction debris. 
 
The clay/till aquitard unit has a typical hydraulic conductivity of 1 x 10-8 cm/sec. 
 
Extensive overburden hydraulic monitoring has been performed at the Plant.  
Groundwater contours show the overburden groundwater flow is toward existing 
sewers and collection systems and, in perimeter areas, toward the Plant boundary.  
 
Figure 3.3 shows the overburden groundwater contours as determined from 
groundwater levels measured in June 1992.  Groundwater in the fill/alluvium unit is 
perched on top of the clay/till aquitard and consequently, the flow in this unit is 
dictated in part by the contours of this aquitard.   Hydraulic monitoring data also show 
that a downward vertical gradient exists between the fill/alluvium unit and the upper 
bedrock zone (D-Zone). 
 
The contours on Figure 3.3 show that overburden groundwater flow at the Plant is 
highly influenced by man-made structures, particularly the sanitary and outfall sewers 
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and existing groundwater collection systems.  The sanitary and storm sewers within the 
boundaries of the Plant are in general, deep installations typically close to or below the 
top of the clay/till unit.  The sanitary sewers and the majority of the storm sewers are 
gravity sewers that do not flow at capacity most of the time and thus the hydraulic head 
within the sewers is almost always lower than the hydraulic head in the surrounding 
overburden groundwater flow regime.  Consequently, the sewers are subject to 
groundwater infiltration.  The majority of the groundwater flow in the overburden 
beneath the Plant is toward the existing sewers and collection systems with subsequent 
migration through the sewer bedding and/or by infiltration into the sewers themselves.  
The following sewers and utilities have the most influence on the overburden 
groundwater flow at and near the Plant: 
 
• Industrial Intake Pipe Trench (IIPT); 

• Buffalo Avenue Sanitary Sewer; 

• Iroquois Street Sanitary Sewer; 

• 47th Street Sanitary Sewer; 

• 53rd Street Sanitary Sewer; 

• 001 Outfall; 

• 003 Outfall; 

• 004 Outfall; and 

• 005 Outfall. 

 
The locations of these systems are shown on Figure 3.4. 
 
There are also other man made features near the Plant that influence overburden 
groundwater flow.  These are: 
 
• NYPA Power Conduits; 

• Energy Boulevard Drain Tile System (EBDTS); 

• NYPA Intake Wall; 

• Plant Barrier Wall;  

• S-Area Barrier Wall; and 

• Flow Zone 1 Groundwater Collection Systems. 
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The locations of these features are also shown on Figure 3.4.  The NYPA Power Conduits 
have drain systems that collect overburden and bedrock groundwater to reduce the 
external pressure on the conduits.  The EBDTS is a collection system designed to 
intercept overburden groundwater at the eastern section of the northern Plant boundary.  
The NYPA Intake Wall, the Plant Barrier Wall, and the S-Area Barrier Wall prevent 
overburden groundwater from entering the Niagara River adjacent to the Plant. 
 
 
3.2.1.2 PERIMETER OVERBURDEN GROUNDWATER MOVEMENT 

The contours along the southern perimeter of the Plant as presented on Figure 3.3, show 
that overburden groundwater in the vicinity of the S-Area flows from the Plant to the 
River.  Along the rest of the southern Plant boundary, the contours drop steeply into the 
deep fill layer underlying the Robert Moses Parkway.  Comparing the contours with the 
Niagara River water levels shows that the groundwater flow is from the River north 
toward the Plant in this area.  Thus, the River flow combines with the off-Site 
groundwater flow from the southwest corner of the Plant and moves westerly 
eventually discharging to the NYPA conduits.  Perimeter groundwater flow along the 
southern boundary of the Plant has been addressed by the construction of two barrier 
walls that extend from the NYPA Power Conduit Intake Wall to the former City of 
Niagara Falls Drinking Water Treatment Plant (DWTP).  The construction of these walls 
prevents river water from recharging the overburden groundwater flow regime.  The 
barrier walls, in conjunction with the Flow Zone 1 groundwater collection systems, also 
ensure that the groundwater flow from the Plant cannot enter the Niagara River.  The 
barrier walls deflect groundwater migrating across the southern Plant boundary toward 
the west where it will eventually enter the NYPA Power Conduits. 
 
The primary direction of groundwater flow along the western Plant boundary is 
westerly toward the NYPA conduits.  There is a component of the flow from the north 
portion of the western Plant boundary that is directed toward the vicinity of the Iroquois 
Street Sanitary Sewer. 
 
There is a small component of northerly off-Site flow along the north Plant boundary 
from the vicinity of the northwest corner of the Plant to the approximate vicinity of well 
OW305.  Between wells OW305 and OW308, the overburden groundwater flow is 
easterly from the A/G-Areas and westerly from the B/H-Areas toward the 47th Street 
sewers.  East of OW308, the contours show the effect of the EBDTS.  The EBDTS acts as a 
line sink that effectively prevents off-Site groundwater flow from migrating further 
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north beyond the EBDTS.  The EBDTS actually draws water from areas further north of 
the EBDTS creating a southerly flow component of the overburden groundwater regime. 
 
There is a very small component of off-Site groundwater flow at the northeast corner of 
the Plant and along the east Plant boundary. 
 
 
3.2.1.3 INTERIOR OVERBURDEN GROUNDWATER MOVEMENT 

The overburden groundwater level within the interior of the Plant, as shown on 
Figure 3.3, is generally high and relatively flat.  These characteristics are typically 
representative of low flow rates.  Off-Site migration of groundwater through the 
overburden from the interior of the Plant does not occur.  Existing sewer systems are the 
primary influences on groundwater movement within this area.  The contours on 
Figure 3.3 show that the sewers on 47th Street, 53rd Street, and Buffalo Avenue act as 
localized groundwater sinks and consequently are the primary controllers of 
groundwater movement within the interior of the Plant.  Outfalls 001, 003, 004 and 005 
and their tributaries also influence groundwater movement within the interior of the 
Plant but to a lesser extent.  The groundwater regime within the interior of the Plant is 
replenished by precipitation infiltration and watermain leakage.  Watermain leakage 
was estimated to be approximately 272,000 gpd in the RFI. 
 
 
3.2.2 BEDROCK GROUNDWATER MOVEMENT 

Bedrock groundwater in the vicinity of the Plant occurs in highly connected microscopic 
pores, solution cavities, bedding joints and vertical joints.  The bedding joints have been 
identified as the primary conduits for groundwater flow through the Lockport Group 
(Johnston, 1964). 
 
Regional groundwater flow in the Lockport Group is generally toward the Niagara 
Gorge but in the Plant area, the groundwater flow has been altered by man-made 
structures.  The two man-made structures that have the most effect on groundwater flow 
are the NYPA power conduits and the FST. 
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The bedrock beneath the Plant consists of the following hydrogeologic units: 
 
D-Zone 0 to 45± feet below top of top of bedrock to middle of Oak 
 rock (BTOR) Orchard Formation; 

C-Zone 55± feet to 85± feet BTOR middle of Oak Orchard Formation 
  to top of Eramosa Formation; 

B-Zone 85± feet to 150± feet BTOR top of Eramosa Formation to top 
  of Gasport Formation; and 

A-Zone 150± feet to 190± feet BTOR middle of Gasport Formation to top 
  of Rochester Formation. 
 
The D-Zone and the C-Zone are the two major water-bearing units in the bedrock.  A 
less permeable layer (aquitard) separates these two units.  The B-Zone also is a 
water-bearing unit although to a lesser extent compared to the D and C-Zones. 
 
Bedrock hydraulic conductivities were determined by injection testing during the RFI 
studies.  D-Zone wells, which generally monitor intervals between the top of bedrock 
and the middle of the Oak Orchard Formation, exhibited hydraulic conductivities 
ranging from 7.8 x 10-6 to 3.6 x 10-1 cm/sec.  C-Zone wells, which generally monitor 
intervals from the middle of the Oak Orchard Formation to the top of the Eramosa 
Formation, exhibited hydraulic conductivities ranging from 3.9 x 10-4 to 
3.3 x 10-1 cm/sec.  The B-Zone wells, which generally monitor intervals from the top of 
the Eramosa Formation to the top of the Gasport Formation, exhibited hydraulic 
conductivities ranging from 1.1 x 10-5 to 1.1 x 10-1 cm/sec.  The A-Zone wells which 
generally monitor intervals from mid-Gasport to top of the Rochester, exhibited 
hydraulic conductivities ranging from 3.5 x 10-5 to less than 1 x 10-7 cm/sec.  The 
majority of A-Zone wells exhibited hydraulic conductivities less than 1 x 10-7 cm/sec. 
 
The A-Zone bedrock in the vicinity of the Plant acts as an aquitard (poor waterbearing 
characteristics).  The mean hydraulic conductivity was 4.7 x 10-7 cm/s; 100 times less 
than the minimum hydraulic conductivity required for meeting the conditions of a 
water-bearing unit established for the RFI (5.0 x 10-5 cm/s).  Another indication of the 
non-water-bearing characteristic of the A-Zone was the gas releases observed during 
penetration and testing.  The presence of gas is indicative of a formation with isolated, 
non-connected joints, fractures, and openings.  Otherwise, the gas would have 
dissipated through the available fracture network.  Therefore, the A-Zone bedrock acts 
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as an aquitard and prevents the downward migration of groundwater and NAPL.  Thus, 
the formations below the A-Zone do not require evaluation in this CMS. 
 
Groundwater contours, flow directions, and major influences on groundwater flow for 
the D, C, and B-Zone bedrock prior to implementation of the bedrock groundwater ICM 
are presented on Figures 3.5, 3.6, and 3.7, respectively. 
 
Groundwater in the D-Zone flows north-northwest toward the intersection of the FST 
and NYPA power conduits.  Groundwater flow in the D-Zone from the Plant is limited 
in the northerly direction by the FST.  The westernmost limit is the NYPA power 
conduits.  Ultimately, shallow D-Zone bedrock groundwater from beneath the Plant is 
expected to be captured by either the NYPA conduits, FST, South Side Interceptor 
and/or the Resource Recovery Facility (RRF), formerly called Energy from Waste 
dewatering system.  Groundwater flow in the C-Zone is similar to that of the D-Zone.  
The vertical gradient between the C and D-Zones is slight and fluctuates between 
upward and downward at various well locations.  Groundwater flow in the B-Zone is 
generally toward the north-northeast.  The vertical gradient between the B and C-Zones 
is downward with a potentiometric difference of less than one foot to more than 
two feet.  Groundwater flow patterns in the A-Zone could not be established due to the 
non-waterbearing nature of this zone. 
 
 
3.3 CHEMICAL PRESENCE 

3.3.1 OVERBURDEN GROUNDWATER 

Chemical presence in the overburden groundwater beneath the Plant was extensively 
investigated during the RFI and earlier investigations.  Chemical presence in the 
overburden groundwater is described in detail in the RFI Report. 
 
There are four chemical categories present in the overburden groundwater beneath the 
Plant as follows: 
 
i) elevated pH; 

ii) organic chemicals; 

iii) acid compounds (benzoic, chlorobenzoic, and chlorendic acids); and 

iv) soluble phosphorus. 
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Elevated pH 
 
Elevated pH levels (pH>10) were identified in the overburden groundwater beneath the 
Plant in the areas shown on Figure 3.8.  Elevated pH levels occur beneath the G-Area 
and the southern portion of the U-Area where caustic is and historically was used, 
stored, and handled.  RCRA characterizes liquids with pH greater than 12.5 as 
hazardous and pH levels greater than 12.5 were detected at OW314 in the U-Area (pH 
of 14).  The pH of the G-Area plume ranges between 10.5 and 12.0. 
 
The pH levels in overburden groundwater beneath the remainder of the Plant interior 
range between 6 and 9 except for one isolated occurrence at BH5B-89 (pH of 11.0) in the 
northeast corner of the V-Area. 
 
Organic Chemicals 
 
Four overburden groundwater organic chemical plumes were identified beneath the 
Plant as shown on Figure 3.9.  The plumes represent areas where concentrations of total 
organic SSI chemicals in the overburden groundwater are expected to be greater than 
1,000 µg/L.  The SSI parameters are listed in Table 3.1.  These plumes are generally 
located within perimeter areas of the Plant in the C and D-Areas, F-Area, N-Area, and 
U-Area.  Each of these plumes, except the N-Area plume, also extends to a degree into 
interior areas of the Plant.  These four plumes coincide with the observed presence of 
NAPL in the overburden as discussed in Section 3.3.3 – Overburden Soil Chemical 
Presence. 
 
The C and D-Area organic chemical plume is centered in the vicinity of wells OW308, 
OW320, and OW321.  The principal compounds detected in the C-Area portion of the 
plume were benzenes and chlorobenzenes and the principal compounds detected in the 
D-Area portion of the plume were toluenes, chlorotoluenes, and chloroethylenes.  The 
presence of these compounds is consistent with historic Plant operations in these areas. 
 
The F-Area organic chemical plume is centered in the vicinity of wells OW304 and 
OW317.  The principal compounds detected in these wells were benzene and 
chlorobenzenes, which accounted for approximately 96 to 99 percent of the total organic 
parameters detected at these wells.  The presence of these compounds is consistent with 
historic Plant operations in this area. 
 
The N-Area organic chemical plume is centered in the vicinity of wells BH6-88 and 
OW314.  These wells are located close to the southern Plant boundary.  The principal 
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compounds detected were chlorotoluenes, which accounted for approximately 97 and 
94 percent of the total organic parameters at BH6-88 and OW314, respectively.  The 
presence of these compounds is consistent with the overburden groundwater flow 
direction and historic Plant operations in this area. 
 
The U-Area organic chemical plume was centered in the vicinity of wells OW300 and 
OW316.  The principal compounds detected were chloroethylenes, chlorobenzenes, and 
chlorotoluenes at OW300 and chloroethylenes at OW316.  Most of the chloroethylene 
was in the form of trichloroethylene.  These compounds accounted for approximately 93 
to 99 percent of the total organic parameters detected at these wells.  The presence of 
these compounds is consistent with historic Plant operations in this area. 
 
Organic Acids 
 
Four acid compound (benzoic acid, chlorobenzoic acids, and chlorendic acid) plumes in 
the overburden groundwater were identified as shown on Figure 3.10.  The plumes 
represent areas where concentrations of organic acids in the overburden groundwater 
are greater than 1,000 µg/L.  These four plumes are all located within perimeter areas of 
the Plant in the C and D-Areas, F-Area, N-Area, and U-Area.  The presence of these 
compounds is consistent with current and historic Plant operations in these areas. 
 
Soluble Phosphorus 
 
Six soluble phosphorus plumes in the overburden groundwater were identified as 
shown on Figure 3.11.  The plumes represent areas where concentrations of soluble 
phosphorus compounds or elemental phosphorus in the overburden groundwater are 
greater than 1,000 µg/L.  Four of these plumes are located in perimeter areas of the Plant 
in the C-Area, F-Area, and U-Area (soluble phosphorus compounds) and N-Area 
(elemental phosphorus).  The other two plumes are located in interior areas of the Plant 
in the V-Area (elemental phosphorus) and W-Area (hypophosphite).  The presence of 
soluble phosphorus is consistent with historic Plant manufacturing, storage, disposal, 
and handling activities in these areas.  The V-Area phosphorus plume corresponds with 
the location of the elemental phosphorus presence in overburden soil discussed in 
Section 3.3.3 – Overburden Soil Chemical Presence. 
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3.3.2 BEDROCK GROUNDWATER 

Chemical presence in the bedrock groundwater beneath the Plant was investigated 
extensively during the RFI and earlier investigations.  Chemical presence in the bedrock 
groundwater is described in detail in the RFI Report. 
 
The most prevalent chemical category detected in the bedrock was organic chemicals 
present as dissolved constituents in the bedrock groundwater and as NAPL.  High pH 
levels, acid compounds, and soluble phosphorus, identified as significant chemical 
categories in the overburden groundwater, were detected sporadically and at 
significantly lower concentrations in the bedrock groundwater. 
 
Chemical presence observed based on Site-Specific Indicator (SSI) data in each of the 
bedrock groundwater zones is summarized below.  The presence of organic compounds 
at the Plant is consistent with historic manufacturing, storage, disposal, and handling 
activities and the presence of NAPL. 
 
D-Zone 
 
The highest total organic SSI concentrations in the D-Zone groundwater were located in 
the area of the Plant west of 47th Street as shown on Figure 3.12.  The highest 
concentrations for total organic SSI occurred in the U-Area (OW416D) and the F-Area 
(OW405D and OW417D).  The principal compounds in the U-Area were chloroethylenes 
(98 percent), while those in the F-Area were benzenes and chlorobenzenes (99 percent).  
This is the expected pattern considering observed overburden groundwater presence 
and the overburden and bedrock groundwater flow directions.  The high total organic 
SSI concentrations detected in the F-Area are due to the NAPL presence observed in 
these wells. 
 
A third area of elevated total organic SSI concentrations was observed in the N-Area 
(OW413D) adjacent to the S-Area.  The principal compounds were chlorotoluenes and 
chlorobenzenes (95 percent).   
 
C-Zone 
 
The highest total organic SSI concentrations in the bedrock C-Zone groundwater were 
located in the area of the Plant west of 47th Street as shown on Figure 3.13.  The highest 
total organic SSI concentration was detected in the U-Area (OW416C).  The principal 
compounds in the U-Area were chloroethylenes, chlorobenzenes, and chlorotoluenes 
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(99 percent), the same as in the D-Zone.  NAPL was observed in the C-Zone of the 
U-Area.  Significantly lower total organic SSI concentrations were detected in the F-Area 
(OW417C), the principal compounds of which were benzene and chlorobenzenes 
(89 percent) similar to the D-Zone. 
 
B-Zone 
 
The highest total organic SSI concentrations in the bedrock B-Zone groundwater were 
located west of 47th Street in two distinct areas, the F-Area (OW417B) and the U-Area 
(OW401B and OW416B), as shown on Figure 3.14.  The principal compounds in the 
U-Area were chloroethylenes and chlorotoluenes (99 percent for both wells).  
Significantly lower total organic SSI concentrations were detected in the F-Area the 
principal compounds of which were benzenes and chlorobenzenes (97 percent), similar 
to the D and C-Zones. 
 
A-Zone 
 
The highest total organic SSI concentrations in the A-Zone groundwater were located 
west of 47th Street in the F-Area (OW417A) and the U-Area (OW402A) as shown on 
Figure 3.15.  This was expected due to the observed NAPL presence in the A-Zone in 
these areas.  The principal compounds in the U-Area were chloroethylenes and 
chlorotoluenes (99.7 percent) similar to the D, C, and B-Zones.  The principal 
compounds at the F-Area were benzene and chlorobenzenes (98 percent) similar to the 
D, C, and B-Zones. 
 
A third area of elevated total organic SSI concentrations was observed in the N-Area 
(OW413A) adjacent to the S-Area.  The principal compounds were chlorotoluenes and 
chlorobenzotrifluorides (96 percent).  NAPL was observed in this area. 
 
NAPL 
 
NAPL was observed in the bedrock in the locations shown on Figure 3.16. 
 
NAPL was observed at three locations in the D-Zone bedrock unit, OW417D, OW405D 
and OW409D on the northern study area boundary; and at three locations, OW216, 
OW225 and OW233, on the southeast study area boundary (all associated with the 
S-Area landfill).  The presence of NAPL within the shallow bedrock was not unexpected 
considering the observed overburden NAPL presence in similar Plant areas.  The three 
Plant wells located in the northern half of the Plant are positioned in the D and F-Areas 

 
  
 

2583 (191) 15 CONESTOGA-ROVERS & ASSOCIATES 



 
where the thickness of the clay/till aquitard separating the overburden and bedrock 
waterbearing units is on the order of 10 to 16 feet.  Since the NAPL does not penetrate 
the aquitard significantly, it is believed the NAPL penetrated to the bedrock unit via 
manmade pathways.  The most likely routes are building foundations, piles and 
excavations for utility installations. 
 
NAPL was observed at one location in the C-Zone bedrock unit, OW416C, which is 
located in the central portion of the U-Area.  Historical operations in the U-Area 
included the production, use and storage of chloroethylenes. 
 
NAPL was observed at two locations in the B-Zone bedrock unit, OW401B (southwest 
corner of the Plant) and the equivalent B-Well level of OW207 (southeast corner of the 
N-Area).  OW207 was not installed as a well cluster but as a deep bedrock well, and 
hence does not have separate wells to monitor each bedrock interval.  The presence of 
NAPL at the OW401B location was probably due to horizontal migration from OW416C 
towards OW401 until a vertical fracture was encountered which allowed downward 
migration.  The potential for vertical fracturing increases in this area (i.e., OW401) as the 
NYPA conduits are approached.  It is postulated that the blasting activities performed to 
remove the bedrock for conduit construction induced additional vertical fracturing and 
that drilling for the grout curtain wall provided a pathway for vertical migration.  The 
presence of NAPL in OW207 is attributable to the historic Plant operations in the 
N-Area.  The principal compounds in the N-Area bedrock NAPL (OW207) were 
chlorotoluenes and chlorobenzotrifluorides.  This was consistent with historic Plant 
operations in this area. 
 
NAPL was observed at five locations in the A-Zone bedrock unit, OW402A (west 
T-Area), OW417A (central F-Area), OW407A (southeast of EFW), OW413A (southeast 
N-Area) and the equivalent A-Well level of OW207 (southeast N-Area). 
 
The presence of NAPL in the A-Wells was not expected due to the typically low 
geometric mean hydraulic conductivity (5 x 10-7 cm/sec) of this unit in the horizontal 
plane as measured by the injection tests performed at the time of well installation.  Thus, 
the pathway by which NAPL may have penetrated to depth is uncertain.  Possible 
routes may include: 
 
• vertical bedrock fractures, 

• during well construction, 
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• bedrock fracturing due to bedrock blasting for the construction of the NYPA 

conduits, and 

• unsealed grout hole drilled to seal the bedrock around the intake structure for the 
NYPA conduits. 

 
 
3.3.3 OVERBURDEN SOIL 

Chemical presence in the overburden soil beneath the Plant was investigated extensively 
during the RFI and earlier investigations.  Chemical presence in the soil is described in 
detail in the RFI Report. 
 
There are four significant chemical categories present in the overburden soil beneath the 
Plant as follows: 
 
i) immobile NAPL (NAPL); 

ii) dioxins; 

iii) elemental phosphorus; and 

iv) mercury. 

 
NAPL 
 
NAPL in the soil beneath the Plant is present as a dense fluid mixture of chemicals 
which is essentially immiscible in water.  The majority of the NAPL presence at the Plant 
is immobile NAPL (NAPL that is locked into the soil's pore spaces).  NAPL in the 
overburden soil exists in thin discontinuous layers of porous soil and fill materials.  
NAPL does not penetrate into the clayey soil layers that exist at depths of 8 to 30 feet 
below the ground surface.  NAPL in the overburden soil beneath the Plant can be found 
between the ground surface and the clay/till-confining unit. 
 
NAPL has been detected in the soil beneath the B, C, D, F, N, and U-Areas of the Plant as 
shown on Figure 3.17.  The shaded areas on Figure 3.17, which identify the areal extent 
of NAPL presence, do not represent areas of continuous NAPL presence but indicate 
areas in which NAPL is often found to be present. 
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Dioxins 
 
Soils with dioxin concentrations above 1 ppb are expected to be present beneath the 
Plant in the areas shown on Figure 3.18.  Dioxin is immobile and does not readily 
dissolve in water; it binds tightly to soil and sediment.  Therefore, soils with dioxin 
concentrations above 1 ppb are located close to historic release points.  Dioxin is a 
by-product of trichlorophenol production and is present in overburden soil in areas 
where historic trichlorophenol production/handling occurred.  Dioxin is present in the 
soil beneath portions of the D, M, and X-Areas of the Plant and beneath much smaller 
portions of the F and U-Areas.  Dioxin has not been found in the groundwater beneath 
the Plant. 
 
Elemental Phosphorus 
 
Elemental phosphorus is a waxy brown or white substance that will spontaneously 
combust when exposed to oxygen and produces a dense white smoke and intense heat. 
 
Elemental phosphorus was detected in the overburden soils beneath a small portion of 
the V-Area as shown on Figure 3.19.  Elemental phosphorus was used in various Plant 
chemical-manufacturing processes and is present in fill soils beneath areas where these 
historic manufacturing processes occurred. 
 
Mercury 
 
Mercury is a silvery-white, heavy, odorless liquid, insoluble in its elemental form.  
Mercury was detected in the overburden soil beneath former Building U-75 in the 
northern U-Area as shown on Figure 3.20.  Mercury was used as an electrode in 
chlor-alkali production from 1960 to 1984 at this location. 
 
 
3.3.4 OFF-SITE AREAS 

Chemical presence in the bedrock and overburden north and west of the Plant was 
extensively investigated during the Off-Site Investigation (OSI). 
 
The OSI was conducted in the areas north and west of the Plant because they are 
downgradient with respect to both bedrock and overburden groundwater flow.  
Chemical presence observed based on OSI data in the groundwater is summarized 
below. 
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Overburden Groundwater 
 
Elevated concentrations of total organic SSI were detected in the overburden 
groundwater in three areas as shown on Figures 3.9 and 3.10.  The northeast area 
(OW554) is located adjacent to an on-Site area of elevated overburden groundwater 
chemical presence situated on the Plant boundary (D-Area).  There is a significant 
decrease in chemical content (several orders of magnitude) between OW554 and on-Site 
wells (OW308, OW320, OW321, WS107, and WS109), which shows that off-Site 
migration of chemicals in the overburden groundwater at this location is being 
significantly retarded.  This is further shown by the total organic SSI concentrations in 
wells immediately north of OW554 (MW-1, MW-2 and MW-3), which were less than 
7 µg/L.  Even though traces of NAPL have been observed at OW554, the chemical 
concentrations are considerably reduced compared to on-Site.  Currently, the EBDTS 
prevents any additional NAPL from migrating into the area near OW554 and collects 
APL from the areas both north and south of the EBDTS including the area of OW554. 
 
The second area of elevated chemical presence is located in the northwest area (OW559), 
adjacent to an on-Site area of elevated chemical presence in the overburden 
groundwater.  There is a significant decrease in chemical concentration between OW559 
and adjacent on-Site wells (OW304 and OW317) which shows that off-Site migration of 
chemicals in the overburden groundwater is limited at this location. 
 
The third area of elevated chemical presence is south of the Plant.  The pattern of 
chemical presence in this area presented on Figure 3.9 shows total organic SSI 
compounds greater than 10 mg/L in areas north of the RMP extending from the 
southwest corner of the Plant perimeter (OW300) to the southeast corner of the N-Area 
(OW269).  By comparison, in the areas south of the RMP, trace chemical concentrations 
less than 200 µg/L are present.   
 
The organic SSI analysis conducted for wells in the immediate vicinity of the Intake Wall 
and Power Conduit drain system (SP6A, SP5A, OW324, OW560 and OW561) showed 
that the Class GA groundwater standards were met for the majority of parameters in all 
the wells.  Table 3.2 presents a summary of the results of both rounds of analysis and the 
Class GA groundwater standards. 
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D-Zone Bedrock 
 
Chemical presence in the D-Zone bedrock groundwater to the north and west of the 
Plant was evaluated during the OSI.  As shown on Figure 3.12, the first line of bedrock 
wells located approximately 1,000 feet beyond the northern Plant boundary (OW651, 
OW652, OW653, OW657, OW658, and OW659) showed chemical concentrations 
significantly (several order of magnitude) lower than concentrations detected in wells 
along the Plant boundary. 
 
Further to the north, samples collected from two wells along the south side of Royal 
Avenue (OW654 and OW655) and from two wells on the north side of Royal Avenue 
(MW-84-11, MW-88-6B) showed elevated chemical presence.  These wells are located 500 
to 600 feet further north of the first line of wells.  Given that groundwater flow direction 
in the D-Zone is toward the northwest and the decreasing concentration pattern 
observed between the Plant boundary and the first line of wells, OxyChem believes that 
the chemical presence observed in the Royal Avenue wells did not migrate from the 
Plant. 
 
Elevated chemical presence in the D-Zone west of the Plant was not observed as shown 
on Figure 3.12. 
 
C-Zone Bedrock 
 
Chemical presence in the C-Zone bedrock groundwater to the north and west of the 
Plant exhibited the same pattern as observed in the D-Zone.  Total organic SSI 
concentrations at the first line of wells approximately 1,000 feet north of the Plant 
boundary were significantly lower than concentrations observed at the Plant boundary 
as shown on Figure 3.13.  Further to the north, samples collected from along Royal 
Avenue (OW654C) showed slightly higher total organic SSI concentrations.  Given that 
groundwater flow direction in the C-Zone is toward the northwest and the decreasing 
concentration pattern observed, OxyChem believes that the chemical presence observed 
in the Royal Avenue well did not migrate from the Plant. 
 
Elevated chemical presence in the C-Zone west of the Plant was not observed as shown 
on Figure 3.13. 
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B-Zone Bedrock 
 
Chemical presence in the B-Zone bedrock groundwater to the north and west of the 
Plant exhibited continuously decreasing concentrations in the area from the Plant 
boundary wells to the Royal Avenue wells as shown on Figure 3.14. 
 
Elevated chemical presence was not observed in the B-zone west of the Plant as shown 
on Figure 3.14. 
 
Overburden NAPL Presence 
 
NAPL was observed in the overburden at three off-Site locations:  OW554; OW300 and 
BH7-89; and OW241 and OW524.  A trace amount of NAPL was observed during the 
installation of OW554.  OW554 is located north of Energy Boulevard.  A small quantity 
of NAPL was observed in the form of very small droplets during the installation of both 
OW300 and BH7-89.  These wells are located near the southwest corner of the Plant.  
NAPL was observed at well OW241 and in trace amounts at OW524 during well 
installation.  These wells are located near the southwest corner of the N-Area as shown 
on Figure 3.22. 
 
Bedrock NAPL Presence 
 
NAPL within the bedrock was observed in off-Site areas (i.e., near Royal Avenue) but 
OxyChem believes that an off-Site source of NAPL exists north of Royal Avenue.  The 
geologic, hydrogeologic, and chemical distribution findings of the OSI support the 
conclusion that the chemistry noted in the vicinity of Royal Avenue did not originate 
from the Plant. 
 
 
3.4 CHEMICAL MIGRATION 

3.4.1 OVERBURDEN GROUNDWATER 

Chemical migration potential in the overburden is different for perimeter and interior 
areas of the Plant.  Chemical migration in each of these two areas is described below. 
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3.4.1.1 PERIMETER AREAS 

Estimates of the off-Site overburden groundwater chemical flux crossing the Plant 
boundary were presented in the RFI Report.  The estimated chemical fluxes, by 
overburden flow zone, are presented in Table 3.3. 
 
Five major overburden flow zones for off-Site chemical migration exist beneath the Plant 
as shown on Figure 3.23, each representing the following perimeter areas: 
 
    Most Likely 
Flow Perimeter Off-Site Mass Flux Expressed 
Zone Area Flow as TOC/TOX 
   (gpd) (lbs/day) 

1 South Boundary 9,700 22.1 
2 East Boundary 540 0.02 
3 North Boundary – East 2,500 2.03 
4 North Boundary – West 2,200 0.30 
5 West Boundary  4  0.001 

     Total 24.4 
 
The estimated total TOC/TOX chemical mass flux crossing the Plant boundary ranged 
from 13.3 to 37.6 lbs/day with a most likely value of 24.4 lbs/day.  The chemical mass 
flux estimates shown are considered the most likely estimate of chemical migration 
based on the mean TOC/TOX concentrations at the Plant boundary and assuming a 
precipitation infiltration rate of 14.3 inches per year.  Chemical migration through each 
of these flow zones is discussed below. 
 
Flow Zone 1 
 
The chemical mass flux is uniform through all the flow zones except for Flow Zone 1.  
This is attributable to the high groundwater flow rates and high TOX and TOC 
concentrations found in wells in this flow zone.  The chemical mass flux from Flow 
Zone 1 represents 90 percent (22 lbs/day) of the chemical mass flux leaving the Plant 
through the overburden groundwater. 
 
The direction of groundwater flow through Flow Zone 1 across the Plant boundary is 
toward the south.  Flow through Flow Zone 1 is prevented from entering the upper 
Niagara River by the NYPA intake wall and by the Plant Barrier Wall as discussed in 
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Section 3.2.1.2.  The flow is collected by the NYPA conduit drain system and eventually 
enters the lower Niagara River. 
 
Flow Zone 2 
 
The chemical flux from Flow Zone 2 is very small comprising 0.1 percent (<0.1 lb/day) 
of the total overburden groundwater mass flux leaving the Plant.  South of Buffalo 
Avenue the groundwater flows south and east toward the S-Area.  The S-Area Barrier 
Wall (completed in 1994) prevents the off-Site chemical migration from this portion of 
Flow Zone 2. 
 
Groundwater in the portion of Flow Zone 2 north of Buffalo Avenue flows east and west 
toward 56th Street and south toward Buffalo Avenue.  Off-Site chemical migration from 
these areas is captured by the sanitary sewers and treated at the WWTP.  The easterly 
component of groundwater flow exhibits extremely low levels of chemical presence as 
indicated by SSI sampling.  Wells OW311 and OW323 have concentrations below 
22 µg/L. 
 
Flow Zone 3 
 
The loading for Flow Zone 3 at the eastern portion of the north Plant boundary is a small 
portion of the total flux of 24.5 lb/day (i.e., approximately 8 percent). 
 
The analytical results for the OSI samples show that three of the four off-Site overburden 
groundwater wells north of Flow Zone 3 have minimal chemical presence.  There is one 
isolated location where chemicals are present in the off-Site groundwater north of this 
flow zone (OW554) but the three other wells further north of OW554 have total organic 
SSI concentrations over the two sample rounds that do not exceed 7 µg/L and are 
non-detect for two of the three wells.  Therefore, these results show that there is no 
significant off-Site migration of Plant chemicals to the north through the overburden 
groundwater 
 
Flow Zone 4 
 
The chemical mass flux from Flow Zone 4 represents approximately 1 percent 
(0.3 lbs/day) of the chemical mass flux passing the Plant boundary in the overburden 
groundwater. 
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Two groundwater flow directions exist in this zone; one component flows toward the 
47th Street sanitary sewer within the central area of this zone, and a second component 
flows northwest and likely discharges to the Iroquois Street sanitary sewer.  
Groundwater migration to the north does not occur as demonstrated by the 
groundwater contours shown on Figure 3.21 and the low concentrations of chemicals in 
the off-Site overburden groundwater wells north and west of Flow Zone 4. 
 
Flow Zone 5 
 
The chemical flux from Flow Zone 5 represents <0.01 percent (<0.1 lbs/day) of the 
chemical mass flux leaving the Plant through the overburden groundwater. 
 
Groundwater from Flow Zone 5 flows north toward Buffalo Avenue and west toward 
Iroquois Street due to the presence of sanitary sewers beneath these streets.  Therefore, 
the minimal off-Site chemical migration that occurs from Flow Zone 5 will be captured 
by the sanitary sewer system and treated at the WWTP.  Analytical results for the four 
off-Site wells west of the Plant have minimal chemical presence (i.e., total organic SSI 
concentrations for these four wells over the two sample rounds do not exceed 45 µg/L).  
These results support the flux calculations and show that there is no significant off-Site 
migration of Plant chemicals to the west through the overburden groundwater. 
 
 
3.4.1.2 INTERIOR AREAS 

Due to groundwater flow patterns within the interior areas of the Plant, chemicals 
present within the overburden groundwater in the interior areas cannot migrate off Site 
via the overburden groundwater flow regime.  Chemical migration within the interior 
areas is toward existing sanitary and outfall sewer systems, which act as line sinks along 
their length.  The chemicals present in the groundwater that infiltrate into these sewers 
are discharged off Site and are regulated by the City of Niagara Falls WWTP discharge 
permit and the Plant SPDES Permit.  The sanitary and outfall sewer systems including 
permit monitoring points are shown on Figures 3.24 and 3.25, respectively.  The City of 
Niagara Falls WWTP discharge permit and the SPDES permit are presented in 
Appendix A and B, respectively. 
 
The chemical mass loading leaving the Plant via the sanitary and outfall sewers was 
estimated in the RFI Report.  The estimated chemical mass loading leaving the Plant via 
the sanitary and outfall sewers was estimated to be 45.2 and 58.1 lbs/day, respectively.  
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All sanitary sewer flow is treated by the City of Niagara Falls WWTP and all outfall flow 
is in compliance with SPDES discharge requirements. 
 
 
3.4.2 BEDROCK GROUNDWATER 

The predominant flow direction in the bedrock zones beneath the Plant is toward the 
north and northwest.  No component of bedrock groundwater beneath the Plant flows 
toward the south.  Therefore, chemical migration is toward the north and northwest. 
 
Estimates of off-Site bedrock groundwater chemical flux crossing the Plant boundary 
were presented in the RFI report.  A summary for each bedrock zone is presented below.   
 
Bedrock D-Zone 
 
The D-Zone was divided into six flow zones.  Chemical mass flux estimates for the nine 
scenarios in the D-Zone are shown in Table 3.4.  The D-Zone Round 2 total organic SSI 
plumes and groundwater flow zones for March 1990 are shown on Figure 3.26. 
 
The estimated total chemical mass flux crossing the Plant boundary ranged from 0.1 to 
6.8 lbs/day with a most likely value of 1.3 lbs/day at the most likely flow rate.  The 
highest flux occurred in Flow Zone 1 located along the western boundary of the Plant.  
Flow Zone 1 represented 67 percent of the total D-Zone chemical mass flux.  The 
direction of groundwater flow through all D-Zone flow zones was toward the 
north/northwest. 
 
Bedrock C-Zone 
 
Chemical mass flux estimates for the nine scenarios in the C-Zone are shown in 
Table 3.5.  The C-Zone Round 2 total organic SSI plumes and groundwater flow zones 
for March 1990 are shown on Figure 3.27. 
 
It was estimated that the total chemical mass flux crossing the Plant boundary ranged 
from 0.2 to 45.4 lbs/day.  The average most likely chemical flux was 4.4 lbs/day. 
 
The highest flux occurred along the western boundary and the west part of the northern 
boundary.  The chemical mass flux from the western boundary and west part of the 
northern boundary represented 55 percent and 33 percent of the total C-Zone chemical 
mass flux, respectively.  The elevated chemical mass flux for these flow zones was 
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attributable to the high groundwater flow rates and elevated chemical concentrations 
through these flow zones.  The direction of groundwater flow through the bedrock 
C-Zone interval, in general, was toward the north. 
 
Bedrock B-Zone 
 
The B-Zone was divided into seven flow zones.  Chemical mass flux estimates for the 
nine scenarios in the B-Zone are shown in Table 3.6.  The B-Zone Round 2 total organic 
SSI plumes and groundwater flow zones for March 1990 are shown on Figure 3.28. 
 
The estimated total chemical mass flux crossing the Plant boundary ranged from 0.009 to 
1.7 lbs/day with an average most likely value of 0.25 lbs/day. 
 
The highest chemical mass flux occurred in Flow Zones 4, 5, 6, and 7 located along the 
northern boundary of the Plant.  The chemical mass flux from Zones 4, 5, 6, and 7 
represented 21 percent, 20 percent, 22 percent, and 36 percent of the total B-Zone 
chemical mass flux, respectively. 
 
Bedrock A-Zone 
 
Chemical mass flux estimates for the nine scenarios in the A-Zone are shown in 
Table 3.7.  The A-Zone Round 2 total organic SSI plumes and B-Zone groundwater flow 
zones for March 1990 are shown on Figure 3.29.  B-Zone hydraulic data was used for 
A-Zone estimates because the A-Zone wells had not recovered sufficiently to determine 
groundwater flow paths in this zone.  This provides a conservative estimate. 
 
The estimated total chemical mass flux crossing the Plant boundary ranged from 0.0013 
to 0.0057 lbs/day with an average most likely value of 0.003 lbs/day. 
 
The highest chemical mass flux occurred in Flow Zone 1 located along the western 
boundary of the Plant.  The chemical mass flux from Flow Zone 1 represented 85 percent 
of the A-well chemical mass flux.  The elevated chemical mass flux for this zone was 
attributable to the high TOX concentrations observed in well OW402A.  The TOX 
concentrations observed in OW402A were 470,000 and 220,000 µg/L for SSI Rounds 1 
and 2 respectively.  The next highest TOX concentration observed in the A-Zone wells 
was 4,000 µg/L. 
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NAPL 
 
For the purpose of this report all bedrock NAPL discussions refer to dense NAPLs, 
which are those NAPLs that are more dense than water.  NAPL movement is primarily 
controlled by gravity.  Therefore, the primary migration pathway for NAPL is 
downward.  The higher density of NAPL combined with sloped or vertical pathways 
(e.g., rock fractures) controls the extent and depth of movement of NAPL through the 
bedrock.  Natural bedrock groundwater movement beneath the Plant appears to have 
little influence on NAPL migration but groundwater movement induced by the S-Area 
remedial program has confined N-Area NAPL presence in the bedrock.  NAPL 
migration is controlled by the presence or absence of vertical and horizontal rock 
fractures and can occur in the opposite direction of groundwater flow.  Considering that 
the majority of the bedding planes (pathways) in the bedrock beneath the Plant dip in a 
southerly direction, the most prominent direction of NAPL migration in the bedrock 
beneath the Plant is expected to be to the south. 
 
 
3.4.3 OVERBURDEN SOIL 

Chemicals in the overburden soil at the Plant can migrate by three mechanisms: 
 
• NAPL flow; 

• dissolution into groundwater; and 

• erosion of soils by wind and surface water. 

 
NAPL Flow 
 
The ability for mobile NAPL to flow depends on the NAPL head and the porosity of the 
surrounding soil.  Low porosity soil, such as the clay/till aquitard beneath the Plant, 
blocks the movement of NAPL.  The volume of mobile NAPL present also determines 
the distance that NAPL will flow.  The direction of NAPL flow is controlled by gravity. 
 
Whenever NAPL flows through a soil it leaves a volume of immobile residual in the 
pore spaces it travels through.  The NAPL continues to flow until all of it becomes 
residual, the NAPL head is not great enough for movement through the soil’s pore 
spaces, or flow is blocked by a lower porosity soil.  Most of the NAPL beneath the Plant 
occurs in the soil’s pore spaces as an immobile residual (NAPL).  The remainder is in 
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small pools of free product that are either blocked from further movement or lack the 
head required to flow through the surrounding soil. 
 
The flow of mobile NAPL is primarily downward until a barrier to vertical migration is 
encountered.  Vertical flow will stop at this contact and horizontal flow may result with 
migration following the slope of the top of the barrier.  The direction of NAPL flow is 
not influenced by groundwater flow and NAPL often flows in the opposite direction of 
the local groundwater.  If the horizontally migrating NAPL encounters a discontinuity 
in the barrier (a vertical migration pathway), the preferred direction of flow again will 
be vertically downward along the steepest available path. 
 
Dissolution 
 
Chemicals in the overburden soil can dissolve or diffuse into the overburden 
groundwater where the chemicals and groundwater are in contact.  The chemicals will 
then migrate with the groundwater.  There are some exceptions to this such as dioxin, 
which binds tightly to soil and sediment.  Therefore, dioxin is not present in the 
groundwater beneath the Plant.  NAPL and elemental phosphorus are known to have 
dissolved into the overburden groundwater beneath the Plant as evidenced by the 
groundwater chemical plumes in the vicinity of high concentrations of these chemicals 
in the soil. 
 
Erosion 
 
Exposed surface soil containing NAPL, dioxin, or elemental phosphorus could be 
eroded and transported to other areas of the Plant or off-Site areas by wind, surface 
water flow, and disturbances caused by human activities.  This process is believed to 
have been the most likely migration/transport mechanism for dioxin because the 
highest concentrations of dioxin at the Plant were detected in surface soil where erosion 
is most likely to have historically occurred.  Elemental phosphorus, dioxin, and NAPL in 
subsurface soil also could have been exposed by erosion of clean overlying soil layers. 
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4.0 REMEDIAL GOALS 

The corrective action design goals for the remediation of the Plant are as follows: 
 
1. Restrict off-Site migration of OxyChem hazardous waste constituents in the 

bedrock groundwater. 

2. Restrict off-Site migration of OxyChem hazardous waste constituents in the 
overburden groundwater. 

3. Restrict discharge of OxyChem hazardous waste constituents to the outfalls. 

4. Restrict discharge of OxyChem hazardous waste constituents to the sanitary 
sewers. 

5. Restrict migration of OxyChem hazardous waste constituents from the 
overburden to bedrock. 

6. Minimize human contact with OxyChem hazardous waste constituents in on-Site 
soils. 

7. Minimize need for future/ongoing remediation and operation and maintenance 
activities by implementing solutions or technologies that will be reliable and 
effective over the long term. 

8. Maintain compatibility with remedial efforts for specific areas of the Plant (e.g., 
S-Area and any off-Site remediations) and with Plant operations. 

9. Reduce the concentration of hazardous waste constituents within the soil and 
groundwater at the Plant with time to acceptable State and Federal levels 
consistent with the use of the property and adjacent property. 

10. Protect City of Niagara Falls drinking water supply system components at the 
Plant from releases of hazardous waste constituents. 

 
These goals will be achieved through implementation of the corrective measures 
developed during the CMS, including the bedrock groundwater CMS (BGCMS), 
overburden groundwater CMS (OGCMS), and overburden soils CMS (OSCMS), and the 
corrective measures for the off-Site areas detailed in Section 6.0.  The definition of 
“restrict”, as used in the above goals, is to eliminate significant off-Site discharge or 
migration of OxyChem hazardous waste constituents that pose a potential threat to 
human health or the environment to the extent possible or technically feasible. 
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Based on discussions with EPA/State, it was agreed that the primary objective of the 
corrective measures program is to restrict chemical migration from crossing the Plant 
boundary to off-Site areas with containment technologies. 
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5.0 DEVELOPMENT OF AREAS FOR CORRECTIVE MEASURES 

5.1 BEDROCK GROUNDWATER 

The predominant flow direction in the bedrock zones beneath the Plant is toward the 
north and northwest.  No component of bedrock groundwater beneath the Plant flows 
toward the south or east.  Therefore, chemical migration is to the north and northwest.  
Through discussions with the EPA/State it was agreed that the primary objective of the 
BGCMS was to reduce chemical loadings crossing the Plant boundary.  The most likely 
chemical flux crossing the Plant boundary as discussed in Section 3.4.2 is as follows: 
 
 Most Likely Chemical Flux 
 (lbs/day) 

 
D-Zone 1.3 
C-Zone 4.4 
B-Zone 0.25 
A-Zone 0.003 
 Total 6.0 

 
The following reviews off-Site chemical migration patterns and identifies where 
corrective measures are required in each bedrock zone. 
 
D-Zone 
 
The most likely chemical mass flux crossing the Plant boundary in the D-Zone was 
estimated to be 1.3 lbs/day.  Approximately 67 percent of the total chemical mass flux 
crosses the west Plant boundary and approximately 29 percent crosses the north Plant 
boundary west of OW408D.  This represents 96 percent of the chemical mass flux 
crossing the Plant boundary and corresponds to the location of major chemical plumes 
in the D-Zone as shown on Figure 3.22.  Corrective measures have been implemented to 
address chemical migration across the west Plant boundary and the north Plant 
boundary west of OW408D. 
 
The most likely chemical mass flux crossing the Plant boundary east of OW408D was 
estimated to be 0.04 lbs/day or 4 percent of the total mass flux crossing the Plant 
boundary.  Groundwater flow through this area exhibits low levels of chemical presence 
as shown by SSI sampling.  Total organic SSI concentrations in monitoring wells 
OW409D and OW410D were 220 µg/L and 4 µg/L, respectively.  Therefore, chemical 
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migration from the area east of OW408D is not a significant off-Site discharge that 
requires remediation. 
 
C-Zone 
 
The most likely chemical mass flux crossing the Plant boundary in the C-Zone was 
estimated to be 4.4 lbs/day.  Approximately 55 percent of the total chemical mass flux 
crosses the west Plant boundary and approximately 33 percent crosses the north Plant 
boundary west of OW408C.  This represents 88 percent of the chemical mass flux 
crossing the Plant boundary and corresponds to the location of major chemical plumes 
in the C-Zone as shown on Figure 3.23.  Corrective measures have been implemented to 
address chemical migration in these areas. 
 
The most likely chemical mass flux crossing the Plant boundary east of OW408C was 
estimated to be 0.5 lbs/day or 12 percent of the total mass flux crossing the Plant 
boundary in the C-Zone.  Groundwater flow through this area exhibits extremely low 
levels of chemical presence as shown by SSI sampling.  The total organic SSI 
concentration in monitoring wells OW409C and OW410C east of OW408C was 3 µg/L 
and 1 µg/L, respectively, which are below New York State Class GA groundwater 
standards.  Therefore, chemical migration from the area east of OW408C is not a 
significant off-Site discharge that requires remediation. 
 
B-Zone 
 
The most likely chemical mass flux crossing the Plant boundary in the B-Zone was 
estimated to be 0.25 lbs/day.  Approximately 70 percent of the total chemical mass flux 
crosses the east half of the north Plant boundary.  This does not correspond to the 
location of the major chemical plumes in the B-Zone as shown on Figure 3.24.  Total SSI 
concentrations along the west Plant boundary ranged between 260 µg/L and 
82,000 µg/L and the total SSI concentrations along the north Plant boundary west of 
OW408B ranged 210 µg/L and 67,000 µg/L.  The total SSI concentrations in these areas 
were substantially higher than those observed east of OW408B.  The total SSI 
concentrations east of OW408 at OW409B and OW410B were 19 µg/L and 65 µg/L, 
respectively.  The higher chemical mass flux east OW408B is a result of greater 
groundwater flow and not elevated chemical concentrations.  The mass flux through this 
area (0.18 lbs/day) represents only 3 percent of the total mass flux migrating off Site via 
the entire bedrock unit. Therefore, chemical migration from the area east of OW408B is 
not a significant off-Site discharge that requires corrective measures. 
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Although the chemical mass flux that crosses the west Plant boundary and the north 
Plant boundary west of OW408B is very small, corrective measures have been 
implemented to address the elevated chemical presence in these areas. 
 
A-Zone 
 
The most likely chemical mass flux crossing the Plant boundary in the A-Zone was 
estimated to be 0.003 lbs/day.  This represents 0.05 percent of the total chemical mass 
flux migrating off Site via the entire bedrock unit.  The chemical presence in the A-Zone 
is localized to small areas and has extremely limited potential for off-Site migration due 
to the low hydraulic conductivity of the unit (<1 x 10-7 cm/sec).  Therefore, corrective 
measures are not required to address the groundwater chemical presence in the A-Zone. 
 
NAPL was observed in only a few locations in the bedrock as shown on Figure 3.16 and 
discussed in Section 3.3.2.  Due to the NAPL's high specific gravity, it has migrated 
through the available fracture network to deeper units and has been observed to be 
present in the A-Well unit.  The pathway by which NAPL may have penetrated to the 
depth monitored by the A-Wells is uncertain.  Once the NAPL reaches the A-Zone, 
however, its ability to migrate further is very limited due to the low hydraulic 
conductivity of the A-Zone bedrock unit and the underlying Rochester Shale.  The low 
hydraulic conductivity of these units indicates the tight nature of these formations.  The 
presence of a regional upward gradient at this depth may also have a slight retarding 
effect on the downward migration of NAPL. 
 
The majority of NAPL observed in the bedrock was found in trace amounts and is not 
collectable.  Collectable quantities of NAPL were found in only three wells: OW402A, 
OW413A, and OW417A.  Corrective measures are required to address the presence of 
NAPL in these three wells. 
 
 
5.2 OVERBURDEN GROUNDWATER 

The OGCMS evaluated the chemical migration potential within perimeter and interior 
areas of the Plant.  Through the discussions held with the EPA/State, it was agreed that 
the primary objective of the OGCMS was to reduce the chemical loading crossing the 
Plant boundary.  The following section reviews the off-Site chemical migration patterns, 
and identifies where corrective measures are required. 
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5.2.1 PERIMETER AREAS 

The overburden groundwater flow leaving the Plant was subdivided into five flow 
zones as described in Section 3.4.1.1.  Figure 3.21 shows the location of the five perimeter 
flow zones.  The respective off-Site chemical flux estimates for each flow zone are as 
follows: 
 
  Most Likely 
  Off-Site Mass Flux expressed  
Flow  Flow as TOC/ TOX 
Zone Perimeter Area (gpd) (lbs/day) 

1 South Boundary 9,700 22.1 

2 East Boundary 540 0.02 

3 North Boundary - East 2,500 2.03 

4 North Boundary - West 2,200 0.3 

5 West Boundary  4   0.001 

   Total 24.4 

 
Flow Zone 1 - South Boundary 
 
The chemical mass flux from Flow Zone 1 represents 90 percent (22.1 lbs/day) of the 
total chemical mass flux leaving the Plant through the overburden groundwater 
(24.4 lbs/day).  The groundwater flow direction along the southern Plant boundary is 
initially to the south and then to the west following the alignment of the IIPT.  The flow 
is intercepted by the NYPA conduit drain system that eventually discharges to the lower 
Niagara River. 
 
No overburden groundwater discharge from the Plant enters the upper Niagara River as 
the construction of the Plant Barrier Wall and the existence/enhancement of the inward 
gradient through the wall have eliminated this possibility.  Nonetheless, Flow Zone 1 
will be further addressed to reduce the chemical mass flux leaving the Plant boundary. 
 
Flow Zone 2 - East Boundary 
 
The Flow Zone 2 chemical mass flux is very small comprising 0.1 percent (<0.1 lbs/day) 
of the total mass flux leaving the Plant through the overburden groundwater 
(24.4 lbs/day).  Figure 3.21 shows the groundwater flow paths for Flow Zone 2.  South 
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of Buffalo Avenue the groundwater flows south and east toward the S-Area.  The S-Area 
Barrier Wall prevents off-Site chemical migration from this portion of Flow Zone 2. 
 
Groundwater within the portion of Flow Zone 2 north of Buffalo Avenue flows east 
toward 56th Street, south toward Buffalo Avenue, and west toward 53rd Street.  The 
westerly and southerly component of groundwater flow is created by the influences of 
sanitary sewers beneath 53rd Street and Buffalo Avenue.  Off-Site chemical migration 
from these areas is captured by the sanitary sewers and treated at the WWTP.  The 
easterly component of groundwater flow exhibits extremely low levels of chemical 
presence as shown by SSI sampling.  Wells OW311 and OW323 have concentrations 
below 22 µg/L. 
 
Therefore, chemical migration from Flow Zone 2 is not a significant off-Site discharge 
that requires remediation. 
 
Flow Zone 3 - North Boundary – East 
 
The Flow Zone 3 chemical mass flux represents approximately 8 percent (2 lbs/day) of 
the total mass flux leaving the Plant through the overburden groundwater 
(24.4 lbs/day). 
 
The off-Site flow estimates show that approximately 2,500 gallons of groundwater per 
day cross the Plant boundary from this zone.  The westerly portion of this flow zone is 
captured by the Energy Boulevard Drain Tile System (EBDTS) which collects 
groundwater and NAPL.  The groundwater is discharged to the Iroquois Street sanitary 
sewer for treatment.  The NAPL is contained within a wet well and is periodically 
collected from the wet well and treated.  Flow measurements taken during dry weather 
conditions show groundwater collection rates ranging from 2.4 gpm (April 1982) to 
10.0 gpm (April 1991).  The average groundwater collection rate is 6.0 gpm or 
8,600 gallons per day.  The EBDTS creates a radial capture zone around the system and 
captures groundwater from areas north, south, east, and west of the system.  Assuming 
that half of this flow originates from off-Site areas, the remaining flow captured by the 
EBDTS is from the Plant perimeter (i.e., 4,300 gallons per day).  Off-Site groundwater 
flow from Flow Zone 3 was estimated to be 2,500 gallons per day.  Comparison to the 
EBDTS dry weather flow measurement average of 4,300 gallons per day shows that the 
EBDTS is effective in this flow zone and captures the majority of off-Site groundwater 
flow and chemical loading from this boundary of the Plant. 
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The EBDTS was installed to prevent groundwater from infiltrating into the storm sewer 
that was constructed to drain Energy Boulevard. The EBDTS is effective in reducing 
chemical loading in the storm sewer along Energy Boulevard to levels below discharge 
limits.  The storm sewer on Energy Boulevard extends substantially to the east and west 
of the EBDTS.  The chemical loading in the storm sewer remains below discharge limits 
supporting the postulation that the EBDTS captures the majority of off-Site chemical 
migration from Flow Zone 3. 
 
The effectiveness of the EBDTS is substantiated further by the Off-Site Investigation 
(OSI) and SSI sampling performed and the hydraulic monitoring data collected.  The 
analytical data presented in the OGCMS showed that the wells north of Energy 
Boulevard have minimal chemical presence.  Hydraulic monitoring data also show 
groundwater flow gradients to the EBDTS demonstrating effective capture of the off-Site 
overburden groundwater flow.  Consequently, the remediation for Flow Zone 3 is 
already in place and has been operating effectively since 1981. 
 
Flow Zone 4 - North Boundary – West 
 
The chemical mass flux from Flow Zone 4 represents approximately 1 percent 
(0.3 lbs/day) of the total chemical mass flux leaving the Plant boundary via the 
overburden groundwater (24.5 lbs/day). 
 
Figure 3.21 shows the groundwater flow pattern of Flow Zone 4.  Two groundwater 
flow directions exist in this zone; one flow component direction is toward the 47th Street 
sanitary sewer within the central area of this zone and one is a northwesterly component 
of groundwater flow that discharges to the Iroquois Street sanitary sewer.  Both systems 
discharge to the WWTP for treatment (i.e., Iroquois/47th Street sewers).  Subsequently, 
groundwater movement, although minor in mass and volume, ultimately drains into the 
respective sewers, which are treated. 
 
Groundwater movement to the north does not occur as demonstrated by the 
groundwater contours shown on Figure 3.21 and the low level of chemicals in the 
off-Site overburden groundwater wells north and west of this flow zone. 
 
The Iroquois Street sanitary sewer and its bedding is considered a preferential migration 
pathway for overburden groundwater.  Groundwater discharge may occur to the sewer 
itself or to the bedrock regime as this sewer bedding is located on top of or within the 
bedrock.  Groundwater discharge to the sanitary sewer is treated at the WWTP.  If 
discharge occurs to the bedrock, capture and treatment will occur through the bedrock 
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corrective measures.  Consequently, remedial efforts in this area are not required as a 
significant off-Site discharge does not occur. 
 
Flow Zone 5 - West Boundary 
 
The chemical mass flux from Flow Zone 5 represents <0.01 percent (<0.1 lbs/day) of the 
chemical mass flux leaving the Plant through the overburden groundwater 
(24.5 lbs/day).  The off-Site flow estimate for this flow zone is approximately 4 gallons 
per day. 
 
As shown on Figure 3.21, groundwater from this flow zone flows north toward Buffalo 
Avenue and west toward Iroquois Street due to the presence of sanitary sewers beneath 
these streets (Iroquois Street Sanitary Sewer).  Therefore, the minimal off-Site chemical 
migration that may occur from this flow zone will be captured by the sanitary sewer 
system and treated at the WWTP.   
 
The trace chemical mass flux from this flow zone is not a significant discharge that 
requires remediation. 
 
 
5.2.2 INTERIOR AREAS 

Due to groundwater flow patterns within the interior areas of the Plant, chemicals 
present within the overburden groundwater in the interior areas cannot migrate off Site 
via the overburden groundwater flow regime.  Consequently, remedial efforts in the 
overburden groundwater flow regime are not required in the interior areas. 
 
Groundwater flow within interior areas of the Plant migrates toward the sanitary and 
outfall sewer system.  Therefore chemicals in the groundwater have the potential to 
infiltrate into the sewers and migrate off Site.  The estimated total TOC/TOX chemical 
mass flux across the Plant boundary from the outfall and sanitary sewer systems is 
58.1 lbs/day and 45.2 lbs/day, respectively.  Therefore, corrective measures are required 
to reduce the chemical mass flux crossing the Plant boundary via outfall and sanitary 
sewers. 
 
 

 
  
 

2583 (191) 37 CONESTOGA-ROVERS & ASSOCIATES 



 
5.3 OVERBURDEN SOIL 

Overburden soil conditions at the Plant are affected by localized conditions such as 
geology, hydrogeology, chemical source areas, surface conditions, varying chemical 
composition, and hydraulic influences.  Therefore, different areas of the Plant may 
require specific remedial technologies to address the localized conditions encountered.  
Areas of NAPL presence and elevated chemical concentrations for dioxin, elemental 
phosphorus, and mercury are shown on Figures 3.17 through 3.20, respectively.   
 
The primary compounds of concern with respect to remediation of the above four 
chemical groupings are NAPL and dioxins.  Although elemental phosphorus is not a 
regulated compound, it was included as a chemical grouping due to its flammable 
nature when exposed to air. 
 
The four chemical groupings encountered at the Plant can be divided into seven areas 
that may need to be addressed.  These areas are summarized as follows: 
 
Area Chemical Group Current Status of Area 
 
• C/D-Area NAPL and dioxin Asphalt cap, NAPL collection trench 

• F-Area NAPL and dioxin Asphalt cap, gravel surface 
• T-Area NAPL Asphalt cap 
• U-Area NAPL Asphalt cap, gravel surface 

dioxin asphalt cap 
mercury asphalt cap, sheet pile wall  

 containment 

• N-Area NAPL Asphalt cap, NAPL collection 
trench/sump/wells 

• X-Area dioxin Soil/grass cap 
• V-Area elemental phosphorus Asphalt cap, gravel surface 

 
The only overlapping of areas with elevated chemical presence in the overburden soils 
occurs in the C/D-Area where the NAPL and dioxin areas overlap.  NAPL and dioxin 
have distinctly different chemical and physical characteristics and may need to be 
addressed differently even in areas where they are both present. 
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5.3.1 SOLID WASTE MANAGEMENT UNITS 

Within the Plant area there are areas where materials that contain hazardous waste 
constituents are managed or have been spilled historically.  The SWMUs at the Plant 
include storage areas, treatment systems, disposal areas, spill areas, containment cells, 
and the Plant sewer systems. 
 
The SWMUs capable of being potential sources of chemical release have been 
categorized according to the area of the Plant in which they are located.  These SWMUs 
are located in nine areas, the C-Area, D-Area, F-Area, M-Area, N-Area, T-Area, Mercury 
Cell Area, U-Area, and X-Area, as shown on Plan 2.  SWMUs that were not included in 
these areas have not released chemicals to the environment or exhibit a low potential for 
chemical release.  The S-Area and V-Area SWMUs are being addressed separately under 
the S-Area Settlement Agreement. 
 
All of the SWMUs listed in the 1988 RCRA Permit will be addressed as a part of a source 
area instead of on a unit-by-unit basis.  Any historic releases from these SWMUs will be 
addressed based on the chemical groups present in the overburden soil (i.e., NAPL, 
dioxin, elemental phosphorus, and mercury).  Any releases to the overburden 
groundwater from these SWMUs will be addressed by existing and proposed 
groundwater corrective measures.  The only SWMU listed in the 1988 RCRA Permit that 
requires remediation outside of the six source areas is the historic V-56 phosphorus 
storage area. 
 
 
5.3.2 SPILL AREAS 

Chemicals have been inadvertently spilled at the Plant during the course of production, 
storage, and handling.  Spills can be postulated to have occurred at or in the areas 
suspected to contain NAPL or waste based on field observations or in former 
production/storage areas of the Plant. 
 
All of the elevated concentration areas at the Plant are located within the immediate 
vicinity of current or historic storage or production areas.  It is likely that spills that 
occurred during the course of normal production/operation activities within these areas 
were the major sources of elevated chemical concentrations in the soil. 
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5.4 OFF-SITE AREAS 

5.4.1 OVERBURDEN GROUNDWATER 

Elevated chemical presence was not observed in 10 of the 12 OSI overburden wells 
located along the north and west boundaries of the Plant as described in Section 3.3.4.  
This shows that off-Site chemical migration through the overburden groundwater 
generally is limited to areas in close proximity to the Plant.  Therefore, corrective 
measures to address these areas are not required.   
 
Elevated chemical presence was observed in the northeast area at OW554.  Off-Site 
chemical migration in this area is being significantly retarded as evidenced by: 
 
• significant decrease in chemical concentrations (several orders of magnitude) 

between OW554 and on-Site wells; 

• chemical concentrations at three wells north of OW554 were less than 7 µg/L; and 

• the EBDTS prevents further off-Site chemical migration. 

 
Therefore, corrective measures to address this area are not required. 
 
Elevated chemical presence was also observed in the northwest area at OW559.  Off-Site 
chemical migration in this area is limited as evidenced by a significant decrease in 
chemical concentrations between OW559 and on-Site areas.  Therefore, corrective 
measures to address this area are not required. 
 
Elevated chemical presence (greater than 10 µg/L total organic SSI) was observed in 
areas south of the Plant and north of the RMP extending from the southwest corner of 
the Plant to the southeast corner of the N-Area but total organic SSI concentrations were 
less than 200 µg/L south of the RMP.  Hazardous waste constituents that have crossed 
the Plant boundary and entered the shotrock to the southwest of the Plant (Figure 3.9) 
have naturally attenuated to Class GA standards prior to entering the conduit drain 
system as shown by the results of SDCP and OSI sampling.  Based on these results and 
the large volumes of groundwater that would require extraction, OxyChem believes that 
it is unnecessary to attempt to capture hazardous waste constituents which have entered 
the shotrock southwest of the Plant. 
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5.4.2 OVERBURDEN NAPL PRESENCE 

The NAPL plume south of the U-Area shown on Figure 3.22 was defined by wells 
OW300 and BH7-89.  A small quantity of NAPL was observed in the form of very small 
droplets during the installation of OW300.  NAPL was not observed during subsequent 
well development or sampling for the Site-specific Indicator (SSI) program.  A small 
quantity of NAPL was observed in the form of very small droplets during the 
installation of BH7-89.  NAPL was not observed in the split spoons but was observed on 
the augers during removal.  A small quantity of NAPL was observed during SSI 
sampling but the quantity was insufficient to collect a sample for analysis.  Therefore, 
the overburden exhibits trace amounts of immobile NAPL which is isolated to the 
immediate vicinity of OW300 and BH7-89.  Thus, it is not practicable to remove the 
NAPL from these areas. 
 
The NAPL plume south of the N-Area shown on Figure 3.22 was defined by wells 
OW313, OW241 and OW524.  Wells OW241 (bedrock well) and OW524 were installed 
under the S-Area remedial program.  A trace quantity of NAPL was observed during the 
installation of OW524.  Well OW241 and OW524 are separated by wells OW523 and 
OW537.  Neither of these wells exhibited NAPL presence.  Therefore, the NAPL 
presence south of the N-Area is isolated to the area of OW241 which is approximately 25 
feet south of the Plant perimeter.  NAPL presence along the Plant perimeter is being 
addressed by the NAPL collection programs in-place for OW313 and the Outfall 003 
NAPL collection trench, the Stage 3 groundwater collection system, and by the S-Area 
barrier wall.  Therefore, additional NAPL collection is not necessary. 
 
 
5.4.3 BEDROCK GROUNDWATER 

Chemical presence in the off-Site D-, C-, and B-Zone bedrock groundwater to the north 
of the Plant was detected in a line of wells approximately 1,000 feet north of the Plant 
but at concentrations significantly lower (several orders of magnitude) than 
concentrations detected in wells along the Plant boundary as shown on Figures 3.12, 
3.13, and 3.14.  Although the chemical presence north of the Plant boundary is not 
significant, corrective measures may be required to address the chemical presence.  This 
is further discussed in Section 6.4.2. 
 
Elevated chemical presence in the off-Site D, C, and B-Zone bedrock groundwater to the 
west of the Plant was not observed as shown on Figures 3.12, 3.13, and 3.14, respectively.  
Therefore, corrective measures to address this area are not required.  Elevated chemical 
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presence observed in the immediate vicinity of the west Plant boundary will be 
addressed by on-Site bedrock groundwater corrective measures. 
 
 
5.4.4 BEDROCK NAPL PRESENCE 

NAPL within the bedrock was observed in off-Site areas (i.e., near Royal Avenue) but 
OxyChem believes that an off-Site source of NAPL exists north of Royal Avenue.  The 
geologic, hydrogeologic, and chemical distribution findings of the OSI support the 
conclusion that the chemistry noted in the vicinity of Royal Avenue did not originate 
from the Plant.  Therefore, remediation of the observed NAPL is not required under 
OxyChem's Corrective Action Program. 

 
  
 

2583 (191) 42 CONESTOGA-ROVERS & ASSOCIATES 



 
6.0 IMPLEMENTATION OF INTERIM CORRECTIVE MEASURES 

ICMs have been implemented at the Plant to address the remedial goals for three of the 
four Plant media that require corrective measures discussed in Section 5.0 (bedrock 
groundwater, overburden groundwater, and soil).  ICMs have not been implemented for 
off-Site areas at this time.  ICMs that have been implemented at the Plant are discussed 
in the following sections in the order in which they were implemented. 
 
 
6.1 BEDROCK GROUNDWATER 

A CMS for bedrock groundwater was completed in August 1992.  The remedial system 
chosen involved hydraulic containment, treatment, and monitoring of the chemical 
plume in the bedrock groundwater beneath the Plant and consisted of the following 
components: 
 
• A groundwater extraction system capable of creating a hydraulic barrier in the D, C, 

and B-Zones of the bedrock along the northern and western Plant property 
boundaries. 

• An on-Site groundwater treatment system capable of treating 800 gpm. 

• A hydraulic monitoring program to monitor the effectiveness of the hydraulic 
containment system. 

• A chemical monitoring program to verify long-term changes. 

 
The bedrock groundwater remedial system components collect and treat bedrock 
groundwater flow at the north and west (downgradient) boundaries of the Plant except 
the east portion of the north Plant boundary (east of OW408).  Concentrations of 
Site-related chemicals in the bedrock groundwater in the eastern downgradient area are 
low and have been decreasing over time.  Therefore, as discussed in Section 5.1, 
corrective measures are not needed in this area. 
 
In addition, an ICM was implemented to address the presence of NAPL within the 
bedrock.  The ICM consisted of the following components: 
 
• NAPL collection from on-Site bedrock wells where substantial quantities of NAPL 

could be recovered. 

• treatment of collected NAPL. 
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Each of these ICMs is discussed below. 
 
 
6.1.1 EXTRACTION AND TREATMENT SYSTEM 

The primary goals of the bedrock groundwater remedial system are to restrict off-Site 
migration of hazardous waste constituents in the bedrock groundwater (Goal 1) and to 
reduce the concentration of hazardous waste constituents within the bedrock 
groundwater with time (Goal 9).  A hydraulic barrier in the D, C, and B-Zones was 
created along the north and west Plant boundaries by operating a groundwater 
extraction and treatment system as shown on Figure 6.1. 
 
The extraction and treatment system consists of 19 extraction wells (six D-Zone wells, six 
C-Zone wells, and seven B-Zone wells), a connecting forcemain, and an on-Site 
treatment system.  The location of each extraction well nest is shown on Figure 6.1.  The 
extraction wells were installed with 6-inch diameter open bedrock coreholes to 
accommodate high rate pumps.  A carbon treatment facility was constructed in the 
F-Area to treat the extracted groundwater before discharging the water to Outfall 007.  
The treatment facility and forcemain system is shown on Figure 6.2. 
 
OxyChem began operating the bedrock groundwater extraction and treatment system 
on April 1, 1996.  Operation of the bedrock groundwater extraction and treatment 
system is being implemented in three phases as described in the document entitled 
“Corrective Measures Implementation, Bedrock Groundwater Remediation, Design 
Report (30 Percent Completion)”, dated June 1993.  The three phases are: 
 
Phase I - Startup; 
Phase II - Optimization; and 
Phase III - Full-scale operation. 
 
OxyChem completed Phase I and the original Phase II period (one year) as discussed in 
the “One Year Performance Evaluation”, dated July 1997.  The Phase II optimization 
period has been extended because the system could not be operated at the desired flow 
rate due to higher than anticipated vinyl chloride concentrations and the need for an 
increase in treatment capacity.  An air-stripping/thermal oxidation system is currently 
under construction at the treatment facility to address the presence of vinyl chloride in 
the D-Zone bedrock groundwater regime.  The treatment system upgrade will be 
operational by late-1998.  Phase III will commence when the treatment system has been 
completed and the optimum flow rate for containment has been achieved. 
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The treatment system currently consists of an equalization tank and two sets of three 
carbon beds in series.  The current pumping rate is approximately 740 gpm from the 
three zones (100 gpm from the D-Zone, 600 gpm from the C-Zone, and 40 gpm from the 
B-Zone).  After planned modifications are made, the treatment system will consist of an 
equalization tank, an air stripping/thermal oxidation system, and three sets of two 
carbon beds in series.  The modifications will allow the treatment system to 
accommodate a maximum flow rate of 1,200 gpm.  The air stripping/thermal oxidation 
system has been installed and the carbon beds are currently being realigned.  The 
anticipated flow rate to achieve complete hydraulic containment is approximately 
1,000 gpm.  A flow diagram for the planned modifications is shown on Figure 6.3. 
 
Consistent bedrock hydraulic containment has not yet been attained along the north and 
west Plant boundaries; however, OxyChem anticipates that when the pumping rates are 
increased to the target levels (1,000 gpm), complete on-Site hydraulic containment of 
bedrock groundwater will be achieved. 
 
The fourth semi-annual performance evaluation for the bedrock groundwater extraction 
and treatment system concluded the following: 
 
• hydraulic containment was maintained in the D-Zone from December 1997 to 

April 1998 as shown on Figure 6.4.  The capture zone extended up to 500 feet off-Site.  
Local inward gradients were present in two to four of the seven flow zones during 
the monitoring events; 

• hydraulic containment was maintained in the C-Zone from December 1997 to 
April 1998 as shown on Figure 6.5.  The capture zone extended up to 600 feet off-Site.  
Local inward gradients were present in two to five of the seven flow zones during 
the monitoring events; 

• hydraulic containment was maintained in the B-Zone groundwater flow regime by 
pumping the existing B-Zone extraction wells at a total rate of approximately 40 gpm 
as shown on Figure 6.6.  The capture zone extended up to 1,000 feet off-Site.  Local 
inward gradients were present in two to three of the eight flow zones; 

• total organic SSI concentrations in the majority of the wells included in the Year Two 
sampling program have decreased compared to the previous sampling event as 
shown in Table 6.1; and 

• the groundwater extraction system has been effective in removing chemicals present 
in the bedrock groundwater flow system.  The chemical loading to the treatment 
system for the March 1998 monitoring event was 30 lbs/day. 
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6.1.2 NAPL REMOVAL 

A NAPL recovery program has been implemented to provide containment of NAPL in 
the bedrock beneath the Plant.  The program involves the collection of NAPL from any 
bedrock well exhibiting substantial collectable quantities of NAPL.  There are only three 
bedrock wells that exhibit collectable quantities of NAPL, OW402A, OW413A, and 
OW417A. 
 
The current program to address the presence of NAPL in the bedrock involves NAPL 
collection and/or monitoring in 17 A-Zone wells as shown on Figure 6.7.  The schedule 
for NAPL recovery and collection activities for the bedrock regime is summarized 
below. 
 
• All bedrock A-Zone wells are checked for NAPL presence on an annual basis.  If 

NAPL is detected in an A-Zone well, the corresponding B-Zone well also is checked 
for NAPL. 

• NAPL is collected on a semi-annual basis from wells OW402A and OW413A.  If the 
volume of NAPL collected from either well is greater than 100 gallons during any 
one event, the collection frequency increases to quarterly until the volume collected 
in one event is less than 50 gallons, after which semi-annual pumping resumes. 

• NAPL is collected from well OW417A on an annual basis.  If the volume of NAPL 
collected during any one event is greater than 100 gallons, the pumping frequency 
increases to quarterly until the volume of NAPL collected in one event is less than 
50 gallons, after which annual pumping resumes. 

 
Collected NAPL currently is incinerated at OxyChem’s LTDU. 
 
The following amounts of NAPL have been collected from these wells as of the end of 
1997: 
 
 Amount of NAPL 
 (gallons) 
 
OW402A 5,700 
OW413A 320 
OW417A 25 
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The collection and incineration of NAPL from the bedrock beneath the Plant is 
consistent with Goal 9 – reduction of the concentration of hazardous waste constituents 
within the bedrock groundwater with time. 
 
 
6.2 OVERBURDEN GROUNDWATER 

The second phase of the CAP addressed chemical presence in the overburden 
groundwater beneath the Plant.  The area identified for corrective measures as discussed 
in Section 5.2 were: 
 
Perimeter Areas - Flow Zone 1 

 Flow Zone 3 

Interior Areas - Sanitary Sewer System 

 Outfall Sewer System 

 
The ICMs implemented for the above are described below. 
 
 
6.2.1 PERIMETER AREAS 

The remedial concept for the identified perimeter areas is to establish hydraulic 
containment along the Plant boundary to restrict off-Site chemical migration.  The 
hydraulic containment concept is illustrated on Figure 6.8. 
 
 
6.2.1.1 FLOW ZONE 1 

The corrective measures for Flow Zone 1 were implemented in four stages as described 
below: 
 
Stage 1 
 
The Stage 1 groundwater collection system was created along the southern boundary of 
the Plant by converting abandoned Outfall 002 into a groundwater collection system.  
The system is located immediately downgradient of Flow Zone 1 as shown on Figure 6.9 
and consists of five manholes connected by approximately 1,300 feet of 36-inch diameter 
pipe.  The invert of the sewer is approximately 12 to 15 feet below ground surface. 
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The Stage 1 system collects overburden groundwater leaving the Plant from Flow 
Zone 1. 
 
The conversion of Outfall 002 into a groundwater collection system was completed by: 
 
- installing a pumping system in MH A; 

- constructing a forcemain to connect MH A to the existing U-Area carbon treatment 
system; and 

- adding a pH adjustment unit adjacent to the U-Area carbon treatment system to 
reduce the pH of the groundwater prior to carbon treatment.   

 
Seven overburden monitoring wells were installed to create four well pairs (with 
existing well OW314) straddling the collection system.  The well pairs are used to 
determine if pumping will create a hydraulic gradient toward the system. 
 
The underground portion of the Stage 1 system was completed in May 1996 and the 
above ground portion (pH adjustment unit) was completed in May 1997.  The system 
commenced operation in June 1997.   
 
Stage 2 
 
Stage 2 of the Flow Zone 1 corrective measure was to monitor the performance of the 
Stage 1 system for a period of 3 months to determine if enhancements were necessary to 
achieve hydraulic containment.  The monitoring showed that a hydraulic connection 
between MH A and MH E could not be established.  This is contrary to the results of a 
pumping test performed on Outfall 002 in August 1995 that showed all manholes were 
hydraulically connected. Based on the lack of a hydraulic connection, OxyChem 
implemented Stage 3 and Stage 4 concurrently, which are described below.  
 
Stage 3 
 
Stage 3 of the Flow Zone 1 corrective measure consisted of enhancements to the Stage 1 
system to create a hydraulic connection between the manholes and improve 
groundwater collection performance.  OxyChem initially planned to clean out the 
Stage 1 system but, after subsequent review, OxyChem revised the plan.  The revised 
plan involves the installation of a new collection pipe in granular backfill directly on top 
of the existing 36-inch diameter 002 Outfall pipe.  Replacing the existing 36-inch 
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diameter pipe with a new collection pipe will provide a system capable of producing the 
collection rates necessary to achieve hydraulic containment without additional 
enhancements.  The new system will be able to collect more groundwater than the 
36-inch diameter existing pipe. The new system will collect water through perforated 
pipe and granular backfill whereas the existing 36-inch diameter pipe could only collect 
groundwater through joints and cracks and native material backfill which is 
substantially less permeable. 
 
The new collection system will consist of a 6-inch diameter perforated HDPE collection 
pipe on top of the existing 002 Outfall pipe.  The new collection pipe also will be 
extended further east past MH-E approximately 230 feet as shown on Figure 6.9.  The 
depth of the new collection pipe will be approximately 9 to 12 feet below ground 
surface.  The collection trench will be backfilled with NYSDOT 1A gravel to 
approximately 3 feet below ground surface and the remaining 3 feet will be backfilled 
with low hydraulic conductivity clay.  The collection pipes will be pulled through 
coreholes drilled through the existing manholes and grouted in place. 
 
Construction of the Stage 3 system was be completed in September 1998. 
 
Stage 4 
 
The Stage 4 groundwater collection system was constructed southwest of the Plant to 
supplement the Stage 1 system by collecting overburden groundwater flow across the 
southwest corner of the Plant.  The Stage 4 system consists of a 740-foot long 
groundwater collector extending west along the Plant boundary from Outfall 002 at 
MH-A to the southwest corner of the Plant as shown on Figure 6.9 (WW1 to CMH1).  A 
second section of groundwater collector was installed along the Plant boundary 
extending northwest to Adams Avenue as shown on Figure 6.9 (WW2 to CMH2).  The 
groundwater collection system was installed along the top of the clay/till confining unit 
to the extent possible.  Six overburden wells were installed to create three monitoring 
well pairs straddling the collection system. 
 
The Stage 4 system intercepts and collects groundwater from the area of greatest off-Site 
chemical loading (estimated to be 19.5 lbs/day of the total 22 lbs/day) from Flow 
Zone 1.  The other portion of Flow Zone 1 is addressed by the Stage 1 and Stage 3 
systems. 
 
The Stage 4 system commenced operation in August 1998. 
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6.2.1.2 FLOW ZONE 3 

In 1979, a storm water collection system was installed beneath Energy Boulevard as part 
of road and access improvements.  The Energy Boulevard storm sewer system 
discharges to an off-Site section of Outfall 004 immediately north of the northern Plant 
boundary at 47th Street.  Historic SPDES sampling showed elevated organic chemical 
presence in this storm system as a result of groundwater infiltration.  The EBDTS was 
installed in 1980 parallel to and at an elevation below the invert of the storm sewer 
system to prevent infiltration of overburden groundwater and NAPL into the sewer. The 
location of the EBDTS is shown on Figure 6.8.   
 
The EBDTS consists of approximately 500 feet of perforated collection tile that drains to 
a dual stage wet well chamber.  NAPL is pumped from the first stage wet well for 
treatment before the NAPL level reaches 36 inches above the wet well bottom 
(approximately 250 gallons).  NAPL has been removed from the first stage wet well 
20 times in the past 17 years (1981 to 1998).  Approximately 4,800 gallons of NAPL has 
been collected by the system.  Groundwater in the first stage wet well overflows to the 
second stage wet well where it is pumped through overhead piping to the Iroquois 
Street sanitary sewer.  Both the Energy Boulevard storm sewer discharge and the EBDTS 
groundwater discharge are monitored on a regular basis pursuant to their respective 
discharge permits. 
 
The westerly portion of overburden Flow Zone 3 is captured by the EBDTS.  Flow 
measurements taken during dry weather conditions show groundwater collection rates 
ranging from 2.4 gpm (April 1982) to 10 gpm (April 1991).  The average groundwater 
collection rate is 6 gpm or 8,600 gpd.  The EBDTS creates a radial capture zone around 
the system.  Assuming that half of this flow originates from off-Site areas, the remaining 
flow captured by the EBDTS is from the Plant perimeter (i.e., 4,300 gpd).  Off-Site 
groundwater flow from Flow Zone 3 was estimated to be 2,500 gpd.  Therefore, the 
EBDTS is effective and likely captures most of the off-Site groundwater flow and 
chemical loading from Flow Zone 3. 
 
The EBDTS was installed to prevent groundwater from infiltrating into the storm sewer 
which had been constructed to drain Energy Boulevard.  The EBDTS has been effective 
in reducing chemical loading in the storm sewer along Energy Boulevard to levels below 
discharge limits.  It should be noted that the storm sewer on Energy Boulevard extends 
substantially to the east and west of the EBDTS.  The fact that chemical loading in the 
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storm sewer remains below discharge limits supports the postulation that the EBDTS 
captures the majority of off-Site chemical migration from Flow Zone 3. 
 
The effectiveness of the EBDTS is further substantiated by OSI and SSI sampling 
performed and the hydraulic monitoring data collected.  The analytical data presented 
in the OGCMS show that the wells north of Energy Boulevard have minimal chemical 
presence.  Hydraulic monitoring data also show groundwater flow gradients to the 
EBDTS demonstrating effective capture of the off-Site overburden groundwater flow.  
Consequently, the remediation for Flow Zone 3 is already in place and has been 
operating effectively since 1981. 
 
 
6.2.2 INTERIOR AREAS 

6.2.2.1 GROUNDWATER INFILTRATION TO SANITARY SEWER SYSTEM 

Historic sewer installations at the Plant did not use watertight construction materials 
and methods.  Consequently, groundwater infiltration into the sanitary sewer system 
occurred.  Throughout the late 1970s and to the present, OxyChem has been upgrading 
the sewers to improve the quality of the water leaving the Plant.  A chronological list of 
sanitary sewer modifications made at the Plant is presented in Table 6.2. 
 
The results of the sanitary sewer modifications are consistent with Goal 4 – restrict 
discharge of OxyChem hazardous waste constituents to the sanitary sewers and have 
resulted in significant loading reductions or improved (i.e., decreased) discharges from 
the Plant sanitary sewer network.  Total organic loadings, consisting of toluene, 
benzene, and selected chlorinated compounds decreased by approximately 37 percent 
from 30.5 lbs/day in 1984 to 19.3 lbs/day in 1990.  The current total organic loading in 
the sanitary sewer system is less than 5 lbs/day. 
 
At this time, OxyChem will not propose corrective measures on the sanitary sewer 
system at the Plant.  The sanitary systems currently operate within the discharge limit 
established by the City of Niagara Falls (and the WWTP SPDES Permits); and secondly, 
these systems provide an essential component of groundwater collection within the 
Plant area and at the Plant boundary.  SDCP estimates show that the loading to the 
sanitary sewers accounts for approximately 34 percent (45 lbs/day) of total chemical 
mass flux leaving the Plant via the overburden groundwater flow regime.  Elimination 
of this flow to the sanitary system by remedial efforts on the sewers would divert this 
flow and loading to outfall sewers or off-Site areas.  This would lead to the need for 
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additional remedial collection systems and components in areas not required at this 
time.  As conditions currently exist, the overburden flow which discharges to the 
sanitary sewer is treated prior to discharge to the Niagara River.  The sanitary sewer 
system is an effective collection system and as such will remain part of the overall Plant 
remedial plan. 
 
The WWTP was originally built with the intent of providing treatment for industrial 
discharges.  OxyChem played a major role through the Industrial Liaison Group that 
pushed to have the WWTP built and was the largest contributor.  OxyChem therefore 
believes that to continue using the WWTP is an appropriate action. 
 
In the event the City cannot meet its discharge requirements imposed by the SPDES 
permit on the WWTP discharge, OxyChem will cooperate with the City to evaluate 
OxyChem's sanitary discharge and implement corrective measures on the on-site 
sanitary sewer system. 
 
OxyChem has reviewed the most recent permit renewal application and the resulting 
City of Niagara Falls wastewater discharge permit for the Plant as requested by 
EPA/State.  The purpose of the review was to determine if the City is aware that 
groundwater infiltration into the sanitary sewer system is discharged to the City 
wastewater treatment plant under the requirements of the CAP.  The existing discharge 
permit is presented in Appendix A. 
 
The permit renewal application of June 1995 specifies all sources of water that will be 
discharged to the City’s sanitary sewer system from the Plant.  The application states 
that groundwater is a component of the discharge to the City sanitary sewer system 
from both of the on-Site sanitary sewer systems.  (One discharges on Iroquois Street and 
the other discharges on 47th Street.)  The October 1995 discharge permit was issued by 
the City based on the information contained in the permit renewal application.  The 
permit itself does not specify sources of water to be discharged to the sanitary sewer 
systems.  Therefore, based on the information contained in the permit renewal 
application, the City is aware that groundwater is a source of water and will be for the 
duration of the permit. 
 
The permit has a duration of five years.  Each subsequent permit renewal application 
will list groundwater as a source of discharge to the sanitary sewer system.  The Plant’s 
discharge permit should be renewed every five years as long as the City’s SPDES 
discharge limits are being achieved.  Therefore, as long as the Plant is operating and 
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discharging water to the sanitary sewer system, groundwater will be permitted for 
discharge to the sanitary sewer system. 
 
 
6.2.2.2 GROUNDWATER INFILTRATION TO OUTFALL SEWER SYSTEM 

OxyChem has made numerous modifications to the outfall sewer network beneath the 
Plant to reduce chemical loadings to the Niagara River.  Modifications have included 
abandoning sewer sections in demolished areas of the Plant, replacing sewers with 
watertight piping, lining existing sewer pipes, repairing and parging manholes, cleaning 
and conducting video inspections of sewers, and sampling sewer flows. 
 
Outfall sewer modifications have reduced the total loading of chlorinated compounds 
and benzene and toluene to the Niagara River from the outfall sewers from 
approximately 119 lbs/day in 1984 to 8 lbs/day in 1990 for the sum of the outfalls.  The 
current loading to the river from the outfall sewers is less than 5 lbs/day.  The results of 
the outfall sewer modifications are consistent with Goal 3 – restrict discharge of 
OxyChem hazardous waste constituents to the outfalls. 
 
The following paragraphs describe modifications that have been made to the outfall 
sewer network since 1981 to reduce chemical loading.  A chronological list of outfall 
sewer modifications made at the Plant is presented in Table 6.2. 
 
Outfall 001 
 
Modifications to Outfall 001 included lining the southern section of the outfall and 
abandonment of several sections of sewer beneath the U-Area.  Other modifications 
have included the following: 
 
- installation of a pH adjustment unit at MH585; 

- construction of a new sewer connection from Building U-87; 

- manhole restoration, including cleaning, parging, pressure grouting manhole 
exteriors, and lining manhole interiors; 

- sewer cleaning; and 

- inspection and sampling activities. 

 
MH/CB2 was grouted to eliminate an infiltration source identified during the Phase II 
sewer investigation. 
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Outfall 002 
 
In 1982, OxyChem diverted the flows entering Outfall 002 and abandoned the entire 
Outfall 002 system, eliminating the associated chemical loading to the Niagara River. 
 
Outfall 003 
 
Numerous sections of Outfall 003 have been abandoned as described in Table 6.2.  
Portions of Outfall 003 have been reconstructed and replaced with watertight fused 
HDPE pipe as part of S-Area remedial construction activities. 
 
Sediment in CB9, west of MH770, was removed and the catchbasin was cleaned to 
eliminate a chemical loading source identified during the Phase II sewer investigation.  
A video inspection of the outfall sewer between CB9 and MH770 was conducted to 
determine potential water sources.  A process related flow entering the sewer through a 
blind connection was identified adjacent to Building N-21 and the flow was diverted to 
the sanitary sewer network where it could be treated. 
 
Outfall 004 
 
Numerous sections of Outfall 004 have been abandoned as described in Table 6.2.  In 
1981, a groundwater collection system was installed to reduce groundwater infiltration 
into the Energy Boulevard drain tile system.  Operation of this system has lowered the 
overburden groundwater table, thereby preventing groundwater infiltration into the 
outfall. 
 
Outfall 005 
 
Numerous sections of Outfall 005 have been abandoned as described in Table 6.2.  In 
1986, OxyChem installed an Insituform liner in the gravity section of the 42-inch 
diameter outfall pipe extending from MH159A (at the end of the forcemain exiting the 
H-20 Lift Station) to MH159N (near the K-28 Lift Station).  During 1991 and 1992, 
sections of Outfall 005 were cleaned and additional lining installed, manholes were 
cleaned and grouted, the K-28 Lift Station chambers were cleaned, sewers were 
reconstructed, and gravel surface areas were paved, reducing infiltration to Outfall 005.  
Additional cleaning and repair to the K-28 Lift Station chambers and to Outfall 005 
manholes were performed in September 1996 and June 1998. 
 

 
  
 

2583 (191) 54 CONESTOGA-ROVERS & ASSOCIATES 



 
An outfall sewer investigation was performed in July 1995 pursuant to the OGCMS to 
further restrict discharge of chemicals to the Outfalls.  The investigation identified sewer 
sections where groundwater infiltration was contributing chemical loading to the 
system.  The results of the investigation were described in the report entitled “Outfall 
Sewer Investigation – Phase I Report and Phase II Recommendations”, dated 
September 1995.  A subsequent investigation was performed in November 1995 to 
further define chemical loading sources in the outfall sewers.  The results of the second 
investigation were described in the report entitled “Outfall Sewer Investigation – 
Phase II Report and Corrective Measures Implementation Plan”, dated June 1996. 
 
The investigation identified four areas of groundwater infiltration that needed to be 
addressed.  Corrective measures for three of the four areas were completed as follows: 
 
 Area Date Completed 

• repair of infiltration point in MH/CB2 on Outfall 001 September 1996 

• remove sediment from CB9 west of MH770 on Outfall 003 September 1996 

• address chemical presence in Outfall 003 between  

MH770 and CB9 

- video inspection  September 1996 

- divert section to sanitary sewer June 1998 

 
The fourth outfall sewer corrective measure was to repair MH2 of Outfall 003.  This 
activity must be performed under dry conditions and therefore is scheduled to be 
performed during the next shutdown of Outfall 003.  OxyChem will continue to 
implement corrective measures to the outfall sewer system as dictated by SPDES 
monitoring results. 
 
 
6.2.3 OVERBURDEN BARRIER WALL 

Three barrier walls have been constructed south of the Plant; the NYPA intake wall, the 
Plant barrier wall, and the S-Area barrier wall.  These walls form a continuous physical 
barrier to prevent Plant overburden groundwater from migrating to the upper Niagara 
River.  The NYPA intake wall, which extends from the NYPA water conduits at the west 
end to the Plant barrier wall at the east end, was constructed between 1959 and 1960 as 
part of the intake structures and water conduits.  The concrete NYPA intake wall was 
constructed from the ground surface and extends 60 to 80 feet below the top of the 
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bedrock.  The Plant barrier wall, which extends from the NYPA intake wall at the west 
end to the S-Area barrier wall at the east end, was constructed between 1993 and 1994.  
The Plant barrier wall, which is a soil-bentonite slurry wall sandwiched between sheet 
pile walls, was constructed from near the ground surface to the clay/till confining layer 
or the top of bedrock.  The southern segment of the S-Area barrier wall, which encircles 
the S-Area and the southern portion of the V-Area, was constructed in 1994.  The S-Area 
barrier wall, which also is a soil-bentonite slurry wall sandwiched between sheet pile 
walls, was constructed from near the ground surface to the clay/till confining layer or 
the top of bedrock. 
 
These barrier walls have severed the direct hydraulic link between the overburden 
groundwater flow regime and the Niagara River. 
 
 
6.3 OVERBURDEN SOILS 

The third phase of the CAP addressed chemical presence in the overburden soil beneath 
the Plant.  Overburden soil conditions beneath the Plant are affected by localized 
conditions such as geology, hydrogeology, chemical source areas, surface conditions, 
chemical composition, and hydraulic influences.  Therefore, different areas of the Plant 
require specific remedial technologies to address the localized conditions encountered.  
The four chemical groupings encountered at the Plant (NAPL, dioxin, elemental 
phosphorus, and mercury) can be divided into seven areas that need to be addressed as 
follows: 
 
• C/D-Area NAPL and dioxin; 

• F-Area NAPL and dioxin; 

• T-Area NAPL; 

• U-Area NAPL, dioxin, and mercury; 

• N-Area NAPL; 

• X-Area dioxin; and 

• V-Area elemental phosphorus. 

 
The only overlapping of areas with elevated chemical presence in overburden soil 
occurs in the C/D-Area where the NAPL and dioxin areas overlap.  NAPL and dioxin 
have distinctly different chemical and physical characteristics and may need to be 
addressed differently even in the areas where they are both present. 
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Plant SWMUs will be addressed as part of six potential source areas.  ICMs have been 
conducted to address several individual SWMUs and some of the chemical presence 
areas described above. 
 
 
6.3.1 SOLID WASTE MANAGEMENT UNITS 

During the development of the Source Investigation Program (SIP) all SWMUs listed in 
the 1988 Plant RCRA Permit were evaluated for their potential to release chemicals to 
the environment and their ability to act as continuing chemical source areas.  This 
included an evaluation of historic landfills, dewatering, and spill areas.  Based on this 
evaluation, specific areas were defined within the C-Area, D-Area, F-Area, M-Area, 
N-Area, and U-Area that contain all of the SWMUs capable of being potential sources of 
chemical releases.  These areas are shown on Plan 2.  Any historic releases from these 
SWMUs will be addressed based on the chemical categories present in the overburden 
soil beneath the Plant (i.e., NAPL, dioxin, elemental phosphorus, and mercury).  The 
existing and proposed groundwater remedies will address any releases to the 
overburden groundwater. 
 
SWMUs that were not included in the above six areas have not released chemicals to the 
environment and have a low potential for future chemical release.  The only SWMU 
listed in the 1988 RCRA Permit that requires additional remediation outside of the six 
source areas is the historic V-56 phosphorus storage area. 
 
Since 1988 when the six source areas were identified, three additional SWMUs have 
been identified at the Plant.  These additional SWMUs are presented on Plan 2 and 
include: 
 
• T-Area; 

• Mercury Cell Area; and 

• X-Area. 

 
The assessment of the T-Area SWMU concluded that the petroleum presence within the 
T-Area is an extremely localized occurrence.  Therefore, this unit is not a significant 
source of chemical release that requires remediation. 
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Interim corrective measures for the Mercury Cell Area (former Building U-75) were 
completed in January 1992.  A description of the interim corrective measures 
implemented is presented in the document entitled "Implementation Report, Building 
U-75 Interim Corrective Measure", August 1992.  During the interim corrective 
measures, more than 33 tons of mercury were recovered from the area.  The remaining 
trace amounts of mercury were contained within a sheet pile wall that encircled all of 
Building U-75 and was keyed into the native till confining unit.  Although the Mercury 
Cell Area was considered as a potential contributor of mercury to the overburden 
groundwater, mercury presence has only been detected at very low concentrations in the 
groundwater beneath this area.  Therefore, the mercury presence in the soil beneath the 
Mercury Cell Area has been addressed and is no longer a potential source for elevated 
mercury concentrations in the surrounding soil or groundwater. 
 
Interim corrective measures for the X-Area, which included a soil cap, were completed 
in June 1992.  A description of the implemented interim corrective measures is presented 
in the document entitled "X-Area Corrective Measures Implementation Report", 
August 1992.  Structures in the X-Area were demolished in 1988, vegetation was cleared 
and the entire area was capped in 1991.  A groundwater monitoring program for this 
area has been implemented.   
 
Interim corrective measures have been performed to address the W-107 Hypo-Mud 
Dewatering Area.  These actions were performed between 1960 and 1962 and included 
the excavation of dewatered hypo-mud and capping the area with asphalt and 
buildings.  The hypo-mud was determined to be non-hazardous by the EP toxicity test 
and is currently disposed of at a sanitary landfill.  Therefore, the hypo-mud dewatered 
at W-107 would similarly be considered non-hazardous.  Chemical presence due to 
hypo-mud dewatering (phosphite) is limited to the immediate vicinity of the dewatering 
area. 
 
Interim corrective measures have been performed to address the V-56 elemental 
phosphorus storage and spill area.  These actions were performed in 1982 and included 
removal of the storage tanks and covering the area with gravel or asphalt.  The 
assessment of the area concluded that phosphorus presence is limited to the immediate 
area of the historical storage tanks. 
 
Included in the six source areas are historic landfills which were located within the D, F, 
and N-Areas of the Plant.  The landfills primarily contained chlorotoluenes, 
chlorobenzenes and inorganic wastes, and chlorobenzenes and chlorotoluenes, 
respectively. 
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The materials deposited at the historical landfills have been largely removed and 
landfilled at other sites.  For example, wastes were removed from the F-Area landfill 
after 1946 as part of Plant expansion in this area.  Thus, it was expected that these 
landfills either no longer exist or the waste materials remaining at the historic landfill 
locations are small in volume.  Work performed pursuant to the SDCP and SIP did not 
identify any large areas filled with waste, which confirmed this.  
 
The S-Area and V-Area landfill SWMUs are being addressed separately under the 
S-Area Settlement Agreement and are not discussed in this report. 
 
Chemicals may have been spilled inadvertently at the Plant during the course of 
production, storage, and shipping.  Spills can be postulated to have occurred at or in the 
areas suspected to contain NAPL or waste based on field observations or in former 
production/storage areas of the Plant. 
 
There are four general elevated chemical concentration groupings within the Plant soils 
as indicated in Section 3.3.3; NAPL, dioxins, elemental phosphorus and mercury.  All of 
these elevated concentration areas are located within the immediate vicinity of current 
or historic storage or production areas.  It is likely that spills during the course of normal 
production/operation activities within these areas were the major source of these 
elevated chemical concentrations in the overburden soil. 
 
 
6.3.2 INSTITUTIONAL CONTROLS 

Restrictions will be placed on the deed for the Plant to ensure that future owners of the 
property are aware of the NAPL, dioxin, and elemental phosphorus presence in the 
overburden soil.  The deed restrictions will include a description of the potential areal 
and vertical presence of the chemicals, typical properties of the chemicals, a list of the 
potential human exposure routes, and a reference to the Plant Health and Safety Plan for 
Construction Activities (HASP). 
 
OxyChem has developed and implemented a standard operating procedure (SOP) for 
conducting subsurface excavations at the Plant.  The SOP was submitted to the State in 
June 1997 and approved in a letter dated July 29, 1997.  The SOP includes procedures for 
soil and water handling and presents plans showing the potential areal and vertical 
extent of NAPL, dioxin, and elemental phosphorus, and procedures to reduce the 
potential for worker exposure.  The SOP also contains procedures to ensure that the 
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confining clay/till unit is not penetrated during construction activities.  The SOP is 
referred to by Plant personnel and contractors before any subsurface work at the Plant is 
performed to restrict the potential for disturbance of the soils, prevent chemical 
migration, and to protect workers who may perform excavation activities. 
 
An OxyChem SOP also has been developed for repair of watermains.  The SOP contains 
procedures to flush out any groundwater that may have centered the watermain from 
an excavation during repair activities. 
 
The Plant perimeter fence and security system will be maintained to ensure that 
unauthorized people cannot access the Plant soil.  This will ensure that people who are 
unaware of the chemical presence in the soil will not be exposed inadvertently. 
 
 
6.3.3 MAINTENANCE OF COVER MATERIALS 

The areas of dioxin and elemental phosphorus presence shown on Figures 3.18 and 3.19, 
respectively, have been covered with a cap consisting of either 6 inches of granular 
material, 6 inches of granular material and 3 inches of asphalt, or 6 inches of clean 
topsoil vegetated with perennial grasses as required.  
 
All areas with elevated dioxin concentrations have been capped with granular, hard, or 
grassed surfaces and additional capping is not required. 
 
The area of potential elemental phosphorus presence in the V-Area is already 
completely covered with asphalt.  Therefore, no capping is required for elemental 
phosphorus. 
 
Capped areas and existing asphalt, concrete, impoundment and grassed surfaces will be 
inspected and maintained regularly to ensure their integrity.  Special permission is 
required by Plant Environmental to store equipment or for parking vehicles on asphalt 
capped areas. 
 
 
6.3.4 NAPL EXTRACTION AND TREATMENT 

Mobile NAPL that is detected during construction activities will be extracted using 
either extraction wells or an extraction trench.  The most suitable extraction method will 
be chosen depending on local conditions such as underground utility congestion, soil 
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porosity and quantity of mobile NAPL available for extraction.  Extracted NAPL will be 
treated either on Site at the Plant's LTDU or off Site at an approved facility.  NAPL 
encountered in sewers during maintenance or construction activities will be extracted 
and treated. 
 
An ongoing NAPL collection program has been implemented at the Plant.  NAPL is 
monitored and collected if necessary from the Outfall 003 NAPL collection trench, 
OW313, abandoned sewer manholes, and two NAPL collection sumps in the N-Area.  
The location of these collection points is shown on Figure 6.10.  The results of NAPL 
collection activities are submitted to the State annually. 
 
The SOP for conducting subsurface excavations contains procedures to implement the 
NAPL collection program discussed above. 
 
 
6.3.5 F-AREA LONG-TERM SOIL STOCKPILES 

6.3.5.1 DESCRIPTION OF LONG-TERM SOIL STOCKPILES 

Excess soils generated during construction of the Corrective Measures Implementation 
(CMI) activities, Plant maintenance activities, and Plant revitalization activities have 
been handled in accordance with the procedures described in the following reports: 
 
• “Soil Management Plan for Corrective Measures Implementation Activities”, dated 

January 1995; and 

• “Soil Management Plan for Corrective Measures Implementation – Overburden 
Activities”, dated November 1995, and an associated addendum submitted to 
NYSDEC under letter on July 17, 1997. 

 
The Soil Management Plan procedures allowed handling of the soils without actively 
managing the soils and thereby did not trigger any “land ban” restrictions. 
 
Three soil classifications were used to categorize the soils: 
 
i) Category A - ≤10 ppm organic vapor concentration and no observable 

NAPL present; 

ii) Category B - >10 ppm organic vapor concentration and no observable 
NAPL present; and 
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iii) Category C - observable NAPL present. 

 
Category C soils are hauled off-Site for disposal; no Category C soils were placed in the 
long-term stockpiles. 
 
As of October 1998, the volume of soils placed in each area of the soil stockpile were as 
follows: 
 
  Volume 
Location Soil Category (cubic yards) 
 
West Pile Category A 8,950 
 Category B 2,120 
 
Stores Enclosure Pad Category A 2,040 
 
East Pile Category A 6,060 
 Category B 1,310 
  20,480 
 
The existing and proposed extent of the long-term soil stockpiles is presented on 
Figure 6.11.  The total capacity of the long-term soil stockpiles is approximately 
24,000 cubic yards.  Future activities that may generate excess soils include: 
 
• plant maintenance; and 

• on-going Revitalization Projects. 

 
Sediment transport and surface water runoff from the long-term Category A stockpile is 
controlled by the construction of low-profile soil berms constructed using Category A 
soils.  Precipitation falling within the bermed area will infiltrate into the ground. 
 
Sediment transport for the long-term Category B stockpiles is controlled by: 
 
• lining the bottom of the stockpiles with polyethylene sheeting; 

• constructing low-profile soil berms around the stockpiles using Category A soils; 
and 

• covering the stockpiles with polyethylene sheeting to direct runoff onto the ground 
surface outside of the bermed area. 
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The long-term Category A and B soil stockpiles were graded to promote positive 
drainage.  The west stockpile was closed in September 1998.  The stockpile was covered 
with 6 inches of soil capable of sustaining vegetative growth and then seeded in August 
and September 1998.  The stores enclosure pad was covered with granular material to 
provide a structural base for equipment storage.  Future stockpiled Category A and B 
soil will be covered with 6 inches of soil capable of sustaining growth and will be 
seeded. 
 
 
6.3.6 BIOREMEDIATION PILOT PROJECT 

In July 1994, OxyChem initiated a pilot-scale field study to treat chlorinated chemicals in 
soil using anaerobic biotechnology at the Plant.  The pilot-scale treatability study began 
in August 1994 and continued for approximately 30 months.  The pilot-scale study 
concluded in January 1997.  The pilot-scale study closure was reported in the document 
entitled “Final Report, Pilot and Bench-Scale Treatment Study, Anaerobic/Aerobic 
Biodegradation of Chlorinated Chemicals in Soils”, dated February 1998 (Closure 
Report).  The results of the pilot-scale study showed that the concentration of 
chlorinated compounds in soil could be effectively reduced by anaerobic and aerobic 
degradation. 
 
Based on the conclusions of the pilot-scale study, OxyChem intends to implement a 
full-scale treatment demonstration study.  The full-scale study will be conducted in the 
existing F-Area soil stockpile.  The objective of the full-scale study will be to 
demonstrate the feasibility of using anaerobic followed by aerobic biotreatment 
techniques to degrade chlorinated benzenes and toluenes on a larger scale.  A work plan 
for the study will be submitted under separate cover. 
 
 
6.3.7 LONG-TERM NAPL MONITORING PROGRAM 

A comprehensive overburden NAPL survey will be conducted at the Plant.  The survey 
will include all existing Plant overburden wells as shown on Plan 3.  After the initial 
survey, the Plant overburden wells will be categorized as either NAPL-bearing wells or 
non-NAPL-bearing wells. 
 
NAPL-bearing wells will be pumped to determine the quantity of NAPL present in each 
well.  The wells will then be further categorized as either NAPL-bearing wells with 
greater than one gallon of mobile NAPL or NAPL-bearing wells with less than one 

 
  
 

2583 (191) 63 CONESTOGA-ROVERS & ASSOCIATES 



 
gallon of mobile NAPL.  All extracted NAPL will be treated either on Site at the Plant's 
LTDU or off Site at an approved facility. 
 
Wells with greater than one gallon of mobile NAPL will be pumped quarterly.  If the 
quantity of mobile NAPL in one of these wells is less than one gallon on each of two 
consecutive quarterly pumping events, the well will be categorized as a NAPL-bearing 
well with less than one gallon of mobile NAPL.  Wells with less than one gallon of 
mobile NAPL will be pumped semi-annually.  If a well contains no NAPL after two 
consecutive semi-annual pumping events, it will be categorized as a non-NAPL-bearing 
well and pumping and monitoring will cease.  A decision chart for the NAPL pumping 
program is presented on Figure 6.12. 
 
A second NAPL survey will be conducted two years after the initial survey.  Only wells 
that contained no NAPL in the first survey will be included in the second survey.  If 
NAPL is detected in a well during the second survey, the well will be categorized as a 
NAPL-bearing well and pumping will be conducted according to the above schedule.  If 
NAPL is not detected in a well during the second survey, no further NAPL monitoring 
will be conducted at that well. 
 
The perimeter wells shown on Figure 6.13 will be monitored for NAPL on a semi-annual 
basis to ensure the NAPL is not migrating to off-Site areas.  These wells will be 
monitored for two years following the initial NAPL survey.  The program will be 
re-evaluated after the two-year period and, based on previous monitoring results, the 
program may be modified or discontinued. 
 
Monitoring reports will be prepared and submitted to the EPA/State annually.  The 
reports will contain a description of all monitoring conducted in the previous year and 
the monitoring results. 
 
 
6.4 OFF-SITE AREAS 

6.4.1 OVERBURDEN GROUNDWATER 

Significant migration of Plant-related chemicals to off-Site overburden groundwater has 
not occurred.  Off-Site overburden groundwater north of Flow Zone 3 flows toward and 
is collected by the EBDTS.  Off-Site overburden groundwater south of Flow Zone 1 flows 
toward and is collected by the Stage 1, 3, and 4 groundwater collection systems.  
Therefore, additional corrective measures are not required. 
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6.4.2 BEDROCK GROUNDWATER 

Significant Plant-related chemical presence was not detected in the off-Site bedrock 
wells west of the Plant or in a line of wells 1,000 feet north of the Plant.  Off-Site bedrock 
groundwater adjacent to the north Plant boundary flows toward and is collected by the 
bedrock groundwater extraction system.  Bedrock groundwater beyond the capture 
zone of the groundwater extraction system north of the Plant is intercepted by the 
NYPA conduits and the FST which act as regional groundwater line sinks.  All dry 
weather flow in the FST is treated in the Niagara Falls WWTP.  Bedrock groundwater 
west of the Plant is in the capture zone of the NYPA conduit drains.  The NYPA conduit 
drains act as a groundwater divide and prevent groundwater from flowing further to 
the west. 
 
Corrective measures to address the low level chemical presence in off-Site bedrock 
groundwater have not been implemented at this time since the bedrock groundwater 
extraction system will have a positive and significant effect on the low level off-Site 
bedrock groundwater chemical presence.  It is recognized that the extent of the influence 
has not yet been fully defined.  Nonetheless, monitoring data for the past two years has 
shown that chemical concentrations in the off-Site bedrock groundwater have decreased.  
This is described in detail below.   
 
The total organic SSI concentrations observed in the D-, C-, and B-Zone monitoring wells 
during the fourth semi-annual event were compared to the most recent historic total 
organic SSI concentrations [Supplemental Data Collection Program (SDCP) or Off-Site 
Investigation (OSI)] and the first three semi-annual events.  The comparison is presented 
in Table 6.1. 
 
D-Zone 
 
The comparison of individual wells in Table 6.1 showed that the total organic SSI 
concentration in five of the eight D-Zone monitoring wells included in the March 1998 
sampling event (OW403D, OW407D, OW409D and OW651, OW652) decreased 
compared to the September/October 1997 chemical monitoring events.  The total 
organic SSI concentration in OW410D, OW649D, and OW653D remained consistent 
compared to the previous chemical monitoring event. 
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C-Zone 
 
The comparison of individual wells in Table 6.1 showed that the total organic SSI 
concentration in six of the eight C-Zone monitoring wells included in the March 1998 
sampling event (OW403C, OW407C, OW409C, OW410C, OW651C and OW653C) 
continued to decrease compared to the September/October 1997 chemical monitoring 
events and were less than historic levels.  The total organic SSI concentration in OW649C 
remained constant compared to the previous monitoring event.  The total organic SSI 
concentration in OW652C increased by a factor of two. 
 
B-Zone 
 
The comparison of individual wells in Table 6.1 showed that the total organic SSI 
concentrations in most of the B-Zone monitoring wells included in the second year 
sampling program (OW403B, OW407B, OW409B, OW410B, and OW652B) have either 
decreased or remained constant compared to the previous two sampling events and 
historic levels.  The total organic SSI concentration in OW653B increased slightly 
compared to the previous three sampling events and historic levels but was within the 
order-of-magnitude established by previous events. 
 
Based on the above discussion, it is evident that the bedrock groundwater extraction 
system is restricting off-Site chemical migration as chemical concentrations are 
decreasing with time.  Furthermore, groundwater contours for the D-, C-, and B-Zone 
presented on Figures 6.3, 6.4, and 6.5, respectively, show that the capture zone produced 
by the extraction system extends several hundred feet off Site.  Therefore, off-Site 
chemical presence is being drawn back toward the Plant where it is captured by the 
extraction system.  Capture will improve when the treatment plant upgrade is complete 
and higher pumping rates can be achieved which will decrease off-Site chemical 
presence even further. 
 
Groundwater that is beyond the capture zone will be captured by the NYPA conduit 
drains or the FST.  All dry weather flow in the FST is treated by the Niagara Falls WWTP 
and has been since October 1993.  Wet weather flows (overflow from WWTP) is 
discharged to the Niagara River under a SPDES Permit.  The City is required to monitor 
wet weather flows twice per month and collect samples when water is present in the 
overflow.  Samples have been collected on only five locations since October 1993.  The 
loadings to the River of OxyChem SSI chemicals based on these sampling events are 
compared to the FST SPDES limits in Table 6.3.  The loadings for the five events were in 
general, substantially below the SPDES limits except for the February 1997 event where 
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trichlorobenzene (4.3 lbs/day) slightly exceeded the SPDES limit (3.2 lbs/day).  The 
concentration of trichlorobenzene for this event was 18 µg/L. 
 
Therefore, based on the capture of off-Site groundwater by the on-Site extraction system 
and the FST, additional corrective measures to address the low level off-Site chemical 
presence are not required. 
 
The corrective measures for off-Site bedrock groundwater chemical presence will be 
composed of the following components: 
 
• the existing bedrock groundwater extraction system which will continue to draw 

chemistry back toward the Plant and prevent further off-Site chemical migration; 

• the FST which will continue to collect D-Zone groundwater.  All dry weather flow in 
the FST is treated by the Niagara Falls WWTP; and 

• Monitored natural attenuation.  Monitoring of off-Site bedrock groundwater is 
performed as part of the on-Site bedrock groundwater corrective measures. 

 
  
 

2583 (191) 67 CONESTOGA-ROVERS & ASSOCIATES 



 
7.0 EVALUATION OF IMPLEMENTED INTERIM CORRECTIVE MEASURES 

The following subsections present an evaluation of the ICMs implemented or proposed 
to be implemented as presented in Section 6.0.  Each ICM was evaluated for suitability 
as the principal alternative for the corresponding corrective measures component.  The 
basis of this evaluation was: 
 
• effectiveness; 

• implementability; 

• protection of human health and the environment; 

• consistency with cleanup goals; 

• cost effectiveness; 

• permanence of remedy; 

• reduction of toxicity, mobility and volume; and 

• compliance with State and Federal standards and guidelines. 

 
 
7.1 BEDROCK GROUNDWATER 

The system to remediate the chemical plume in the bedrock includes the following 
components: 
 
• extraction wells along the downgradient west and northwest Plant property 

boundaries in the D, C, and B-zones. 

• on-Site groundwater treatment system; 

• hydraulic monitoring program to monitor the effectiveness of the hydraulic 
containment system; 

• chemical monitoring program to verify long-term changes; 

• NAPL collection from on-Site bedrock wells; and, 

• treatment of NAPL. 
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7.1.1 EFFECTIVENESS 

Pumping from the bedrock along the west and northwest Plant property boundaries is 
an effective way to reduce the chemistry in the bedrock groundwater and to achieve an 
inward hydraulic gradient toward the Plant boundary. 
 
The operation of the extraction system produces the following results: 
 
• any bedrock groundwater beneath the Plant is captured by the extraction wells 

before migrating off-Site; 

• off-Site bedrock groundwater adjacent to the Site is drawn back to the extraction 
wells; 

• chemicals in the on-Site groundwater and adjacent off-Site groundwater are 
removed and treated. 

 
The hydraulic and chemical monitoring results for the fourth semi-annual optimization 
period (November 1997 to April 1998) showed that the extraction system is operating 
effectively.  The hydraulic monitoring data showed that hydraulic containment along 
the Plant boundary has been achieved in the bedrock D, C and B zones, and in some 
cases extends well beyond the Plant boundary.  The chemical monitoring data obtained 
from the off-Site monitoring wells since pumping commenced in April 1996 have shown 
that there has been an overall decrease in the total organic SSI concentrations; a decrease 
attributable to the groundwater containment and extraction. 
 
The collection of NAPL from on-Site bedrock wells has removed significant quantities of 
NAPL from the bedrock and as a result is helping to remove the source of the chemical 
presence in the groundwater. 
 
Therefore, the groundwater extraction and treatment system and the NAPL removal 
program are considered highly effective. 
 
 
7.1.2 IMPLEMENTABILITY 

The extraction and treatment system was constructed between the fall of 1994 and 
spring of 1996 using standard construction methods.  Operation of the system is 
controlled by a programmable logic controller (PLC) and monitored by Plant personnel.  
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A regular inspection and maintenance program for the extraction and treatment system 
is in place. 
 
The NAPL collection program was readily achieved as it utilizes existing bedrock wells 
and no additional systems were required to make it operational. 
 
Therefore, this ICM for bedrock groundwater was readily implementable. 
 
 
7.1.3 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The risk posed by the implementation and operation of the extraction and treatment 
system to human health (i.e. general public and workers) and the environment is 
minimal.  The reasons for this are as follows: 
 
i) bedrock groundwater is not used as a source of drinking water at or in the 

vicinity of the Plant; 

ii) bedrock groundwater is not used for industrial purposes at or in the vicinity of 
the Plant; 

iii) the extraction system prevents further off-Site migration of OxyChem hazardous 
waste constituents; and 

iv) worker contact with the groundwater is prevented during monitoring and 
maintenance activities by the implementation of health and safety procedures 
including the use of personnel protection equipment (PPE). 

 
Therefore, the ICM selected for bedrock groundwater is protective of human health and 
the environment.   
 
 
7.1.4 CONSISTENCY WITH REMEDIAL GOALS 

The remedial goals achieved by the bedrock groundwater ICMs are summarized in 
Table 7.1 and described below. 
 
Operation of the extraction and treatment system is consistent with the primary cleanup 
goal of restricting off-Site migration of OxyChem hazardous waste constituents in the 
bedrock groundwater (Goal No. 1).  The extraction system prevents off-site migration of 
bedrock groundwater and draws a portion of off-site bedrock groundwater back toward 
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the Plant.  The extraction and treatment systems are composed of technologies that have 
been proven to be reliable and effective and are industry standards for extracting 
groundwater from the bedrock and for removing and treating chlorinated organic 
compounds (Goal No. 7).  The extraction system is compatible with other bedrock 
groundwater remedial programs at the Plant (i.e., S-Area) in that the capture zone 
created by the system does not affect the operation of the S-Area collection systems 
(Goal No. 8).  Natural groundwater flow in the bedrock is from the south/southeast to 
the northwest.  Therefore, any groundwater that may escape the S-Area remedial 
program would most likely be captured by the Plant's extraction system. 
 
The extraction and treatment system and the NAPL collection program will reduce the 
concentration of hazardous waste constituents in the groundwater which is consistent 
with Goal No. 9. 
 
 
7.1.5 COST EFFECTIVENESS 

The system comprised of extraction wells and a groundwater treatment system is 
considered the most cost-effective method for achieving hydraulic containment in the 
bedrock.  Several technologies for the treatment system were reviewed during the 
design phase and the most efficient and cost effective technology (carbon) was chosen.  
OxyChem is also in the process of upgrading the carbon treatment facility to include an 
air stripper and thermal oxidation unit which will further increase efficiency and reduce 
operating costs. 
 
Therefore, the ICM implemented was cost effective. 
 
 
7.1.6 PERMANENCE OF REMEDY 

The extraction well and treatment system alternative does not offer a permanent remedy 
except for the volume of chemicals removed and treated by the system.  Groundwater 
concentrations will decline to low levels but residual chemical presence in the bedrock 
may always have the potential for release to the bedrock groundwater regime. 
 
The life expectancy of an extraction system is on the order of 20 to 30 years.  Therefore, 
components of the system may require replacement on an infrequent basis. 
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7.1.7 REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 

The extraction and treatment system provides the following: 
 
• an effective reduction of toxicity and chemical mass (volume) over time as observed 

by the extraction system removing chemicals at 30 lbs/day for March 1998 when the 
estimated pre-remedial mass flux across the Plant boundary was approximately 
6 lbs/day; 

• reduced mobility of the chemical plume by eliminating groundwater/chemical 
migration beyond the extraction system’s area of capture; 

• decreased overall volume of source chemicals indicated by the extraction system 
removing more chemicals than historically migrated across the Plant boundary. 

 
The NAPL removal program has resulted in the collection and treatment of over 
6,000 gallons of NAPL from the A-Zone.  Therefore, the volume and mobility of 
chemicals has been reduced by collection and toxicity reduced by treatment. 
 
 
7.1.8 COMPLIANCE WITH STATE/FEDERAL  

STANDARDS AND GUIDELINES  

Implementation of the bedrock groundwater ICMs is compliant with State and Federal 
Standards and Guidelines presented in Table 7.2. 
 
 
7.2 OVERBURDEN GROUNDWATER 

The system to remediate the chemical presence in the overburden groundwater beneath 
the Plant includes the following components: 
 
• Flow Zone 1 - Stages 1, 3, and 4 groundwater collection systems; 

• Flow Zone 3 - Energy Boulevard Drive Tile System (EBDTS); 

• hydraulic monitoring program to monitor the effectiveness of the hydraulic 
containment system; 

• chemical monitoring program to verify long-term changes; 

• collection of groundwater via sanitary sewers and treatment at the City WWTP; and 
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• address groundwater infiltration into the outfall sewers as indicated by SPDES 

monitoring. 

 
 
7.2.1 EFFECTIVENESS 

Collection of overburden groundwater utilizing the three collection components of the 
Flow Zone 1 collection systems, the Energy Boulevard Drain Tile System (EBDTS), and 
the on-Site sanitary sewer network is a very effective way to reduce the chemical 
presence in the overburden groundwater and to achieve hydraulic containment along 
the Plant boundary. 
 
The Flow Zone 1 collection systems and the EBDTS are perimeter systems that collect 
overburden groundwater and divert it to either an on-Site treatment system or to the 
City of Niagara Falls WWTP.  These systems also provide hydraulic containment along 
the Plant boundary in areas where off-Site flow of groundwater historically occurred. 
 
The sanitary sewer network beneath the Plant is not a watertight system and as a result 
there is the potential for groundwater infiltration into the system.  The system has not 
been remediated to prevent such infiltration as the sanitary sewer system provides a 
means for collection and treatment of the groundwater.  The infiltrated groundwater 
and associated chemical loading then flows to the City of Niagara Falls WWTP and is 
treated prior to discharge to the Niagara River.  Collection of groundwater in the sewers 
in the middle of the Plant results is considerably less groundwater migrating across the 
Plant perimeter. 
 
Therefore, the collection of groundwater utilizing dedicated groundwater collectors and 
the sanitary sewer network is highly effective. 
 
The outfall sewer system is currently monitored under the Plant's SPDES permit.  
OxyChem will continue to implement corrective measures to the outfall system as 
dictated by SPDES monitoring.  Previous corrective measures to the outfall system have 
been very effective in reducing groundwater infiltration.  Similarly, the discharge of the 
sanitary sewer is continuously monitored to confirm that the effluent is within discharge 
limits set by the City WWTP.  Consequently, it is on occasion, necessary for OxyChem to 
implement corrective measures on the sanitary sewers to address specific groundwater 
infiltration situations. 
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7.2.2 IMPLEMENTABILITY 

The groundwater collection systems for Flow Zone 1 and Flow Zone 3 are in place and 
operational.  The extensive sanitary sewer system also is in place.  Therefore, the ICMs 
for overburden groundwater were readily implementable. 
 
 
7.2.3 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The risk proposed by the implementation and operation of the groundwater collection 
systems to human health (i.e. general public and workers) and the environment is 
minimal.  The reasons for this are as follows: 
 
i) overburden groundwater is not used as a source of drinking water at or in the 

vicinity of the Plant; 

ii) overburden groundwater is not used for industrial purposes at or in the vicinity 
of the Plant; 

iii) the collection systems prevent the off-Site migration of OxyChem hazardous 
waste constituents; 

iv) worker contact with groundwater is prevented during monitoring and 
maintenance activities by the implementation of health and safety protocols, 
including the use of PPE; 

v) worker contact with groundwater will be prevented during future construction 
activities by implementation of the SOP developed for excavation and soil 
handling discussed in Section 6.3.2; and 

vi) all of the collected groundwater is treated prior to its release to the Niagara 
River. 

 
Therefore, the ICMs selected for overburden groundwater are protective of human 
health and the environment. 
 
 
7.2.4 CONSISTENCY WITH REMEDIAL GOALS 

The remedial goals achieved by the overburden groundwater ICMs are summarized in 
Table 7.1 and described below.   
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Operation of the groundwater collection systems is consistent with the primary cleanup 
goal of restricting off-Site migration of OxyChem hazardous waste constituents in the 
overburden groundwater (Goal No. 2).  The collection and treatment systems in place 
utilize technologies that have been proven to be reliable and effective and are industry 
standards for collecting overburden groundwater and for removing and treating 
chlorinated organic compounds (Goal No. 7). 
 
The collection and treatment system and the sanitary sewer system reduce the 
concentration of OxyChem hazardous waste constituents in the overburden 
groundwater consistent with Goal No. 9. 
 
The collection and treatment systems and the sanitary sewer system are compatible with 
other remedial systems (i.e., S-Area) and with Plant operations (Goal No. 8). 
 
Outfall sewer modifications have reduced the total loading of chlorinated compounds 
and benzene and toluene to the Niagara River from the outfall sewers from 
approximately 119 lbs/day in 1984 to 8 lbs/day in 1990 for the sum of the outfalls.  The 
results of the outfall sewer modifications are consistent with Goal 3 – restrict discharge 
of OxyChem hazardous waste constituents to the outfalls.  OxyChem's commitment to 
implement corrective measures to the outfall sewer system in the future, as dictated by 
SPDES monitoring results, is consistent with Goal No. 3 to restrict discharge of 
OxyChem hazardous waste constituents to the outfalls. 
 
One of the remedial goals is to restrict the discharge of OxyChem hazardous waste 
constituents to the sanitary sewers (Goal No. 4).  This goal was based on observations 
that groundwater infiltrates into the sanitary sewer system.  Historic modifications to 
the sanitary sewer system have resulted in significant loading reductions from the Plant 
sanitary sewer network, thereby achieving this goal.  Total organic loadings, consisting 
of toluene, benzene, and selected chlorinated compounds decreased by approximately 
37 percent from 30.5 lbs/day in 1984 to 19.3 lbs/day in 1990.  During development of the 
ICM for overburden groundwater, it was determined by OxyChem and EPA/State that 
this goal may not benefit the overall CAP for the Plant.  The reasons for this 
determination are as follows: 
 
i) the sanitary sewer network is extensive and is present throughout the entire 

Plant thereby allowing groundwater to be collected from the majority of the 
Plant; 
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ii) the sanitary sewer network extends into existing production areas where it 
would be difficult and costly to construct new groundwater collectors; 



 
iii) elimination of infiltration to the sanitary sewers by remedial efforts would divert 

some of this flow to the outfall sewers which is inconsistent with Goal No. 3; 

iv) elimination of infiltration to the sanitary sewers by remedial efforts would divert 
some of this flow to the off site groundwater regime which is inconsistent with 
Goal No. 2; 

v) discharge from the sanitary sewer network is monitored under permit with the 
City of Niagara Falls WWTP; 

vi) discharge from the sanitary sewer network is treated by the City of Niagara Falls 
WWTP; 

vii) sufficient capacity is available in the sanitary sewers and WWTP to 
accommodate overburden groundwater infiltration; 

viii) the WWTP was specifically designed to treat discharges from industrial users in 
the area; and 

ix) the WWTP was funded by the industrial users in the area and the use of the 
WWTP by industrial users generates revenue for the City of Niagara Falls. 

 
Therefore, Goal No. 4 does not need to be achieved at this point in time.  If at some point 
in the future the WWTP is unable to accept overburden groundwater from the Plant, 
OxyChem will evaluate options to achieve Goal No. 4 if appropriate. 
 
 
7.2.5 COST EFFECTIVENESS 

The ICM composed of groundwater collection trenches and a groundwater treatment 
system is the most cost-effective alternative to achieve hydraulic containment at the 
Plant boundary.  Permitting and collection of groundwater that infiltrates into the 
sanitary sewer network is a very cost-effective means for capturing on-Site groundwater 
as the system is already in place and  no additional work is required. 
 
Therefore, the ICM implemented was cost effective. 
 
 
7.2.6 PERMANENCE OF REMEDY 

The groundwater collection trenches do not offer a permanent remedy except for the 
volume of chemicals removed and treated by the system.  Groundwater concentrations 
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will decline to low levels but residual chemical presence in the soils may always have 
the potential for release to the overburden groundwater regime. 
 
The life expectancy of a groundwater collection and treatment system is on the order of 
20 to 30 years.  Therefore, components of the system may require replacement on an 
infrequent basis. 
 
The use of the sanitary sewer network as a groundwater collector is considered a 
permanent remedy provided that the existing sewers that permit infiltration are not 
replaced with a water-tight system and that the discharge remains permitted by the City 
of Niagara Falls. 
 
 
7.2.7 REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 

The infiltration of groundwater to the sanitary sewer network and the groundwater 
collection trenches provides for the following: 
 
• reduction of toxicity and chemical mass (volume) over time; 

• reduction of mobility by eliminating groundwater/chemical migration off site; and 

• reduction of the overall volume of groundwater with elevated chemical presence. 

 
 
7.2.8 COMPLIANCE WITH STATE/FEDERAL  

STANDARDS AND GUIDELINES  

Implementation of the overburden groundwater ICMs is compliant with State and 
Federal Standards and Guidelines presented in Table 7.2. 
 
 
7.3 OVERBURDEN SOIL 

The remedy selected to address chemical presence in the overburden soil beneath the 
Plant included the following components: 
 
• maintenance of overburden groundwater ICM components; 

• deed restrictions; 

• institutional controls; 
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• maintenance of Plant perimeter fence; 

• perimeter overburden NAPL monitoring; 

• NAPL recovery (when sufficient quantity is encountered) and treatment of 
recovered NAPL; 

• capping of dioxin and elemental phosphorus areas and surface drainage control;  

• maintenance of capped and existing hard surfaced areas; and 

• on-Site management of excavated soils. 

 
 
7.3.1 EFFECTIVENESS 

The selected remedy is effective for restricting the migration of NAPL constituents and 
elemental phosphorus dissolved in overburden groundwater to off-Site areas by 
capping affected areas and by recovering NAPL whenever sufficient quantities are 
encountered.  The selected remedy is also effective for restricting the migration of dioxin 
and phosphorus to off-Site areas by wind and surface water run-off vectors by capping 
affected areas and maintaining cover materials. 
 
The F-Area long-term soil stockpiles are effective for restricting the migration of 
chemicals in the soils by limiting infiltration via grading and cover materials.  The 
polyethylene cover and liner for the Category B soils further restricts releases of 
chemicals to the overburden from the stockpiles. 
 
 
7.3.2 IMPLEMENTABILITY 

A monitoring program has been implemented at the Plant.  Deed restrictions and 
institutional controls also have been implemented.  The institutional controls (SOPs) 
present procedures to control excavations at the Plant to prevent chemical migration and 
exposure and ensure groundwater does not remain in potable watermains following 
repair.  Source removal as future NAPL is encountered can be readily implemented as 
personnel and equipment are available.  Capping of exposed soil areas that contain 
dioxin, or elemented phosphorus, with gravel, asphalt, or clean topsoil has been 
implemented.  Capping of dioxin soils is more implementable than excavation and 
off-Site disposal of dioxin soils.  Soils with dioxin concentrations greater than 1 ppb 
cannot be disposed off-Site due to the Land Disposal Restrictions.  There also are no 
incineration facilities available to accept F020 waste at present.  Treatment of extracted 
NAPL would be conducted either at the existing Plant LTDU or off Site.  The F-Area 
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long-term soil stockpiles will not interfere with any other implemented of future ICMs.  
All aspects of this alternative would require coordination with Plant operations. 
 
The selected remedy is easily implemented. 
 
 
7.3.3 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The use of existing overburden groundwater corrective measures will protect off-Site 
waters from dissolved Plant NAPL and from contact with hazardous waste constituents 
in the soil and dissolved elemental phosphorus.  Source removal will reduce the 
mobility of the NAPL by reducing the volume and monitoring at the Plant perimeter 
will ensure detection of any off-Site migration.  Capping will reduce the potential for 
human contact with dioxin and elemental phosphorus and will restrict the migration of 
dioxin by wind and surface water run-off vectors.  Capping also will reduce the 
percolation of precipitation through the elemental phosphorus and thereby reduce the 
generation of dissolved elemental phosphorus in the groundwater.  An 
exposure/environmental risk may exist if the groundwater remedial system should fail, 
although the technology is reliable and readily controlled.  Should the groundwater 
remedial system fail, the performance monitoring activities will indicate system failure, 
resulting in the implementation of corrective actions.  Deed restrictions, implementation 
of institutional controls such as SOPs for excavation and watermain repair, maintenance 
of the Plant perimeter fence, and NAPL volume reduction will ensure long term 
protection of workers and public.   
 
The soil stockpile cover materials minimize human contact with hazardous waste 
constituents in the contained soils.  The long-term soil stockpiles have been constructed 
within an area of overburden soil NAPL presence (see Figure 3.17) and/or within the 
F-Area Source Area (see Plan 2).  Soils containing NAPL have not been placed in the 
long-term soil stockpiles.  Thus, the chemical concentrations in the stockpiled soils are 
less than in the soils underlying them.  Any release of chemicals to the overburden 
groundwater from the stockpiles will be less than any release from the underlying soils 
containing NAPL.  Therefore, any release from the soil stockpiles will have a minimal 
adverse impact on the overburden groundwater quality compared to a release from the 
underlying soils containing NAPL.   
 
The selected remedy is protective of human health and the environment. 
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7.3.4 CONSISTENCY WITH REMEDIAL GOALS 

The remedial goals achieved by the overburden soils ICMs are summarized in Table 7.1 
and described below. 
 
The selected remedy is consistent with Goal No. 6 of minimizing human contact with 
hazardous waste constituents in the overburden soil and with other goals such as 
maintaining compatibility with other Plant remedial efforts and Plant operations (Goal 
No. 8), restricting migration of NAPL from the overburden to the bedrock via 
implementation of the SOP for excavations (Goal No. 5), minimizing the need for 
future/ongoing remediation and operation and maintenance activities (Goal No. 7) and 
protecting City water supply components at the Plant from releases of hazardous waste 
constituents via the implementation of the SOP for watermain repair (Goal No. 10). 
 
 
7.3.5 COST EFFECTIVENESS 

The selected remedy is cost effective.  Costs for this alternative are associated with 
monitoring personnel, sample analysis and data interpretation, cap maintenance, 
maintenance of the F-Area long-term soil stockpiles, implementation of deed restrictions 
and institutional controls, maintenance of the Plant perimeter fence and periodic NAPL 
extraction and treatment either on Site at the Plant LTDU or off Site.   
 
Capping in-place is the only cost effective option currently available for addressing soils 
with dioxin presence.  Off-Site disposal/treatment is currently unavailable as there are 
no available facilities to incinerate F020 wastes.  Facilities could become available but the 
cost of incineration is prohibitively expensive. 
 
 
7.3.6 PERMANENCE OF REMEDY 

The selected ICMs are not a permanent remedy.  Groundwater concentrations would 
approach very low levels as free NAPL and dissolved constituents are extracted, but 
residual NAPL presence in the soils could continue to have the potential for release of 
chemical constituents to the overburden groundwater regime.  Soils with elevated 
dioxin and elemental phosphorus concentrations would remain in place. 
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7.3.7 REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 

The selected remedy reduces mobility of NAPL, dioxin and elemental phosphorus and 
the volume of NAPL in the overburden soils beneath the Plant.  The toxicity of NAPL, 
dioxin and elemental phosphorus and the volume of dioxin and elemental phosphorus 
would not be reduced.  The proposed bioremediation project, if successful, will 
demonstrate that chemicals can be degraded on a large scale.  If successful, 
bioremediation will be used on a larger scale to address the F-Area long-term soil 
stockpile.  If implemented, the project would reduce the toxicity, mobility and volume of 
residual chemicals in the soils within F-Area long-term soil stockpile. 
 
 
7.3.8 COMPLIANCE WITH STATE/FEDERAL  

STANDARDS AND GUIDELINES  

The overburden soil ICMs are compliant with State and Federal Standards and 
Guidelines presented in Table 7.2. 
 
 
7.4 OFF-SITE AREAS 

No corrective measures are required for off-Site overburden groundwater, overburden 
NAPL presence, and bedrock NAPL presence as discussed in Section 5.4.  The corrective 
measures for off-Site bedrock groundwater chemical presence will be composed of the 
following components: 
 
• the existing bedrock groundwater extraction system which will continue to draw 

chemicals back toward the Plant and prevent further off-Site chemical migration; 

• the FST which will continue to collect D-Zone groundwater.  All dry weather flow in 
the FST is treated by the Niagara Falls WWTP; and 

• Monitored natural attenuation.  Monitoring of off-Site bedrock groundwater quality 
is already performed on a semi-annual basis as part of on-Site bedrock groundwater 
corrective measures. 

 
 
7.4.1 EFFECTIVENESS 

Utilizing the existing on-Site groundwater extraction system and the FST are effective 
means for capturing the bedrock groundwater. 
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The on-Site bedrock groundwater system has a zone of capture that extends well beyond 
the Plant boundary and as a result draws chemicals from off-Site areas back toward the 
Plant and treats the water prior to discharge to the Niagara River. 
 
The D-Zone bedrock groundwater that is beyond the northern zone of capture for the 
on-Site extraction system is captured by the FST.  The FST is a combined sewer and all 
flow in the FST during dry weather periods is treated at the Niagara Falls WWTP, 
thereby treating any D-Zone bedrock groundwater prior to discharge to the Niagara 
River. 
 
Bedrock groundwater that is beyond the zone of capture for the on-Site extraction 
system and is not captured by the FST, eventually will enter the NYPA conduit drain 
system.  The hydraulic containment provided by the on-Site extraction system has 
removed the source of off-Site chemical releases and as a result, no additional chemical 
discharges from the Plant will occur.  For the chemicals in the groundwater beyond the 
zone of capture, natural attenuation processes will continue to reduce chemical presence 
but most of the residual chemicals would be expected to enter the NYPA conduit drain 
system.  The dilution of the chemicals in the groundwater upon entering the NYPA 
power conduit forebay will minimize the effect of these residual off-site chemicals. 
 
 
7.4.2 IMPLEMENTABILITY 

Implementation of the selected remedy requires no further action beyond the systems 
and monitoring programs that are in place to control on-Site bedrock groundwater. 
 
 
7.4.3 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

The risk proposed by the implementation of the off-Site corrective measures to human 
health (i.e. general public and workers) and the environment is minimal. 
 
Operation of the on-Site bedrock groundwater extraction system will be effective in 
eliminating off-Site migration of groundwater flow as well as the source of the off-Site 
chemical presence.  Performance monitoring activities will indicate system failure 
resulting in implementation of corrective action. 
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The capture of D-Zone groundwater by the FST will occur on a continuous basis and 
treatment of the water at the WWTP will protect human health and the environment. 
 
Utilizing natural attenuation as a corrective measure for off-Site bedrock groundwater 
that is not captured by the on-Site system or the FST will pose minimal risk to the public 
health or the environment as long as chemical concentrations continue to decline.  None 
of the bedrock groundwater downgradient of the Site is used as a water source or either 
potable or industrial usage and as a result there is minimal risk of exposures.   
 
There is a potential local exposure pathway for off-Site bedrock groundwater located at 
the American Refuel facility north of the Plant.  Foundation drains surround the 
perimeter of the facility and collect bedrock groundwater.  The groundwater collected 
by the foundation drains flows to an interior sump where the water is discharged to the 
sanitary sewer under permit with the City.  The groundwater in this sump was sampled 
during the OSI conducted in 1991 and 1992.  The total organic SSI concentrations 
detected in the sump were 4,900 µg/L and 5,500 µg/L, respectively.  The only potential 
exposure to the groundwater in the sumps is worker contact during maintenance 
activities.  Worker exposure is prevented by the implementation of health and safety 
protocols including the use of PPE which are in place at the facility.  The monitoring 
conducted as part of the on-site bedrock groundwater ICM has shown that chemical 
concentrations in off-Site areas are decreasing.  Therefore, it is expected that the 
chemical concentrations in the water collected in the sump will decrease over time as 
well since chemicals are no longer migrating from the Site (i.e., the source has been 
contained). 
 
 
7.4.4 CONSISTENCY WITH REMEDIAL GOALS 

Implementation of the off-Site corrective measures is consistent with the primary 
cleanup goal of restricting off-Site migration of OxyChem hazardous waste constituents 
in the bedrock groundwater (Goal No. 1).  Implementation of the off-Site corrective 
measures also will reduce the concentration of OxyChem hazardous waste constituents 
in the bedrock groundwater (Goal No. 9). 
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7.4.5 COST EFFECTIVENESS 

The ICMs outlined above utilize existing on-Site systems for bedrock groundwater 
collection/extraction as well as the existing FST.  Therefore, the ICMs are cost-effective 
as no additional systems are required. 
 
 
7.4.6 PERMANENCE OF REMEDY 

The on-Site bedrock groundwater ICM has eliminated off-Site migration of chemicals by 
containing the source at the Plant boundary.  There also is no off-Site source of chemicals 
(i.e., NAPL).  Therefore, the ICMs for the off-Site area will be a permanent remedy and 
chemical concentrations will be reduced to acceptable levels with time provided that the 
on-Site extraction system maintains the hydraulic barrier. 
 
The life expectancy of the on-Site extraction system is on the order of 20 to 30 years; 
system rehabilitation may be required. 
 
D-zone groundwater will continue to be captured by the FST as long as it exists. 
 
Monitored natural attenuation is a permanent remedy. The attenuation processes will 
continue to act on chemical presence in the groundwater until such point that there is no 
longer a chemical presence to attenuate or equilibrium is reached. 
 
 
7.4.7 REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 

The systems including the on-Site extraction and treatment system, the FST capture of 
D-Zone groundwater, and monitored natural attenuation provide for the reduction of 
toxicity, mobility and volume in the off-Site areas. 
 
The on-Site extraction system has eliminated the source of the chemical presence by 
creating a hydraulic barrier at the Plant boundary.  The on-site system also reduces the 
toxicity, volume, and mobility of the off-Site chemical presence by removing chemical 
presence from off-Site groundwater within the capture zone (i.e., drawing off-Site 
groundwater back toward the Plant boundary for extraction and treatment). 
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The capture of groundwater by the FST and natural attenuation processes serve to 
reduce the volume and toxicity of chemicals present in the groundwater by treatment at 
the WWTP or by means of natural attenuation. 
 
 
7.4.8 COMPLIANCE WITH STATE/FEDERAL  

STANDARDS AND GUIDELINES  

The off-Site corrective measures are compliant with State and Federal Standards and 
Guidelines presented in Table 7.2. 
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8.0 CONCLUSIONS 

The following conclusions have been made based on the results of the CMS: 
 
• The ICMs implemented for the bedrock groundwater flow regime achieve the goals 

of the corrective action program and are protective of human health and the 
environment; 

• The ICMs implemented for the overburden groundwater flow regime achieve the 
goals of the corrective action program and are protective of human health and the 
environment; 

• The ICMs implemented for overburden soils achieve the goals of the corrective 
action program and are protective of human health and the environment; 

• The ICMs implemented for off-Site areas achieve the goals of the corrective action 
program and are protective of human health and the environment; and 

• The ICMs implemented for the above four components achieve all 10 remedial goals 
presented in Table 7.1 as a whole. 
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9.0 RECOMMENDATIONS FOR FINAL CORRECTIVE MEASURES 

Based on the conclusions presented in Section 8.0, the ICMs implemented or to be 
implemented for the four components of the CAP (bedrock groundwater, overburden 
groundwater, overburden soils and off-Site areas) achieve all 10 remedial goals as a 
whole.  The ICM components that will be implemented in the future include deed 
restrictions, outfall sewer repairs, and bioremediation study.  Therefore, it is 
recommended that the ICMs implemented become the final corrective measures for the 
Plant and that the performance monitoring programs developed for the ICMs be 
combined into one long-term performance monitoring program to ensure that the ICMs 
continue to achieve the remedial goals.  The performance monitoring program that has 
been implemented is presented in Section 10.0. 
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10.0 LONG-TERM MONITORING AND REPORTING 

A summary of the compliance monitoring program for the CAP is presented in 
Table 10.1.  Specific details are presented in the following subsections. 
 
 
10.1 BEDROCK GROUNDWATER 

A performance monitoring program has been implemented to evaluate the effectiveness 
of the bedrock groundwater extraction and treatment system.  The performance 
monitoring program includes hydraulic monitoring to establish the extent and 
continuity of plume capture, chemical monitoring to evaluate the changes in 
groundwater chemistry both on- and off-Site, and effluent monitoring to ensure 
discharge limits are achieved. 
 
 
10.1.1 HYDRAULIC MONITORING 

Since the objective of the bedrock extraction system is to create a hydraulic barrier along 
the western Plant boundary and portions of the northern Plant boundary, the primary 
emphasis of the performance monitoring program is hydraulic monitoring. 
 
Hydraulic monitoring is conducted monthly using interior monitoring well nests, 
OW415, OW416 and OW417; perimeter monitoring well nests OW400, OW401, OW402, 
OW404, OW405, OW406, OW667, OW408, OW409 and OW410 located along the Plant 
boundary midway between the extraction well nests; monitoring well nests OW660 to 
OW666 and OW668 installed approximately 100 feet outside the Plant boundary; off-Site 
monitoring well nests OW649, OW403, OW651, OW657, OW652, OW658, OW659, 
OW407, and OW653; and extraction wells BEW700 to BEW706.  The locations of these 
wells are shown on Figure 10.1. 
 
Hydraulic monitoring of the wells is performed to allow simultaneous measurement of 
water levels at wells along vectors perpendicular to the Plant boundary (i.e. wells 
OW667, OW666, OW407, and OW653).  Each hydraulic monitoring event is typically 
completed within a 2-hour period.  The Niagara River level and the water level in NYPA 
well OW139 is measured at the beginning of each event (before well water levels are 
measured) and at the end of each event (after well water levels are measured) to 
determine the change in River level and water level in the NYPA conduit drains during 
the monitoring event. 
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Instantaneous water level monitoring data will be collected on the extraction and 
monitoring wells shown on Figure 10.1 on a monthly basis during the optimization 
period and for one year after hydraulic containment has been achieved.  Thereafter, the 
frequency of monitoring will be set in accordance with the recommendations of the 
performance report submitted at the end of the first year. 
 
Results of the hydraulic monitoring program will be presented in performance reports 
as described in 10.1.4 used to evaluate system operation. 
 
 
10.1.2 CHEMICAL MONITORING 

The purpose of the chemical monitoring program is to monitor bedrock groundwater 
chemistry in areas beyond the extent of the capture zone created by the extraction 
system.  In addition, limited chemical monitoring within the capture zone will be used 
to monitor changes in the APL plumes. 
 
Chemical monitoring is performed on the seven extraction well nests and existing well 
nests OW403, OW407, OW409, OW410, OW649, OW651, OW652 and OW653.  The 
location of these wells is shown on Figure 10.2.  Each of these wells is sampled 
semi-annually using SDCP protocols and analyzed for the list of parameters presented 
in Table 10.2. 
 
After the first two years of chemical monitoring, the analytical parameter list may be 
reduced further based on trends observed in the chemical data. 
 
Recommendations for changes to the frequency of sampling and the list of parameters 
will be set in accordance with the recommendations of the performance reports 
described in Section 10.1.4. 
 
 
10.1.3 FLOW MONITORING 

The volume of groundwater pumped by each extraction well will be monitored to 
provide data to assist in optimizing the performance of the extraction system.  The 
volume of groundwater pumped from each extraction well will be recorded on a 
totalizing flow meter installed within the extraction well chamber.  Flow measurements 
will be recorded on a weekly basis and submitted with the performance reports. 
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10.1.4 REPORTING 

10.1.4.1 OPTIMIZATION 

Operation of the bedrock groundwater extraction and treatment system is still in the 
optimization period.  This period will extend for one year following startup of the 
treatment system upgrade.  During this period, the operation of the system will be 
adjusted by OxyChem to obtain the maximum operating efficiency of the system.  
Quarterly progress reports will be submitted to the EPA/State.  After the year of system 
optimization, a report will be submitted to the EPA/State.  The report will evaluate the 
effectiveness of the extraction system in creating the required hydraulic barrier over the 
past year.  If hydraulic containment has not been achieved, the report will evaluate the 
possibility of adding more extraction wells, increasing the capacity of the treatment 
system or implementing groundwater enhancement programs (i.e., groundwater 
injection and groundwater containment by grout curtain wall construction). 
 
Following system adjustments or enhancement, the modified bedrock extraction system 
(if required) will be operated for a period of one year and will be re-evaluated.  The 
process will be repeated until hydraulic containment has been achieved. 
 
 
10.1.4.2 LONG-TERM OPERATION 

Once hydraulic containment has been achieved, the performance of the system will be 
evaluated on a quarterly basis for the first year of operation.  After the first year of 
operation, the frequency of the performance evaluation will be re-evaluated and 
modified as appropriate.  A recommendation to abandon all bedrock monitoring wells 
not required for the monitoring program will be made after the first year of operation.  
The performance evaluations will be submitted to the EPA/State and will contain the 
hydraulic and chemical monitoring results obtained during the monitoring periods, the 
observed pumping impacts and recommendations. 
 
 
10.2 BEDROCK NAPL 

The current ICM program to address the presence of NAPL in the bedrock involves 
NAPL collection and/or monitoring in 17 SDCP A-wells.  The current schedule for ICM 
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NAPL recovery and collection activities for the bedrock regime at the Plant is 
summarized below. 
 
• All bedrock A-wells are checked for NAPL presence on an annual basis.  If NAPL is 

detected in an A-well, the corresponding B-well is also checked for NAPL; 

• NAPL is collected on a semi-annual basis from wells OW402A and OW413A.  If the 
volume of NAPL collected from a well is greater than 100 gallons during any one 
event, the pumping frequency increases to quarterly until the volume collected is 
less than 50 gallons, after which quarterly pumping resumes; and 

• NAPL is collected from well OW417A on a annual basis.  If the volume of NAPL 
collected during any one event is greater than 100 gallons, the pumping frequency 
increases to quarterly until the volume of NAPL collected is less than 50 gallons, 
after which annual pumping resumes. 

 
Monitoring reports are submitted to EPA/State on an annual basis.  The reports contain 
a description of monitoring and collection activities conducted in the previous year, the 
results, and recommendations for changes to the monitoring and collection frequency, if 
appropriate.  The monitoring report for bedrock NAPL has been combined with the 
monitoring report for overburden soils (NAPL) presented in Section 10.4.2. 
 
 
10.3 OVERBURDEN GROUNDWATER 

A performance monitoring program has been implemented to evaluate the effectiveness 
of the overburden groundwater collection and treatment systems.  The performance 
monitoring program includes hydraulic monitoring to verify that hydraulic containment 
has been achieved, limited chemical monitoring to evaluate the changes in groundwater 
chemistry and effluent monitoring to ensure discharge limits are achieved. 
 
 
10.3.1 HYDRAULIC MONITORING 

The primary emphasis of the performance monitoring program is hydraulic monitoring 
since the objective of the collection system is to create a hydraulic barrier along the south 
and west perimeter of Flow Zone 1. 
 
The effectiveness of Flow Zone 1 groundwater collection is evaluated by monitoring the 
groundwater levels within overburden wells and the collection systems.  The resulting 
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elevation data is contoured to show groundwater flow patterns during system 
operation.  Hydraulic containment is demonstrated by a lower water level in the 
collection system compared to water levels in monitoring wells downgradient of the 
collection system based on pre-pumping conditions.  Figure 10.3 shows the monitoring 
well and collection system locations from which hydraulic elevation data are collected.  
Eleven new overburden wells were installed to monitor the effects of groundwater 
removal.   
 
Hydraulic monitoring conducted during SDCP activities showed that overburden wells 
exhibit a slow response to changes in groundwater levels.  Therefore, the hydraulic 
monitoring program will involve manual water level monitoring.  Manual water level 
data will be collected at the wet well, manhole, and monitoring well locations shown on 
Figure 10.3 on a monthly basis during the first two years of system operation.  
Thereafter, the monitoring frequency will be set in accordance with the 
recommendations of the performance report submitted at the end of the second year. 
 
 
10.3.2 CHEMICAL MONITORING 

Limited chemical monitoring within the capture zone is performed to monitor changes 
in the groundwater chemical plume.  It is anticipated that decreases in overburden 
groundwater chemical concentrations will occur slowly due to the large volume of 
groundwater within the overburden.  Consequently, no changes in groundwater quality 
are expected in the short term.  Therefore, the chemical monitoring will not be used to 
judge performance of the system. 
 
Chemical monitoring is performed on the two Stage 4 system wet wells.  The wet wells 
are sampled semi-annually using SDCP protocols and analyzed for the parameter list 
presented in Table 10.3.  The parameters presented in Table 10.3 are representative of the 
chemicals present in the overburden groundwater in the vicinity of the groundwater 
collection systems based on SSI Round 1 and 2 data. 
 
After the first two years of chemical monitoring, the analytical parameter list and 
frequency may be revised based on trends observed in the chemical data.  
Recommendations for changes to the sampling frequency and the list of parameters will 
be set in accordance with the recommendations of the performance reports described in 
Section 10.3.4. 
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10.3.3 FLOW MONITORING 

The volume of groundwater pumped from the wet wells is monitored to provide data to 
assist in optimizing the performance of the collection system.  The volume of 
groundwater pumped from the wet wells is recorded on a totalizing flow meter installed 
within the wet well chambers.  Flow measurements are monitored on a monthly basis 
and submitted with the performance reports described in Section 10.3.4. 
 
Monitoring of the effluent from the U-Area treatment system will be conducted in 
accordance with the Plant's discharge permit with the City or with the modified SPDES 
permit if discharge is routed to an outfall. 
 
 
10.3.4 REPORTING 

The performance of the system will be evaluated on a semi-annual basis for the first two 
years of operation and then annually for three years.  After the first five years of 
operation, the frequency of performance evaluation will be re-evaluated.  A 
recommendation to abandon all overburden monitoring wells not required for the 
monitoring program will be made after the first year of operation.  The performance 
evaluations will be submitted to EPA/State and will contain the hydraulic and chemical 
monitoring results obtained during the monitoring period, the observed drawdown 
impacts and recommendations.  
 
 
10.4 OVERBURDEN SOILS 

10.4.1 NAPL MONITORING 

The current ICM program to address the presence of NAPL in the overburden involves 
NAPL collection and/or monitoring in the 003 NAPL Collection Trench, two SDCP 
overburden wells (OW313 and OW270), six abandoned sewer manholes, and two sumps 
in the N-Area.  The current schedule for ICM NAPL recovery and collection activities for 
the overburden regime at the Plant is summarized below. 
 
• The two sumps at the north and south ends of the 003 NAPL Collection Trench are 

currently monitored for the presence of NAPL on a monthly basis. NAPL collection 
occurs from the sumps if  the depth of NAPL in any one sump is equal to or greater 
than 9 inches (approximately 10 gallons); 
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• Monitoring well OW313 is checked for NAPL presence on a monthly basis.  NAPL 

collection from OW313 occurs when the depth of NAPL is greater than 8 inches 
(approximately 0.25 gallons).  Monitoring well OW270 is checked for the presence of 
NAPL on an annual basis; and 

• Six abandoned sewer manholes and the two sumps in the N-Area are checked for 
NAPL presence on an annual basis.  NAPL is removed when collectable quantities 
are present. 

 
A comprehensive overburden NAPL survey will be conducted at the Plant to 
supplement the current ICM program.  The survey will include all existing Plant 
overburden wells as shown on Plan 3.  After the initial survey, the Plant overburden 
wells will be categorized as either NAPL wells or non-NAPL wells. 
 
NAPL wells will be pumped to determine the quantity of NAPL present in each well.  
The wells will then be further categorized as either NAPL wells with greater than one 
gallon of mobile NAPL or NAPL wells with less than one gallon of mobile NAPL.  All 
extracted NAPL will be treated either on Site at the Plant's LTDU or off Site. 
 
Wells with greater than one gallon of mobile NAPL will be pumped quarterly.  If the 
quantity of mobile NAPL in one of these wells is less than one gallon on each of two 
consecutive quarterly pumping events, the well will be categorized as a NAPL well with 
less than one gallon of mobile NAPL.  Wells with less than one gallon of mobile NAPL 
will be pumped semi-annually.  If a well contains no NAPL after two consecutive semi-
annual pumping events, it will be categorized as a non-NAPL well and pumping and 
monitoring will cease.  A decision chart for the NAPL pumping program is presented on 
Figure 6.12. 
 
A second NAPL survey will be conducted two years after the initial survey.  Only wells 
that contained no NAPL in the first survey will be included in the second survey.  If 
NAPL is detected in a well during the second survey, the well will be categorized as a 
NAPL well and pumping will be conducted according to the above schedule.  If NAPL 
is not detected in a well during the second survey, no further NAPL monitoring will be 
conducted at the well. 
 
The wells identified by the two NAPL surveys will be added to the current ICM 
program. 
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The perimeter wells shown on Figure 6.13 will be monitored for NAPL on a semi-annual 
basis to ensure that NAPL is not migrating off Site.  These wells will be monitored for 
two years following the initial NAPL survey.  The program will be re-evaluated after the 
two-year period.  A recommendation to abandon all overburden monitoring wells not 
required for the monitoring program will be made after the two-year period. 
 
 
10.4.2 REPORTING 

Monitoring reports will be submitted to the EPA/State annually.  The reports will 
contain a description of all monitoring conducted in the previous year, the results of the 
monitoring, and recommendations for changes to the monitoring and collection 
frequency, if appropriate. 
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TABLE 1.1

CORRECTIVE MEASURES STUDY, DESIGN, 
AND STARTUP REPORTS

Page 1 of 5

Bedrock Groundwater Corrective Measures

• Corrective Measures Study
Bedrock Groundwater Remediation
August 1992

• Corrective Measures Implementation
Bedrock Groundwater Remediation
Design Report (30 Percent Completion)
June 1993

• Part 1, Mechanical Construction
Scope of Work and Specifications
March 3, 1994

• Design Calculations
June 20, 1994

• Part II, Civil Construction
Scope of Work and Specifications
March 3, 1994

• Part III, Electrical Construction
Scope of Work and Specifications (Revised)
June 10, 1994

• Part IV, Treatment Facility Civil Construction
Scope of Work and Specifications
July 15, 1994

• Part V, Treatment Facility Mechanical Construction
Scope of Work and Specifications
July 29, 1994

• Part VI, Treatment Facility Electrical Construction
Scope of Work and Specifications
September 12, 1994

• Soil Management Plan
Corrective Measures
January 1995
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TABLE 1.1

CORRECTIVE MEASURES STUDY, DESIGN, 
AND STARTUP REPORTS

Page 2 of 5

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
Phase I - Individual Extraction Well Pumping Test Report
November 1995

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
Phase I - Combined Extraction Well Pumping Test Report
May 1996

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
Vinyl Chloride Treatment Assessment
November 1996

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
Six Month Performance Evaluation
November 1996

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
One Year Performance Evaluation
July 1997

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
Treatment System Upgrade Design
Report (30 Percent Completion)
October 1997

• Corrective Measures Implementation 
Bedrock Groundwater Remediation
Semi-Annual Performance Evaluation
April to October 1997
January 1998

• Corrective Measures Implementation 
Bedrock Groundwater Remediation 
Semi-Annual Performance Evaluation 
November 1997 to April 1998 
October 1998
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TABLE 1.1

CORRECTIVE MEASURES STUDY, DESIGN, 
AND STARTUP REPORTS

Page 3 of 5

Overburden Groundwater Corrective Measures

• Corrective Measures Study
Overburden Groundwater Remediation
January 1994

• Corrective Measures Study
Overburden Groundwater Remediation
Supplemental Plan
September 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Flow Zone 1 Design Report (30 Percent Completion)
June 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Outfall Sewer Investigation Work Plan
June 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Abandoned Sewer Pumping Test Programs
June 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Abandoned Sewer Pumping Test Report
August 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Outfall Sewer Investigation
Phase I Report
Phase II Recommendations
September 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Scope, Specifications, and Drawings for Stage 1-002 Outfall Conversion
November 1995
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TABLE 1.1

CORRECTIVE MEASURES STUDY, DESIGN, 
AND STARTUP REPORTS

Page 4 of 5

• Corrective Measures Implementation
Overburden Groundwater Remediation
Scope and Specifications for pH Adjustment System
at U-67
November 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Soil Management Plan for Corrective Measures Implementation
Overburden Activities
November 1995

• Corrective Measures Implementation
Overburden Groundwater Remediation
Outfall Sewer Investigation
Phase II Report
Corrective Measures Implementation Plan
June 1996

• Corrective Measures Implementation
Overburden Groundwater Remediation
Flow Zone 1 Stage 4
July 1996

• Corrective Measures Implementation
Overburden Groundwater Remediation
Scope, Specifications, and Drawings for Stage 4 Groundwater
Collection System
Part 1 - Introduction/Drawings
Part 2 - Civil
Part 3 - Mechanical
October 1997

• Flow Zone 1 - Stage 4
Electrical Construction
Scope and Specifications
December 1997
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TABLE 1.1

CORRECTIVE MEASURES STUDY, DESIGN, 
AND STARTUP REPORTS

Page 5 of 5

• Letter
Overburden Groundwater CMI Activities
Stage 3 - Enhancement of Stage 1 System
March 24, 1998

• Letter
Overburden Groundwater CMI Activities
Stage 3 - Enhancement of Stage 1 System
May 15, 1998

Overburden Soils Corrective Measures

• Corrective Measures Study
Overburden Soils
August 1996
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TABLE 3.1

SITE SPECIFIC INDICATORS
BUFFALO AVENUE PLANT

Method Detection
Analytes Units Level

Standard
pH Units
Specific Conductance µmhos 1
Phosphorus, Total Soluble (As P) µg-P/L 10
Arsenic µg/L 53
Mercury µg/L 0.4
Lead µg/L 42
Toluene µg/L 1
2-Chlorotoluene µg/L 1
4-Chlorotoluene µg/L 1
2,4/2,5-Dichlorotoluene µg/L 1
2,6-Dichlorotoluene µg/L 1
2,3/3,4-Dichlorotoluene µg/L 1
2,3,6-Trichlorotoluene µg/L 1
2,4,5-Trichlorotoluene µg/L 1
Benzene µg/L 1
Chlorobenzene µg/L 1
1,2-Dichlorobenzene µg/L 1
1,3-Dichlorobenzene µg/L 1
1,4-Dichlorobenzene µg/L 1
1,2,3-Trichlorobenzene µg/L 1
1,2,4-Trichlorobenzene µg/L 1
1,2,3,4-Tetrachlorobenzene µg/L 1
1,2,4,5-Tetrachlorobenzene µg/L 1
Hexachlorobenzene µg/L 1
Trichloroethylene µg/L 1
Tetrachloroethylene µg/L 1
2-Chlorobenzotrifluoride µg/L 1
4-Chlorobenzotrifluoride µg/L 1
2,4-Dichlorobenzotrifluoride µg/L 1
3,4-Dichlorobenzotriflouride µg/L 1
Hexachlorobutadiene µg/L 1
Hexachlorocyclopentadiene µg/L 1
Octachlorocyclopentene µg/L 1
Perchloropentacyclodecane (Mirex) µg/L 1
2,4,5-Trichlorophenol µg/L 10
a-Hexachlorocyclohexane µg/L 1
b-Hexachlorocyclohexane µg/L 1
g-Hexachlorocyclohexane µg/L 1
d-Hexachlorocyclohexane µg/L 1
Benzoic Acid µg/L 100
2-Chlorobenzoic Acid µg/L 100
3-Chlorobenzoic Acid µg/L 100
4-Chlorobenzoic Acid µg/L 100
Chlorobenzoic Acid, Total µg/L 100
Chlorendic Acid µg/L 200
Total Organic Carbon (TOC) µg/L 1
Total Organic Halides (TOX) µg/L 50
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TABLE 3.2

ORGANIC SSI COMPOUND CONCENTRATIONS FOR WELLS
SOUTH AND WEST OF THE PLANT
(OW560, OW561, SP5A, OW324, SP6A)

Class GA OW560 OW561 SP5A OW324 SP6A
Standard Round I Round II Round I Round II Round I Round I Round II Round I

Parameter (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

Trichloroethylene 5 ND ND 11 27 1 ND 3/3 ND
Tetrachloroethylene 5 ND ND 3 8 ND ND 1/1 ND
4-Chlorobenzotrifluoride 5 ND ND 4 10 25 25 33/32 20
3,4-Dichlorobenzotrifluoride 5 ND ND ND ND 1 ND 1/1 ND
Benzene 0.7 ND ND ND ND ND 1 ND/ND ND
Chlorobenzene 5 4 ND ND ND ND 3 ND/ND ND
1,2-Dichlorobenzene 4.7 ND ND ND ND ND 1 ND/ND ND
1,3-Dichlorobenzene 5 ND ND ND ND ND ND ND/ND 3
1,4-Dichlorobenzene 4.7 ND ND ND ND 1 1 ND/ND ND
2,3/3,4-Dichlorotoluene 5 ND ND ND ND ND ND ND/ND 1
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TABLE  3.3

OVERBURDEN CHEMICAL MASS EFFLUX
SDCP

Mass Efflux Mass Efflux Mass Efflux 
(TOX + TOC)/CF(1) (lbs/day) (lbs/day) (lbs/day)

SDCP (µg/L) Qinfilt = 14.3 in/yr Qinfilt = 10.0 in/yr Qinfilt = 18.0 in/yr 
Flow Flow Flow  Most Most Most
Zone Zone (gpd)  Min Mean Max Min Likely Max Min Likely Max Min Likely Max

1 1 6,493 291,443 360,400 429,356 16 20 23 11.0 13.7 16.3 20 25 29
2 2,237 54,133 120,267 186,400 1.0 2.2 3.5 0.71 1.6 2.4 1.3 2.8 4.4
3 929 24,889 38,889 52,889 0.19 0.30 0.41 0.13 0.21 0.29 0.24 0.38 0.52

2 4 26 14,823 17,455 20,087 0.0032 0.0038 0.0044 0.0022 0.0026 0.0030 0.0040 0.0048 0.0055
5 32 11,620 12,502 13,383 0.0031 0.0033 0.0036 0.0022 0.0023 0.0025 0.0039 0.0042 0.0045
6 172 4,000 4,000 4,000 0.0057 0.0057 0.0057 0.0040 0.0040 0.0040 0.0072 0.0072 0.0072
7 308 2,767 4,139 5,511 0.0071 0.011 0.014 0.0050 0.0074 0.01 0.0089 0.013 0.018

3 8 1,681 5,933 21,127 36,320 0.083 0.30 0.51 0.058 0.21 0.4 0.10 0.37 0.64
9 (2) 839 239,840 248,387 256,933 1.7 1.7 1.8 1.2 1.2 1.3 2.1 2.2 2.3

4 10 929 7,933 11,167 14,400 0.061 0.087 0.11 0.043 0.061 0.078 0.077 0.11 0.14
11 282 1,947 8,040 14,133 0.0046 0.019 0.033 0.0032 0.013 0.023 0.0058 0.024 0.042
12 1,033 25,333 26,789 28,244 0.22 0.23 0.24 0.15 0.16 0.17 0.27 0.29 0.31

5 13 4 8,356 16,800 25,244 0.0003 0.0006 0.0008 0.0002 0.0004 0.0006 0.0004 0.0007 0.0011
14,965

Total Flux = 19 24 30 13 17 21 24 31 38

Notes:

(1)    CF - Correction Factor = 0.75
(2)    Groundwater flow from Flow Zone 9 is collected and treated via the Energy Boulevard Tile Collection System.
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    TABLE 3.4

    CHEMICAL MASS EFFLUX FOR BEDROCK D-WELLS
    SDCP

Mass Efflux Mass Efflux Mass Efflux
Flow (TOX+TOC)/CF(1) Minimum Flow Most Likely Flow Maximum Flow
(gpd) (µg/L) (lbs/day) (lbs/day) (lbs/day)

Flow Most Most Most Most Most 
Zone Well Min Likely Max Min Likely Max Min Likely Max Min Likely Max Min Likely Max 

1 OW402/OW404 580 2293 7533 22000 45333 68667 0.11 0.22 0.33 0.42 0.87 1.3 1.4 2.8 4.3
2 OW405 59 794 2584 17200 19933 22667 0.0085 0.010 0.011 0.11 0.13 0.15 0.37 0.43 0.49
3 OW406 64 1650 8390 10133 17467 24800 0.0054 0.0093 0.013 0.14 0.24 0.34 0.71 1.2 1.7
4 OW408 23 788 3779 1093 1280 1467 0.00021 0.00025 0.00028 0.0072 0.0084 0.010 0.034 0.040 0.046
5 OW409 501 2221 7009 1067 2093 3120 0.0045 0.0088 0.013 0.020 0.039 0.058 0.062 0.12 0.18
6 OW410 28 342 3419 700 1739 2779 0.00017 0.00041 0.00066 0.0020 0.0050 0.0079 0.020 0.050 0.079

Total Flow = 1256 8087 32715 Total Flux = 0.13 0.25 0.37 0.70 1.3 1.9 2.6 4.7 6.8

Notes:

(1) CF = Correction Factor = 0.75
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Page 1 of 2    TABLE 3.5

    CHEMICAL MASS EFFLUX FOR BEDROCK C-WELLS
    SDCP

Mass Efflux Mass Efflux Mass Efflux
Flow (TOC+TOX)/CF(1) Minimum Flow Most Likely Flow Maximum Flow
(gpd) (µg/L) (lbs/day) (lbs/day) (lbs/day)

Flow Most Most  Most  Most  Most  
Zone Well Min Likely Max Min Likely Max Min Likely Max Min Likely Max Min Likely Max 

July 1989

1 OW402/OW404 10742 34607 143885 4167 10467 16767 0.37 0.94 1.5 1.2 3.0 4.8 5.0 13 20
2 OW405/OW406 8014 31782 230675 4267 6733 9200 0.29 0.45 0.61 1.1 1.8 2.4 8.2 13 18
3 OW406/OW408 663 3181 24787 3673 5498 7323 0.020 0.030 0.040 0.097 0.15 0.19 0.76 1.1 1.5

Total Flow = 19419 69570 399346 Total Flux = 0.68 1.4 2.2 2.4 5.0 7.5 14 27 39

November 1989

OW401/
1 OW402/OW404 13373 43083 179125 3058 7642 12227 0.34 0.85 1.4 1.1 2.7 4.4 4.6 11 18
2 OW405 8638 34256 248633 2667 4600 6533 0.19 0.33 0.47 0.76 1.3 1.9 5.5 9.5 14
3 OW406/OW408 888 4260 33192 3673 5498 7323 0.027 0.041 0.054 0.13 0.20 0.26 1.0 1.5 2.0

Total Flow = 22898 81599 460950 Total Flux = 0.56 1.2 1.9 2.0 4.3 6.5 11 22 34

Notes:

(1) CF = Correction Factor = 0.75
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Page 2 of 2    TABLE 3.5

    CHEMICAL MASS EFFLUX FOR BEDROCK C-WELLS
    SDCP

Mass Efflux Mass Efflux Mass Efflux
Flow (TOC+TOX)/CF(1) Minimum Flow Most Likely Flow Maximum Flow
(gpd) (µg/L) (lbs/day) (lbs/day) (lbs/day)

Flow Most Most  Most  Most  Most  
Zone Well Min Likely Max Min Likely Max Min Likely Max Min Likely Max Min Likely Max 

March 1990

1 OW402/OW404 13999 45102 187520 4167 10467 16767 0.49 1.2 2.0 1.6 3.9 6.3 6.5 16 26
2 OW405 11313 45025 252199 2667 4600 6533 0.25 0.43 0.62 1.0 1.7 2.5 5.6 9.7 14
3 OW406 352 1690 13165 5867 8867 11867 0.017 0.026 0.035 0.083 0.12 0.17 0.64 0.97 1.3
4 OW408/OW409 4694 23638 76740 2213 2735 3256 0.087 0.11 0.13 0.44 0.54 0.64 1.4 1.8 2.1
5 OW410 1863 12199 60775 2667 3333 4000 0.041 0.052 0.062 0.27 0.34 0.41 1.4 1.7 2.0

Total Flow = 32222 127654 590399 Total Flux = 0.88 1.8 2.8 3.4 6.7 10 16 30 45

June 1990

1 OW402/OW404 2130 6861 28525 4167 10467 16767 0.074 0.19 0.30 0.24 0.60 0.96 0.99 2.5 4.0
2 OW405 4181 16642 93214 2667 4600 6533 0.093 0.16 0.23 0.37 0.64 0.91 2.1 3.6 5.1
3 OW406 492 2549 24946 5867 8867 11867 0.024 0.036 0.049 0.12 0.19 0.25 1.2 1.8 2.5
4 OW408 710 3990 23504 779 2129 3480 0.0046 0.013 0.021 0.026 0.071 0.12 0.15 0.42 0.68
5 OW409 927 4522 12277 947 3340 5733 0.0073 0.026 0.044 0.036 0.13 0.22 0.097 0.34 0.59
6 OW410 54 326 1314 2667 3333 4000 0.0012 0.0015 0.0018 0.0072 0.0090 0.011 0.029 0.037 0.044

Total Flow = 8495 34888 183780 Total Flux = 0.20 0.42 0.64 0.80 1.6 2.5 4.6 8.7 13

Notes:

(1) CF = Correction Factor = 0.75
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    TABLE 3.6

    CHEMICAL MASS EFFLUX FOR BEDROCK B-WELLS
    SDCP

Mass Efflux Mass Efflux Mass Efflux
Flow (TOX+TOC)/CF(1) Minimum Flow Most Likely Flow Maximum Flow
(gpd) (µg/L) (lbs/day) (lbs/day) (lbs/day)

Flow Most Most Most Most Most 
Zone Well MIn Likely Max Min Likely Max Min Likely Max Min Likely Max Min Likely Max 

November 1989

1 OW402/OW404 7 19 40 4300 6660 9020 0.00025 0.00039 0.0005 0.0007 0.0011 0.0014 0.0014 0.0022 0.0030
2 OW405 7 17 38 18000 19667 21333 0.0011 0.0011 0.0012 0.0026 0.0028 0.0030 0.0057 0.0062 0.0068
3 OW406 24 55 136 307 2953 5600 0.00006 0.00059 0.0011 0.00014 0.0014 0.0026 0.00035 0.0033 0.0064
4 OW408 208 1765 9905 947 4733 8520 0.0016 0.0082 0.015 0.014 0.070 0.13 0.078 0.39 0.70
5 OW409 248 1798 8171 700 3067 5435 0.0014 0.0063 0.011 0.010 0.046 0.081 0.048 0.21 0.37
6 OW410 90 679 2507 987 6093 11200 0.0007 0.0046 0.0084 0.0056 0.034 0.063 0.021 0.13 0.23
7 OW411 954 2818 5855 827 4080 7333 0.0066 0.032 0.058 0.019 0.096 0.17 0.040 0.20 0.36

Total Flow = 1537 7150 26651 Total Flux= 0.012 0.054 0.096 0.053 0.25 0.45 0.19 0.94 1.7

March 1990

1 OW402/OW404 4 11 24 4300 6660 9020 0.00014 0.00022 0.00030 0.00039 0.00061 0.00083 0.0009 0.0013 0.0018
2 OW405 8 18 41 18000 19667 21333 0.0012 0.0013 0.0014 0.0027 0.0030 0.0032 0.0062 0.0067 0.0073
3 OW406 27 62 153 307 2953 5600 0.00007 0.00067 0.0013 0.00016 0.0015 0.0029 0.00039 0.0038 0.0071
4 OW408 82 698 3917 947 4733 8520 0.00065 0.0032 0.0058 0.0055 0.028 0.050 0.031 0.15 0.28
5 OW409 230 1667 7576 700 3067 5435 0.0013 0.0059 0.010 0.010 0.043 0.076 0.044 0.19 0.34
6 OW410 149 1130 4174 987 6093 11200 0.0012 0.0076 0.014 0.0093 0.057 0.11 0.034 0.21 0.39
7 OW411 662 1955 4061 827 4080 7333 0.0046 0.023 0.040 0.013 0.067 0.12 0.028 0.14 0.25

Total Flow = 1162 5541 19946 Total Flux= 0.0092 0.041 0.074 0.041 0.20 0.36 0.14 0.71 1.3

Notes:

(1) CF = Correction Factor = 0.75
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    TABLE 3.7

    CHEMICAL MASS EFFLUX FOR BEDROCK A-WELLS
    SDCP

Mass Efflux Mass Efflux Mass Efflux
Flow (TOX+TOC)/CF(1) Minimum Flow Most Likely Flow Maximum Flow

Flow (gpd) (µg/L) (lbs/day) (lbs/day) (lbs/day)
Zone Well Min Likely Max Min Likely Max Min Likely Max Min Likely Max Min Likely Max 

November 1990

1 OW402/OW404 1.44 1.52 1.71 152253 241943 331633 0.0018 0.0029 0.0040 0.0019 0.0031 0.0042 0.0022 0.0035 0.0047
2 OW405 0.70 0.74 0.83 24000 24000 24000 0.00014 0.00014 0.00014 0.00015 0.00015 0.00015 0.00017 0.00017 0.00017
3 OW406 0.05 0.05 0.05 933 1547 2160 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 OW408 0.11 0.11 0.11 16125 32796 49467 0.00001 0.00003 0.00005 0.00001 0.00003 0.00005 0.00001 0.00003 0.00005
5 OW409 0.27 0.42 0.58 2880 4920 6960 0.00001 0.00001 0.00002 0.00001 0.00002 0.00002 0.00001 0.00002 0.00003
6 OW410 0.29 0.52 0.77 700 4395 8089 0.00000 0.00001 0.00002 0.00000 0.00002 0.00004 0.00000 0.00003 0.00005
7 OW411 2.17 5.31 9.68 4547 6407 8267 0.00008 0.00012 0.00015 0.00020 0.00028 0.00037 0.00037 0.00052 0.00067

Total Flow = 5.02 8.67 13.74 Total Flux= 0.0021 0.0032 0.0044 0.0023 0.0036 0.0048 0.0027 0.0042 0.0057

March 1990

1 OW402/OW404 0.87 0.93 1.04 152253 241943 331633 0.0011 0.0018 0.0024 0.0012 0.0019 0.0026 0.0013 0.0021 0.0029
2 OW405 0.75 0.80 0.90 24000 24000 24000 0.00015 0.00015 0.00015 0.00016 0.00016 0.00016 0.00018 0.00018 0.00018
3 OW406 0.05 0.05 0.05 933 1547 2160 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4 OW408 0.04 0.04 0.04 16125 32796 49467 0.00001 0.00001 0.00002 0.00001 0.00001 0.00002 0.00001 0.00001 0.00002
5 OW409 0.25 0.39 0.54 2880 4920 6960 0.00001 0.00001 0.00001 0.00001 0.00002 0.00002 0.00001 0.00002 0.00003
6 OW410 0.47 0.86 1.29 700 4395 8089 0.00000 0.00002 0.00003 0.00001 0.00003 0.00006 0.00001 0.00005 0.00009
7 OW411 1.50 3.68 6.72 4547 6407 8267 0.00006 0.00008 0.00010 0.00014 0.00020 0.00025 0.00025 0.00036 0.00046

Total Flow = 3.95 6.76 10.58 Total Flux= 0.0013 0.0020 0.0027 0.0015 0.0023 0.0031 0.0018 0.0027 0.0037

Notes:

(1) CF = Correction Factor = 0.75

CRA 2583 (191)



TABLE 6.1

COMPARISON OF PRE- AND POST-START-UP
CHEMICAL CONCENTRATIONS IN BEDROCK MONITORING WELLS

BEDROCK GROUNDWATER EXTRACTION SYSTEM
BUFFALO AVENUE PLANT

Total Organic
SSI Concentration

Well No. Pre-Startup Post-Startup
Historic Aug/Sept Mar/Apr Sept/Oct March

1996 1997 1997 1998

D-Zone

OW404 6,500 20,000 5,200 -- --
OW405 47,000 93,000 110,000 -- --
OW406 24,000 26,000 88,000 -- --
OW408 820 5,200 620 -- --

OW409 220 24 56 1,100 310
OW410 4 1.3 ND 1 1

OW649 23 20 33 37 37
OW403 500 100 56 86 71
OW407 2,600 3,700 510 1,600 560
OW650 11 4 31 -- --
OW651 140 37 16 45 22
OW652 950 380 350 490 470
OW653 1,500 400 560 2,800 2,800

C-Zone

OW404 3,300 580 310 -- --
OW405 4,400 4,000 340 -- --
OW406 9,200 12,000 500 -- --
OW408 91 280 440 -- --

OW409 3 ND ND 6 ND
OW410 1 ND 19 3 ND

OW649 280 410 42 36 38
OW403 120 120 12 110 42
OW407 200 1,600 500 3,200 550
OW651 1,200 93 52 88 47
OW652 81 270 800 880 1,500
OW653 0 4 8 8 6

B-Zone

OW404 520 61 69 -- --
OW405 41,000 9,200 1,200 -- --
OW406 510 2,500 35,000 -- --
OW408 210 310 180 -- --

OW409 19 13 6 13 18
OW410 57 20 17 26 4

OW403 8 420 65 120 23
OW407 150 490 490 760 780
OW652 2 39 190 210 160
OW653 250 160 260 160 830

-- Well not included in Year Two sampling.
ND - Compound was not detected.
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TABLE 6.2 
 

MAJOR SEWER SYSTEM MODIFICATIONS 
 
 
 
 Location Sewer Modification Date 
 
Outfall 001 Outlet Structure Sediment removal November 1981 

 
MH518/MH521 Temporary inflatable plug 1984/1985± 

placement 
 
Metering chamber/ Replacement of chamber 
Interceptor chamber manholes and piping June 1985 
 
MH520-MH584 Lining of 36-inch sewer section June 1985 
 
MH584 Severance and abandonment of 

easterly U-Area system June 1985 
 
MH520 Severance and abandonment of August 1989 

easterly stub 
 

 Replacement of sewer section to August 1989 
northeast to service T-Area 

 
MH518 Severance and abandonment of August 1989 

northeasterly stub 
 
T-Area Installation and connection of August 1989 

new storm system servicing 
T-Area bag storage facility 
contributing into MH518 north 

 
U-Area Mercury abatement discharges November 1989 

diverted to sanitary sewer 
 

 MHCB7-MH585 Clean  and line manholes and sewer October 1990 
through 
 May 1991 

 
MH520 Repair manhole to eliminate 

infiltration September 1997 
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TABLE 6.2 
 

MAJOR SEWER SYSTEM 
MODIFICATIONS WITHIN BUFFALO AVENUE PLANT 

 
 
 
 Location Sewer Modification Date 
 
Outfall 002 -- Closure of entire outfall system December 1982 
 
Outfall 003 MH716 Severance and abandonment of Early 1985 

westerly 24-inch stub 
 
V-Area (MH703, Miscellaneous stub closure by Unknown 
MH769 and others) plugging 
 
Lift Station Severance and abandonment of June 1985 

easterly 24-inch stub from 
MH424 to lift station 

 
Metering chamber/ Replacement of chamber December 1986 
Interceptor chamber manholes and piping 

 
D-Area Severance and abandonment of 1988/1989± 
 numerous stubs 
 
N-Area Severance of sewer in vicinity  

of Bldg. N-21 and reconnection 
for sanitary sewer July 1998 

 
Outfall 004  Energy Boulevard Energy Boulevard Drain November 1981 

 Tile System  
 
MH93E Severance and abandonment of 1987/1988±  

southern 36-inch stub 
 
B/C-Area Miscellaneous stub closures by Unknown 
(MH97B, MH78 and plugging 
MH77A) 

 
Outfall 005 Outlet Structure Sediment removal from outlet November 1981 

structure 
 
H-Area Modify H-20 Pump Station March 1984 

discharge to outlet at MH159A. 
Original outlet was at City 
MH155 

 
K-28 Lift Station Outlet forcemain section November 1986 
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Modifications elevated above ground from 
K-28 to property line 
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TABLE 6.2 
 

MAJOR SEWER SYSTEM 
MODIFICATIONS WITHIN BUFFALO AVENUE PLANT 

 
 
Outfall 005 
(cont'd) Location Sewer Modification Date 
 

159A-MH159N Lining of main line sewer. December 1986 
Majority of F-Area stubs 
contributing to the 005 Outfall 
were abandoned 

 
 MH159N Liner repair to address NAPL June/July 1989 
  NAPL entry at 42-inch 

easterly stub 
 
H-Area (MH221, Miscellaneous stub closures by Unknown 
MH214, MH56H) plugging 
 
K-28 Lift Station Cleaned and repaired September 1997 
MH159A-MH159 K-28 and manholes 
 
K-28 Lift Station Cleaned and repaired June 1998 
MH159A-MH159 K-28 and manholes 
 

Iroquois Street U-Area West Abandon various sanitary Unknown 
Sanitary Sewer (residue burner, connections and materials 

MH595, U-42 west) 
 
U-Area East Abandon various sanitary Unknown 
(MH597, MH598) connections 
 
N-Area Abandon various sanitary Unknown 
(MH572, MH573, connections and laterals 
MH574) 
 
N-Area Install organic separator September 1979 
(MH767) 
N-Area Closure of lagoon January 1988± 

(MH764) 
T-Area Abandon various sanitary Unknown 
(MH503, MH502) connections and laterals 
 
U-Area North Numerous sanitary connections Unknown 
(MH529B, lift station, catchbasins, laterals and sewer 
MH546) sections abandoned 
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TABLE 6.2 
 

MAJOR SEWER SYSTEM 
MODIFICATIONS WITHIN BUFFALO AVENUE PLANT 

 
 Location Sewer Modification Date 

 
Iroquois Street U-Area North East Abandon southerly sewer sections Unknown 
Sanitary Sewer (MH545) and manholes 
(cont'd) 

V-Area West Numerous sanitary connections, Unknown 
(MH651, MH653) catchbasins, laterals and sewer  

sections abandoned 
 
V-Area East Abandon various sumps, Unknown 
(MH697, MH695;  catchbasins, laterals and 
MH664, MH670, connections 
MH677, MH699, 

 City MH769D) 
 
 F-Area West/East Abandon various sanitary May 1985 
 (MH144, MH143,  laterals, catchbasins, sumps and 
 MH141, MH139, sewer sections 
 MH128, MH136, 
 MH147, MH127, 
 MH126, MH86, 
 MH109, MH156) 
 
 V-Area Abandon various sanitary Unknown 
 catchbasins, sumps and laterals 

 
S-Area Install servicing to S-Area Mid 1986 

trailer/office facility 
 
47th Street B-Area Abandonment of sanitary sewer April 1981± 
Sanitary Sewer (MH48A, MH64,  laterals, sumps, manholes and 

MH49, MH85A, catchbasins 
MH68B, MH68D 
and B-24 & B-25 
Building areas) 
 
D/E-Area Abandonment of sanitary sewer September 1982 
(MH303, MH317, laterals, catchbasins and sumps 
MH319) 
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TABLE 6.2 
 

MAJOR SEWER SYSTEM 
MODIFICATIONS WITHIN BUFFALO AVENUE PLANT 

 
 

 Location Sewer Modification Date 
 
47th Street D-Area Abandonment of sanitary sewer September 1982 
Sanitary Sewer  (MH302, MH311,  laterals, sumps, manholes, 
cont'd. MH307, MH301, catchbasins, floor drains and 

MH305, MH308, roof drains 
MH306, 53rd Street 
(15" Ø) 
 
M-Area Abandonment of sanitary sewer June 1983 
(MH441, MH435, laterals and catchbasins 
MH404, MH322) 
 
K/G-Area Abandonment of entire sewer October 1985± 
(MH114A, MH178) sewer section and laterals 
 
H-Area Abandonment of entire sewer Unknown 
(MH56E, MH56G, section, sumps, catchbasins and 
MH26) manholes 
 
M/E-Area Abandonment of 53rd Street Unknown 
(City MH) sanitary (15" Ø) sewer 

 
 A-Area Abandonment of sanitary sumps, Unknown 
 (MH153A, MH94, laterals and manholes 
 MH151, MH174) 

 
C-Area Abandonment of sanitary sewer Unknown 
(MH67A, MH92A, laterals, sumps, manholes, 
MH96, MH97 catchbasins and roof drains 
MH91B, MH55, 
MH83) 
 
C-Area Abandonment of sanitary sewer February 1997 

between MH97 and MH180 and 
reconnection of MH180 to MH79 
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TABLE 6.3

WET WEATHER LOADING IN THE FALLS STREET TUNNEL

Loading (lbs/day) SPDES Effluent Limit (lbs/day)
Date 5/26/94 12/9/1996 2/27/97 8/1/1998 1/4/1998 Monthly Daily

Flow Rate (mgd) 3.75 1.11 30 20 10 Average Maximum

Mercury 0.006 0.009 0.4 0.2 0.1 0.44
Lead 0 0 0 0 4.7 80
Toluene 0 0 1 0.31 0.044 10
Chlorotoluene 0.023 0.026 5.2 2.5 0.13 10
Dichlorotoluene 0 0 1.3 0.52 0 7.2
Trichlorotoluene 0 0 0.29 0 0 6.6
Benzene 0.064 0.014 0.63 0.26 0.1 10
Chlorobenzene 0.27 0.069 2.1 1.2 0.42 25
Dichlorobenzene 0.3 0.13 4 2.1 0.41 8
Trichlorobenzene 0.073 0.046 4.3 1.6 0.078 3.2
Tetrachlorobenzene 0 0.0087 1.1 0.12 0 4
Hexachlorobenzene 0 0 0 0 0 0.44
Trichloroethylene 2.4 0.41 5.2 3.3 2.5 18
Tetrachloroethylene 0.97 0.15 2.7 1.6 1.1 10
Chlorobenzotrifluoride 0.035 0.025 0.86 0.26 0.078 12
Dichlorobenzotrifluoride 0 0 0.31 0 0 3.2
Hexachlorobutadiene 0 0.018 0.24 0 0 1.6
Hexachlorocyclopentadiene 0 0 0 0 0 4
Perchloropentacyclodecane (Mirex) 0 0.00015 0.006 0 0 0.016
Trichlorophenol 0 0 0.11 0 0 4
Hexachlorocyclohexane 0.0032 0.0031 0.21 0.12 0.026 0.5
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TABLE 7.1

SUMMARY OF REMEDIAL GOALS ACHIEVED
BY IMPLEMENTED INTERIM CORRECTIVE MEASURES

Bedrock Overburden Overburden
Groundwater Groundwater Soil Off-Site

Corrective Corrective Corrective Corrective
Remedial Goal Measures Measures Measures Measures

1. Restrict off-Site migration of OxyChem
hazardous waste constituents in the • •
bedrock groundwater.

2. Restrict off-Site migration of OxyChem
hazardous waste constituents in the •
overburden groundwater.

3. Restrict discharge of OxyChem hazardous •
waste constituents to the outfalls.

4. Restrict discharge of OxyChem hazardous •
waste constituents to the sanitary sewers.

5. Restrict  migration of OxyChem
hazardous waste constituents from the •
overburden to the bedrock.

6. Minimize human contact with OxyChem •
hazardous waste constituents in on-Site soils.

7. Minimize need for future/ongoing remediation • • •
and operation and maintenance activities.

8. Maintain compatibility with remedial efforts • • •
for specific areas of the Plant and Plant
operations.

9. Reduce concentration of OxyChem hazardous • • • •
waste constituents within the soil and
groundwater.

10.Protect City of Niagara Falls drinking water
supply system from releases of hazardous •
waste constituents.
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TABLE 7.2

APPLICABLE STATE AND FEDERAL STANDARDS AND GUIDELINES

FEDERAL SCGs NEW YORK STATE SCGs
Activity Title Subtitle Citation Title Subtitle Citation

Container Storage Standards for owners and operators of hazardous Condition of containers 40 CFR 264.171 Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
waste treatment, storage and disposal facilities Compatibility of waste with 40 CFR 264.172 facility permitting requirements

containers
Management of containers 40 CFR 264.173
Inspections 40 CFR 264.174
Containment 40 CFR 264.175

Discharge of Treatment Administered permit programs:  The national Establishing limitations, standards 40 CFR 122.44 and Implementation of NPDES program -- 6 NYCRR Part 750-757
System Effluent pollutant discharge elimination system and other permit conditions State regulations in New York State

approved under Technical and Operations Guidance Series -- --
40 CFR 131 Blending policy for use of sources of drinking water -- NYSDOH PWS 68

Criteria and standards for the national pollutant Best management practices 40 CFR 125.100 Drinking water supplies -- Part 5 of State Sanitary Code
discharge elimination program Discharge to waters of the U.S. 40 CFR 125.104 Use and protection of waters -- 6 NYCRR Part 608

Guidelines establishing test procedures for the Identification of test procedures 40 CFR 136.1-4
analysis of pollutants and alternate test procedures

Effluent guidelines and standards Organic chemicals plastics and 40 CFR Part 414
synthetic fibres

Excavation Land disposal restrictions (also see Closure) Treatment standards 40 CFR 268 (Subpart D) Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
facility permitting requirements

Incineration Off Site Standards for owners and operators of hazardous Waste analysis 40 CFR 264.341
waste treatment, storage and disposal facilities

Placement of Waste in Land disposal restrictions Treatment standards 40 CFR 268 (Subpart D) Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
Land Disposal Unit facility permitting requirements

Surface Water Control Standards for owners and operators of hazardous Design and operating requirements 40 CFR 264.251(c),(d) Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
waste treatment, storage and disposal facilities for waste piles facility permitting requirements 6 NYCRR Part 701 and Part 703

Design and operating requirements 40 CFR 264.273(c),(d)
for land treatment
Design and operating requirements 40 CFR 264.301(c),(d)
for landfills

Treatment (in a unit) Standards for owners and operators of hazardous Design and operating requirements 40 CFR 264.251 Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
waste treatment, storage and disposal facilities for waste piles facility permitting requirements

Design and operating requirements 40 CFR 265.373 Interim status standards for owners and operators -- 6 NYCRR Subpart 373-3
for thermal treatment units of hazardous waste facilities
Design and operating requirements 40 CFR 264.601 New York air pollution control regulations General provisions 6 NYCRR Part 200
for miscellaneous treatment units Permits and certificates 6 NYCRR Part 201

General prohibitions 6 NYCRR Part 211
General process emission sources 6 NYCRR Part 212
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TABLE 7.2

APPLICABLE STATE AND FEDERAL STANDARDS AND GUIDELINES

FEDERAL SCGs NEW YORK STATE SCGs
Activity Title Subtitle Citation Title Subtitle Citation

Treatment (when waste Land disposal restrictions Identification of waste 40 CFR 268.10-12 Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
will be land disposed) Treatment Standards Waste 40 CFR 268 (Subpart D) facility permitting requirements

Specific prohibitions - Solvent 40 CFR 268.30 Interim status standards for owners and operators -- 6 NYCRR Subpart 373-3
wastes RCRA Sections 3004  of hazardous waste facilities

(d) (3), (e) (3)
42 USC 6924 (d) (3),
(e) (3)

Waste Pile Standards for owners and operators of hazardous Design and operating requirements 40 CFR 264.251 New York air pollution control regulations General provisions 6 NYCRR Part 200
waste treatment, storage and disposal facilities Permits and certificates 6 NYCRR Part 201

General prohibitions 6 NYCRR Part 211
General process emission sources 6 NYCRR Part 212

Hazardous waste treatment, storage and disposal -- 6 NYCRR Subpart 373-1
facility permitting requirements
Interim status standards for owners and operators -- 6 NYCRR Subpart 373-3
of hazardous waste facilities

Closure with Waste Standards for owners and operators of hazardous Closure and post-closure care 40 CFR 264.258
in Place waste treatment, storage and disposal facilities

Post-closure care and groundwater 40 CFR 264.310
monitoring

Transporting Standards applicable to transporters of -- 40 CFR 263 Waste transport permits -- 5 NYCRR Part 364
Hazardous Waste Off hazardous waste Hazardous waste manifest system and related -- 6 NYCRR Part 372
Site standards for generators, transporters and

facilities
Air Releases through Clean Air Act National Primary and Secondary 40 CFR 53 to 60
Remedial Processes Ambient Air Quality Standards

National Emissions Standards for
Hazardous Air Pollutants
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TABLE 10.1

COMPLIANCE SCHEDULE FOR MONITORING AND REPORTING ACTIVITIES
CORRECTIVE ACTION PROGRAM

NIAGARA PLANT

Required
Frequency (1)

Monitoring Event

Bedrock Groundwater Corrective Measures

- Flow Monitoring Weekly
- Hydraulic Monitoring Monthly
- Chemical Monitoring Semi-annual

Overburden Groundwater Corrective Measures

- Flow Monitoring Weekly
- Hydraulic Monitoring Monthly
- Chemical Monitoring Semi-annual

NAPL Monitoring and Collection 

- Outfall 003 Collection Trench and OW313 Monthly
- OW402A and OW413A Semi-annual
- OW417A Annual
- A-Well and OW270 NAPL checks Annual
- Plant NAPL sumps Annual
- Energy Boulevard Drain Tile System Monthly
- Flow Zone 1 - MHA, MHB, MHC, MHD, MHE, OW572 (2) Monthly

Reporting Event

Bedrock Groundwater Corrective Measures

- Performance Report Quarterly
- Performance Evaluation Semi-annual 

Overburden Groundwater Corrective Measures

- Performance Report Quarterly
- Performance Evaluation Semi-annual 

NAPL Monitoring and Collection 

- Monitoring and Collection Report Annual 

Notes:
(1) Current required monitoring frequency.  Monitoring frequency is subject to change based on periodic 

performance reviews.
(2) Activity will commence in November 1998.
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TABLE 10.2

BEDROCK GROUNDWATER CHEMICAL MONITORING PARAMETERS

Method Detection
Analytes Units Level

Toluene µg/L 1
2-Chlorotoluene µg/L 1
4-Chlorotoluene µg/L 1
2,4/2,5-Dichlorotoluene µg/L 1
2,6-Dichlorotoluene µg/L 1
2,3/3,4-Dichlorotoluene µg/L 1
2,3,6-Trichlorotoluene µg/L 1
2,4,5-Trichlorotoluene µg/L 1
Chlorobenzene µg/L 1
1,2-Dichlorobenzene µg/L 1
1,3-Dichlorobenzene µg/L 1
1,4-Dichlorobenzene µg/L 1
1,2,3-Trichlorobenzene µg/L 1
1,2,4-Trichlorobenzene µg/L 1
1,2,3,4-Tetrachlorobenzene µg/L 1
1,2,4,5-Tetrachlorobenzene µg/L 1
Hexachlorobenzene µg/L 1
Trichloroethylene µg/L 1
Tetrachloroethylene µg/L 1
2-Chlorobenzotrifluoride µg/L 1
4-Chlorobenzotrifluoride µg/L 1
2,4-Dichlorobenzotrifluoride µg/L 1
3,4-Dichlorobenzotriflouride µg/L 1
Hexachlorobutadiene µg/L 1
Hexachlorocyclopentadiene µg/L 1
Octachlorocyclopentene µg/L 1
Perchloropentacyclodecane (Mirex) µg/L 1
2,4,5-Trichlorophenol µg/L 10
a-Hexachlorocyclohexane µg/L 1
b-Hexachlorocyclohexane µg/L 1
g-Hexachlorocyclohexane µg/L 1
d-Hexachlorocyclohexane µg/L 1
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TABLE  10.3

OVERBURDEN GROUNDWATER
CHEMICAL MONITORING PARAMETERS

Method Detection
Analytes Units Level

Toluene µg/L 1
2-Chlorotoluene µg/L 1
4-Chlorotoluene µg/L 1
2,4/2,5-Dichlorotoluene µg/L 1
Benzene µg/L 1
Chlorobenzene µg/L 1
1,2-Dichlorobenzene µg/L 1
1,3-Dichlorobenzene µg/L 1
1,4-Dichlorobenzene µg/L 1
1,2,4-Trichlorobenzene µg/L 1
1,2,3,4-Tetrachlorobenzene µg/L 1
1,2,4,5-Tetrachlorobenzene µg/L 1
Trichloroethylene µg/L 1
Tetrachloroethylene µg/L 1
2-Chlorobenzotrifluoride µg/L 1
4-Chlorobenzotrifluoride µg/L 1
3,4-Dichlorobenzotrifluoride µg/L 1
2,4,5-Trichlorophenol µg/L 10
a-Hexachlorocyclohexane µg/L 1
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