
 

 
 

 

 

SITE CLOSEOUT REPORT 
FOR THE 

TONAWANDA LANDFILL VICINITY PROPERTY 
 

TONAWANDA, NEW YORK 
 

AUTHORIZED PROJECT UNDER THE 

FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

 

 
JANUARY 2022 

 
 

 
 

PREPARED BY: 
U.S. ARMY CORPS OF ENGINEERS 

BUFFALO DISTRICT 
1776 NIAGARA STREET 

BUFFALO, NEW YORK 14207 
 
 
 

 

 

 

 



Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Site Closeout Report 

II 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page was intentionally left blank. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Site Closeout Report 

III 
 

TABLE OF CONTENTS 

LIST OF TABLES ............................................................................................................ V 
LIST OF FIGURES .......................................................................................................... V 
LIST OF APPENDICES .................................................................................................. VI 
ACRONYMS AND ABBREVIATIONS ........................................................................... VII 
DECLARATION OF RESPONSE ACTION COMPLETION .............................................. I 
EXECUTIVE SUMMARY ................................................................................................. 1 
SITE DESCRIPTION AND HISTORY ............................................................................. 1 
DOE ACTIVITIES ............................................................................................................ 1 
USACE ACTIVITIES ....................................................................................................... 2 
CURRENT STATUS ........................................................................................................ 2 
STAKEHOLDERS/REGULATORS.................................................................................. 3 
NEXT STEPS .................................................................................................................. 3 
ADMINISTRATIVE RECORD FILE AND ENVIRONMENTAL DATA TRANSFER .......... 3 
1.0 INTRODUCTION ..................................................................................................... 1 

1.1 MUDFLATS OPERABLE UNIT .......................................................................... 1 
1.2 LANDFILL OPERABLE UNIT ............................................................................ 1 

2.0 SITE LOCATION AND DESCRIPTION ................................................................... 2 
2.1 CURRENT AND FUTURE LAND USE .............................................................. 2 

3.0 SITE HISTORY ....................................................................................................... 4 
3.1 SITE OWNERSHIP ............................................................................................ 4 

3.1.1 DESIGNATION OF THE TONAWANDA LANDFILL VICINITY PROPERTY 
UNDER FUSRAP ....................................................................................... 4 

3.1.2 MUDFLATS OPERABLE UNIT .................................................................. 5 
3.1.3 LANDFILL OPERABLE UNIT ..................................................................... 5 

4.0 PREVIOUS INVESTIGATIONS AND RESPONSE ACTIONS ................................ 5 
4.1 DOE INVESTIGATIONS AND ACTIONS ........................................................... 5 
4.2 USACE AND NYSDEC INVESTIGATIONS AND ACTIONS .............................. 6 

5.0 SELECTED REMEDY ........................................................................................... 10 
5.1 MUDFLATS OPERABLE UNIT ........................................................................ 10 
5.2 LANDFILL OPERABLE UNIT .......................................................................... 11 

5.2.1 LANDFILL OPERABLE UNIT - BASELINE RISK ASSESSMENT ............ 12 
5.2.2 LANDFILL OPERABLE UNIT - REMEDIAL ACTION OBJECTIVES......... 14 
5.2.3 LANDFILL OPERABLE UNIT - ARARS .................................................... 14 
5.2.4 LANDFILL OPERABLE UNIT - CLEANUP CRITERIA .............................. 15 
5.2.5 LANDFILL OPERABLE UNIT - RECORD OF DECISION ......................... 16 

6.0 REMEDIAL ACTION SUMMARY .......................................................................... 16 
6.1 COMMUNITY INVOLVEMENT ........................................................................ 16 
6.2 MUDFLATS OPERABLE UNIT (NO ACTION ROD 2008) ............................... 19 
6.3 LANDFILL OPERABLE UNIT (REMEDIAL ACTION 2019–2020) ................... 19 

6.3.1 EXCAVATION AREAS ............................................................................. 20 
6.3.2 EXCAVATION SCREENING AND SIDEWALL CONFIRMATION 

SAMPLES ................................................................................................ 23 
6.3.3 WASTE DISPOSAL SUMMARY (2019) ................................................... 26 
6.3.4 BACKFILL AND SITE RESTORATION .................................................... 27 



Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Site Closeout Report 

IV 
 

7.0 LANDFILL OPERABLE UNIT - DEMONSTRATION OF CLEANUP QUALITY ..... 27 
7.1 RADON FLUX MONITORING SUMMARY ...................................................... 28 

7.1.1 COMPLIANCE FOR RADON FLUX SAMPLING ...................................... 28 
7.1.2 IMPLEMENTATION OF THE RADON SAMPLING PLAN ........................ 28 

8.0 LANDFILL OPERABLE UNIT - SUMMARY OF OPERATION AND MAINTENANCE
  .............................................................................................................................. 31 
9.0 LANDFILL OPERABLE UNIT - SUMMARY OF REMEDIAL COSTS .................... 31 
10.0 FIVE-YEAR REVIEWS .......................................................................................... 32 

10.1 MUDFLATS OPERABLE UNIT - REVIEWS NOT REQUIRED ........................ 32 
10.2 LANDFILL OPERABLE UNIT - FIVE-YEAR REVIEWS ................................... 32 

11.0 SITE TRANSFER FROM USACE TO DOE .......................................................... 32 
11.1 GENERAL SITE TRANSFER PROCESS ........................................................ 32 
11.2 SITE TRANSFER PROCESS FOR THE TONAWANDA LANDFILL VICINITY 

PROPERTY FUSRAP SITE ............................................................................. 33 
11.3 REMAINING GOVERNMENT RESPONSIBILITIES AND LONG-TERM 

STEWARDSHIP ACTIVITIES .......................................................................... 33 
11.3.1 MUDFLATS OPERABLE UNIT - REMAINING GOVERNMENT 

RESPONSIBILITIES AND LONG-TERM STEWARDSHIP ACTIVITIES .. 33 
11.3.2 LANDFILL OPERABLE UNIT - REMAINING GOVERNMENT 

RESPONSIBILITIES AND LONG-TERM STEWARDSHIP ACTIVITIES .. 33 
11.4 USACE SCHEDULE AND MILESTONES FOR REMEDY COMPLETION ...... 34 

11.4.1 MUDFLATS OPERABLE UNIT - USACE SCHEDULE AND MILESTONES 
FOR REMEDY COMPLETION ................................................................. 34 

11.4.2 LANDFILL OPERABLE UNIT - USACE SCHEDULE AND MILESTONES 
FOR REMEDY COMPLETION ................................................................. 34 

12.0 REFERENCES ...................................................................................................... 35 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

LIST OF TABLES 
Table 1: Mudflats Operable Unit Summary Of Reasonable Maximum Exposure Cancer Risk 

For All Exposure Units 
Table 2: Landfill Operable Unit Summary of Incremental Lifetime Cancer Risks for Current 

Conditions 
Table 3: Landfill Operable Unit Summary of Incremental Lifetime Cancer Risks for Future 

Baseline Conditions 
Table 4: Selected ARARs For Remedial Alternative Landfill Operable Unit 
Table 5: Cleanup Criteria For FUSRAP-Related COCs at the Landfill Operable Unit 
Table 6: Landfill Operable Unit Soil Excavation Summary (2019 Remedial Action) 
Table 7: Landfill Operable Unit Decision Units 
Table 8: Landfill Operable Unit Waste Disposal Summary (2019) 
Table 9: Landfill Operable Unit Excavation and Regional Areas 
Table 10: Landfill Operable Unit Summary of Remedial Costs  
 
LIST OF FIGURES 
Figure 1: Tonawanda Landfill Vicinity Property Site Location 
Figure 2: Tonawanda Landfill Vicinity Property Operable Unit Locations 
Figure 3: Areas of Investigation at Tonawanda Landfill Vicinity Property 
Figure 4: Conceptual Illustration of Alternative 3 Targeted Shallow Removal and Off-Site 

Disposal Of FUSRAP-Related Material at the Landfill Operable Unit 
Figure 5: Landfill Operable Unit Pre-Excavation Topographic Survey 
Figure 6: Landfill Operable Unit Initial Gamma Walkover Survey 
Figure 7: Landfill Operable Unit Construction Site Layout 
Figure 8: Landfill Operable Unit Final Site Conditions 
Figure 9: Landfill Operable Unit Final Gamma Walkover 
Figures 10-1 To 10-8: Landfill Operable Unit Initial and Final Excavation Limits - Excavation  

Areas A-H 
Figures 11-1 To 11-8: Landfill Operable Unit Decision Units - Excavation Areas A - H 
Figure 12: Landfill OU - USACE Area of Interest and Closed and Capped Areas 
Figure 13: Landfill OU - USACE Area of Interest and Inaccessible and Capped Areas 
Figure 14: Landfill Operable Unit Gross Radon Flux Sample Results for Region 1 (July 2020) 
Figure 15: Landfill Operable Unit Gross Radon Flux Sample Results for Region 2 (July 2020) 
Figure 16: Landfill Operable Unit Gross Radon Flux Sample Results for Region 3 (July 2020) 
 
 
 
 
 
 
 
 
 
 
 
 



Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Site Closeout Report 

VI 
 

LIST OF APPENDICES 
Appendix A: Landfill Operable Unit Table 5-4 - Confirmation Sample Results 

Table-5-4a - Tier II Confirmation Sample Results 
Table 5-4b - Tier II and Resampled Confirmation Sample Results 

Appendix B: Radon Sampling Plan for the Landfill OU of the Tonawanda Landfill Vicinity  
Property 

Appendix C: Final Survey Report for the Landfill OU of the Tonawanda Landfill Vicinity  
Property 

Appendix D: Procedures for Radon Flux (Ra222) Event for Landfill Operable Unit  
Tonawanda Landfill Vicinity Property 

Appendix E: Landfill Operable Unit Radon Flux Monitoring Results from the Radon Flux  
Monitoring Event July 2020 Tonawanda Landfill Vicinity Property 

Appendix F: Landfill Operable Unit Final Survey Report Tables 4 through 13 



 

ACRONYMS AND ABBREVIATIONS 
AEC  Atomic Energy Commission 
ARAR  applicable or relevant and appropriate requirement 
bgs below ground surface 
Bi-214 Bismuth-214 
BNI Bechtel National Incorporated 
BPA blanket purchase agreement 
BRA baseline risk assessment  
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
Ci curies 
cm centimeter(s) 
COCs constituents of concern 
COR Contracting Officer's Representative 
cpm counts per minute 
DOE  United States Department of Energy 
DOE-LM  DOE - Office of Legacy Management 
DU  decision unit 
DUL  decision unit layer 
ERS  Environmental Rail Solutions 
FS  feasibility study 
ft  foot (feet) 
ft2  square foot (feet) 
FUSRAP Formerly Utilized Sites Remedial Action Program 
GIS   geographic information system 
GPS  Global Positioning System 
IMC  intermodal container  
in  inch (inches) 
ISOCS in situ object counting system 
keV   kilo-electron volts 
km  kilometer(s) 
m  meter(s) 
m2  square meter(s)  
m3  cubic meter(s) 
MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual 
MED  Manhattan Engineer District 
mi   mile(s) 
mrem  milliroentgen equivalent man 
mrem/yr milliroentgen equivalent man per year 
MOU  memorandum of understanding 
 
 
 
 
 
 



 

ACRONYMS AND ABBREVIATIONS (continued) 
NCP  National Oil and Hazardous Substances Pollution Contingency Plan 
NYCRR New York Codes, Rules, and Regulations  
NYSDEC New York State Department of Environmental Conservation 
O&M  operations and maintenance 
OU  operable unit 
ORNL  Oak Ridge National Laboratory 
pCi/g  picocurie(s) per gram 
pCi/m2/s picocurie(s) per meter squared per second 
Praxair Praxair, Inc. 
QA   quality assurance 
QC  quality control 
Ra-226 radium-226 
RESRAD  RESidual RADioactivity 
RI  remedial investigation 
ROD  record of decision 
SCOR  site closeout report 
SOR  sum of ratios 
SOW  scope of work 
TEDE  total effective dose equivalent 
Th-230 thorium-230 
Utotal  total uranium 
U-234  uranium-234 
U-235  uranium-235 
U-238  uranium-238 
USACE United States Army Corps of Engineers 
USAGC United States Army Geospatial Center 
UU/UE unlimited use and unrestricted exposure  
WID  waterfront industrial district 
yd3  cubic yard(s) 



VIV 

DECLARATION OF RESPONSE ACTION COMPLETION 

DECLARATION OF RESPONSE ACTION COMPLETION AND
ISSUANCE OF THE SITE CLOSEOUT REPORT  
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The response actions at the Tonawanda Landfill Vicinity Property to the Linde Formerly 
Utilized Sites Remedial Action Program (FUSRAP) Site in Tonawanda, New York, are 
complete in accordance with the record of decision for the Landfill Operable Unit signed 
on September 29, 2017, and the record of decision for the Mudflats Operable Unit 
signed on September 30, 2008, and in compliance with the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, as 
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(NCP). Since contamination was left behind above levels that would allow unlimited use 
and unrestricted exposure of the Landfill Operable Unit of the Tonawanda Landfill 
Vicinity Property, reviews of the site will take place at least every five years. The initial 
statutory five-year review for the Tonawanda Landfill Vicinity Property is due 
May 28, 2024.  
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EXECUTIVE SUMMARY 
SITE DESCRIPTION AND HISTORY 
The Tonawanda Landfill Vicinity Property located in the Town of Tonawanda, New York, 
is comprised of a 22 hectare (55 acres) commercial/industrial zoned parcel. Residential 
developments border the vicinity property to the north and northwest. Interstate 290 
borders the vicinity property on the south and a railroad line to the east. The 
Tonawanda Landfill Vicinity Property is divided into two operable units (OUs): the 
Landfill OU, which houses the town’s municipal solid waste landfill, and the Mudflats 
OU. National Grid transmission lines to the south of the Landfill OU divide the Landfill 
OU and Mudflats OU.  
 
In the early 1900s, the western portion of the town’s landfill property was the site of a 
quarry. The quarry was reportedly abandoned in the 1920s when operators 
encountered water at a depth of 18 meters (m) (60 feet [ft]). Waste disposal at the 
landfill by the Town of Tonawanda began during the 1930s and continued through 1989. 
Landfill wastes disposed of in the former quarry included ash generated by the town’s 
incinerators, construction/demolition debris, and yard refuse (leaves, branches, etc.,) 
collected from town residents. The landfill occasionally accepted municipal solid waste 
and wastewater sludge from the Town of Tonawanda’s wastewater treatment plant 
when the incinerators were temporarily inoperable. 
 
In 2007, the Town of Tonawanda began the process of closing the municipal solid 
waste landfill. The Town of Tonawanda undertook this action under Title 6 of the New 
York Codes, Rules and Regulations (NYCRR) with New York State Department of 
Environmental Conservation (NYSDEC) providing oversight. The Town of Tonawanda 
installed a final cap over the 10 hectares (25 acre) eastern portion of the solid waste 
municipal landfill in 2011. In 2013, the Town of Tonawanda began constructing the final 
cap over the western portion of the solid waste municipal landfill but halted the work 
until the United States Army Corps of Engineers (USACE) completed the remedial 
action. 
 
DOE ACTIVITIES 
In 1992, the United States Department of Energy (DOE) designated a portion of the 
landfill and adjacent mudflats together as a Formerly Utilized Sites Remedial Action 
Program (FUSRAP) vicinity property to the Linde FUSRAP Site. The designation was 
based on a DOE radiological survey conducted in 1991 to determine whether FUSRAP-
related material from the nearby Linde FUSRAP Site was in the Town of Tonawanda’s 
municipal solid waste landfill. Laboratory results indicated some soil samples exhibited 
characteristics similar to Manhattan Engineer District (MED) product formerly produced 
at the Linde facility, and others were consistent with the byproducts of the refinery 
process conducted at the same Linde facility. Impacted areas of the landfill and 
mudflats were subsequently designated together as a vicinity property of the Linde 
FUSRAP Site. 
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USACE ACTIVITIES 
In October 1997, Congress transferred overall responsibility for implementing FUSRAP 
from DOE to USACE and directed that FUSRAP remediation be conducted in 
accordance with the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA). With this transfer, USACE assumed responsibility for a 
response, if necessary, at the Tonawanda Landfill Vicinity Property (USACE, 2017). 
 
Since that time, USACE completed several studies at the Tonawanda Landfill Vicinity 
Property for the Mudflats OU and the Landfill OU. These included a human health risk 
assessment (1999), a remedial investigation (2005), and a proposed plan (2007) for the 
vicinity property. The comments received on the 2007 proposed plan indicated that 
further evaluation was needed to determine the exposure assessment for current and 
future land use and reinvestigate the extent of FUSRAP-related material in the Landfill 
OU.  
 
In 2008, USACE signed a no-action record of decision (ROD) for the Mudflats OU 
portion of the Tonawanda Landfill Vicinity Property after it was determined that risks 
were within acceptable limits established in the National Oil and Hazardous Substances 
Pollution Contingency Plan (NCP).  
 
The remainder of the USACE studies, which included a historical photo analysis (2009), 
phase 2 remedial investigation (USACE 2011), updated baseline risk assessment 
(USACE 2012a), feasibility study (USACE 2015a), proposed plan (USACE 2015b), and 
ROD (USACE 2017) focused on the Landfill OU.  
 
In 2017, USACE issued a ROD for the Landfill OU to conduct targeted shallow removal 
of FUSRAP-related contaminants that exceeded the cleanup criteria within the top 
1.5 m (5 ft) below ground surface (bgs), with disposal at an appropriate off-site disposal 
facility. Between May 2019 and May 2020, USACE excavated FUSRAP-related 
material, backfilled, and seeded the area to complete the remediation. To close out the 
site, USACE completed radon flux monitoring in July 2020 to ensure the radon flux 
measurements at the surface were below the cleanup criteria as established in the 
ROD.  
 
CURRENT STATUS 
USACE is currently in the process of closing the Tonawanda Landfill Vicinity Property 
site in accordance with CERCLA. This Site Closeout Report (SCOR) provides a 
consolidated record of all removal and remedial activities conducted at the 
Tonawanda Landfill Vicinity Property and documents compliance with all statutory 
requirements. The implemented remedies achieved the degree of cleanup and 
protection specified in the RODs (USACE 2008, 2017) for the Tonawanda Landfill 
Vicinity Property.  
 
 



Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Site Closeout Report 

ES3 
 

STAKEHOLDERS/REGULATORS 
Stakeholders for this project include several federal, state, and local elected officials 
and agency representatives, nearby residents, and members of the Riverview 
Elementary School community. Comments on the 2015 proposed plan for the Landfill 
OU of the Tonawanda Landfill Vicinity Property were provided by the United States 
Environmental Protection Agency Region 2, NYSDEC, the New York State Department 
of Health, the Erie County Department of Environment and Planning, the City of 
Tonawanda, the Town of Tonawanda, and the general public. 
 
NEXT STEPS 
The USACE is responsible for a two-year maintenance period at the site, which begins 
when the Division Commander signs the Declaration of Response Action Completion in 
this Tonawanda Landfill Vicinity Property SCOR. After the two-year maintenance period 
the Department of Energy - Office of Legacy Management (DOE-LM) will assume 
responsibility. The USACE maintenance period is anticipated to occur from March 
2022–2024, with transfer to DOE-LM occurring March 2024. No action for the Mudflats 
OU is warranted. Under CERCLA, five-year reviews for the Tonawanda Landfill Vicinity 
Property Landfill OU will occur in accordance with applicable laws and regulations 
following remedial action since contamination was left behind above levels that would 
allow unlimited use and unrestricted exposure. This five-year statutory review will 
determine whether the remedy remains protective of human health and the environment. 
The initial statutory five-year review for Tonawanda Landfill Vicinity Property Landfill OU 
is due May 28, 2024, which is five years from the site mobilization date of the remedial 
action. The initial five-year review will be the responsibility of USACE to complete as the 
preparation of the document must begin within the two-year USACE maintenance 
period in order for the five-year review report to be completed by the due date.  
 
ADMINISTRATIVE RECORD FILE AND ENVIRONMENTAL DATA TRANSFER 
The administrative record file for the Tonawanda Landfill Vicinity Property contains 
CERCLA-related documentation used in the decision-making process for the site. 
Reports and documents in the administrative record file may be viewed at the following 
locations: 
 
USACE Buffalo District (by appointment only)     
1776 Niagara Street       
Buffalo, New York 14207        
1-800-833-6390 (Option 4) 
 
Tonawanda Landfill Vicinity Property website: 
https://www.lrb.usace.army.mil/Missions/HTRW/FUSRAP/Tonawanda-Landfill/ 
 
These administrative record file repositories will be retained by USACE until the 
Tonawanda Landfill Vicinity Property is officially transferred to DOE-LM, after which the 
DOE-LM will be responsible for records management for this site. The transfer of all site 
records and environmental data to DOE-LM will occur March 2024. 
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1.0 INTRODUCTION 

The Tonawanda Landfill Vicinity Property in the Town of Tonawanda, Erie County, New 
York, has been remediated by United States Army Corps of Engineers (USACE) under 
the Formerly Utilized Sites Remedial Action Program (FUSRAP).  
 
Under FUSRAP, USACE is authorized to investigate, and if necessary, clean up or 
control sites throughout the United States contaminated as a result of Manhattan 
Engineer District (MED) or Atomic Energy Commission (AEC) activities conducted in 
support of the nation's early atomic energy and weapons program. In accordance with 
Section 611 of Public Law 106-60 (U.S. Congress 1999), response actions conducted 
by USACE under FUSRAP are subject to, and conducted in accordance with, the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 
of 1980 (42 U.S.C 9601 et seq.), as amended, and the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP) (40 CFR Part 300). CERCLA and the 
NCP provide the processes for characterizing the nature and extent of releases of 
hazardous substances, such as radionuclides, evaluating alternatives for remedial 
actions, proposing, and considering state and public comments on a remedial action, 
and deciding upon and carrying out a remedial action. 
 
The Tonawanda Landfill Vicinity Property is currently in the process of closing the site in 
accordance with CERCLA. The site is comprised of two Operable Units (OUs); the 
Mudflats OU and the Landfill OU. The remedy for each OU at the Tonawanda Landfill 
Vicinity Property is summarized below.  

1.1 MUDFLATS OPERABLE UNIT 

The no action record of decision (ROD) for the Mudflats OU was signed in September 
2008. USACE determined that the radiological risks from radium, uranium, and thorium 
present in the Mudflats OU are below the health risk action levels as specified in the 
NCP. No action for the Tonawanda Landfill Vicinity Property Mudflats OU is warranted 
(USACE 2008).  

1.2 LANDFILL OPERABLE UNIT 

The ROD for the Landfill OU was signed in September 2017. The remedial action was 
completed between May 2019 and May 2020. Radon flux sampling performed in July 
2020 verified the radon flux measurements at the surface were below the established 
cleanup criteria and that USACE achieved the degree of cleanup and protection 
specified in the ROD for the Landfill OU.  
 
Five-year CERCLA statutory reviews will be performed at the Landfill OU, in accordance 
with applicable laws and regulations following remedial action to determine whether the 
remedy remains protective of human health and the environment since contamination 
was left behind above levels that would allow unlimited use and unrestricted exposure 
(UU/UE).  
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USACE is responsible for a two-year maintenance period beginning after the Division 
Commander signs the Declaration of Response Action Completion in this Tonawanda 
Landfill Vicinity Property SCOR. After this two-year period, the DOE-LM will assume 
responsibility of the site. The USACE maintenance period is from March 2022–2024, 
with transfer to DOE-LM occurring March 2024. 
 

2.0 SITE LOCATION AND DESCRIPTION 

The Tonawanda Landfill Vicinity Property is approximately 16 kilometers (km) (10 miles 
[mi]) north of downtown Buffalo and 2.4 km (1.5 mi) north of the Linde FUSRAP Site 
(Figure 1). The Tonawanda Landfill Vicinity Property consists of two OUs owned by 
Town of Tonawanda. The Landfill OU, which houses the Town of Tonawanda’s 
municipal solid waste landfill, and the Mudflats OU (Figure 2). The vicinity property is 
located at the northern end of East Park Drive.  
 
The Mudflats OU is approximately 46.5 hectares (115 acres) in size and is bordered by 
a National Grid easement to the north, a railroad line to the east, the former incinerator 
access road to the west, and Interstate 290 (Youngmann Expressway) to the south. The 
Mudflats OU was originally a single parcel owned by the Town of Tonawanda, but has 
since been divided into smaller parcels to be sold by the Town of Tonawanda to 
businesses; and is known as the North Youngmann Commerce Center. Transecting the 
Mudflats OU are several abandoned sewer lines, an active water line, and active 
sanitary sewer line. The active sanitary sewer line conveys flow to the Town of 
Tonawanda wastewater treatment plant to the west. During the installation of the 
sanitary sewer line through the mudflats in 1996, the construction activities appear to 
have disturbed the MED-like material that was identified during previous investigations 
(Oak Ridge National Laboratory [ORNL] 1992). The USACE sampling activities 
conducted in 1999, after the sewer line construction was completed, yielded significantly 
lower concentrations than the previous DOE investigations. 
 
The Landfill OU is comprised of approximately 22 hectares (55 acres). There is a 
railroad line to the east and a parcel containing National Grid transmission lines to the 
south. The residential developments bordering the north and northwest of the Landfill 
OU sit within the City of Tonawanda. 

2.1 CURRENT AND FUTURE LAND USE 

According to Map 3 in the Town Of Tonawanda 2014 Comprehensive Plan Update 
report (Tonawanda Town Board 2015), the entire Tonawanda Landfill Vicinity Property 
is zoned as a waterfront industrial district (WID). Chapter 215-70 of the Zoning Local 
Law of the Town of Tonawanda County of Erie, State of New York. The Code of the 
Town of Tonawanda identifies the following permitted uses of a WID-zoned site: public 
and private parklands and trails, boat storage facility, light industry, assembly of 
component parts, wholesale business and storage, warehousing, and storage of goods 
for distribution, public utilities, research facilities (including laboratories and testing 
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facilities), and business offices or medical professional buildings. The following shall be 
permitted with a special use permit: service or repair of an industrial nature, retail sales 
of merchandise and/or services, nursery schools and day-care centers to primarily 
serve employees in the district, commercial laundry plants; bottling plants, and any 
other commercial, industrial or warehousing use which is determined by the Town 
Board, in consultation with the Town Planning Board, to be similar to permitted or 
specially permitted uses, and which is compatible with the purpose and intent of this 
district. The site use restrictions associated with a WID zoning designation are 
residential dwelling units (other than temporary quarters, such as for a plant watchman 
or caretaker), junk yards, waste transfer or disposal, land mining, and stockyards.  
 
The Mudflats OU is owned by the Town of Tonawanda. The demolition of the former 
incinerator was completed by the Town of Tonawanda in 2002. This area has been 
divided by the Town of Tonawanda into multiple parcels. Portions of the Mudflats OU 
are still owned by the Town of Tonawanda and are being used as debris collection 
locations for the Town of Tonawanda Department of Public Works. Street sweepings, 
mulch, tree limbs, etc., are stored on these portions of the Mudflats OU. According to 
Map 2 in the Town Of Tonawanda 2014 Comprehensive Plan Update report 
(Tonawanda Town Board 2015), the land use designation of the Mudflats OU is 
commercial. Some parcels in the Mudflats OU have been sold to businesses, creating a 
business/industrial park. This business park is now known as the North Youngmann 
Commerce Center. There is evidence of recreational use (walking, riding dirt bikes, etc.) 
in the Mudflats OU. However, a commercial/industrial future use would also be 
protective of a recreational future use. Therefore, USACE has determined that the 
reasonable future site use of the Mudflats OU is commercial/industrial. 
 
The Town of Tonawanda 2014 Comprehensive Plan Update report (Tonawanda Town 
Board 2015) indicates on Map 2 that the current land use for the Landfill OU is 
Utilities/Infrastructure/Transportation. The Landfill OU currently houses a New York 
State Department of Environmental Conservation (NYSDEC) listed, chemically 
impacted solid waste landfill that the Town of Tonawanda is in the process of closing in 
accordance with the NYSDEC Solid Waste Management, 6 New York Codes, Rules, 
and Regulations (NYCRR) Part 360. As such, the solid waste landfill is subject to state 
land use controls enforceable by the NYSDEC. The Landfill OU is bordered on the north 
by City of Tonawanda residents. There are several openings/breaches in the fence that 
separate the Landfill OU from the adjacent residential neighborhood. There is evidence 
of grass cutting (mowing) in an area within the Landfill OU just inside this fence. It is 
evident that recreation activities occur at the Landfill OU, the site shows evidence that 
people walk, ride bikes, and walk dogs in this area of the landfill. In further support of 
these observations of activity, several community members provided comments on the 
proposed plan (USACE 2007) indicating that children sometimes traverse the landfill on 
the way to the nearby Riverview Elementary School. The future land use figure in the 
Town’s report indicates that within the WID, the Landfill OU is designated as 
commercial/light industrial land use. The report and Map 12 indicate planning and 
potential development for the re-use of the landfill for recreational use. Based on this 
information and public activity on the Landfill OU, USACE has determined that the 
reasonable future land use of the Landfill OU is recreational.  
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Now that USACE activities are complete at the Landfill OU, the Town of Tonawanda 
plans to close the landfill and with potential for recreational use. The NYSDEC is the 
state agency coordinating with the Town of Tonawanda for the closure procedure and 
capping design for the landfill. Landfill closure activities may commence by the Town of 
Tonawanda within the time frame of site transfer from USACE to DOE-LM. 
 

3.0 SITE HISTORY 

In the early 1900’s a quarry was located in the western portion of the Landfill OU 
property. In the 1920’s, the quarry was reportedly abandoned at a depth of 18 m (60 ft) 
when water was encountered. The landfill was operated as a municipal landfill by the 
Town of Tonawanda from the mid-1930s through October 1989. Wastes disposed in the 
landfill included ash generated by incinerators (formerly located just west of the 
mudflats), construction/demolition debris, and yard refuse (leaves, branches, etc.) 
collected from Town residents. On occasion, the landfill accepted municipal solid waste 
and wastewater sludge, but only when the incinerators were temporarily inoperable and 
unable to incinerate the waste. The incinerators, operated by the Town of Tonawanda 
between the 1940’s and the early 1980’s, were used to burn municipal solid waste and 
sludge generated at the Town of Tonawanda’s Wastewater Treatment Plant. The 
incinerators were located at the western edge of the Mudflats OU until they were 
demolished in 2002. Other than the incinerators, the Mudflats OU has historically 
always been vacant. 

3.1 SITE OWNERSHIP 

The Tonawanda Landfill Vicinity Property consists of two parcels of property owned by 
the Town of Tonawanda. The first is the Town of Tonawanda Landfill, also known as the 
Landfill OU, and the second is the Mudflats OU. 

3.1.1 DESIGNATION OF THE TONAWANDA LANDFILL VICINITY 
PROPERTY UNDER FUSRAP 

Although neither the landfill nor mudflats were known to be directly involved in past 
MED activities, in 1992 the DOE designated the landfill and adjacent mudflats together 
as the FUSRAP Tonawanda Landfill Vicinity Property. The designation was based on a 
DOE radiological survey conducted in 1991 to determine whether FUSRAP-related 
material from the nearby Linde FUSRAP Site was in the Town of Tonawanda’s 
municipal solid waste landfill. Laboratory results indicated some soil samples exhibited 
characteristics similar to MED product formerly produced at the Linde facility, and other 
samples were consistent with the byproducts of the refinery process conducted at the 
same Linde facility. Due to the similarity between the material found in the landfill and 
mudflats, and material found at the Linde Site, the impacted areas of the landfill and 
mudflats were subsequently assigned together as a vicinity property of the Linde 
FUSRAP Site and designated as the Tonawanda Landfill FUSRAP Vicinity Property. 
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3.1.2 MUDFLATS OPERABLE UNIT 

The Mudflats OU was previously entirely owned by the Town of Tonawanda. This area 
has been divided into multiple parcels and is now known as the North Youngmann 
Commerce Center. Unifrax LLC, First Source, and MJ Mechanical each purchased 
parcels from the Town of Tonawanda. Other parcels of the North Youngmann 
Commerce Center are currently in the process of being sold.  

3.1.3 LANDFILL OPERABLE UNIT 

The Landfill OU is currently owned and operated by the Town of Tonawanda. 
 

4.0 PREVIOUS INVESTIGATIONS AND RESPONSE ACTIONS 

Several entities investigated the Tonawanda Landfill Vicinity Property to determine the 
nature and extent of the radioactivity in the Town of Tonawanda municipal solid waste 
landfill (Landfill OU) and the Mudflats OU. Summaries of these investigations were 
documented in the reports  provided below. Additional detailed information on these 
reports can be found in the remedial investigation (RI) report (USACE 2005): 

• 1990 Mobile Gamma Scan (DOE) 
• 1991 Radiological Survey (DOE) 
• 1994 Soil Sampling (DOE) 
• 1999 Human Health Assessment (USACE) 
• 2005 Remedial Investigation (USACE) 
• 2007 Proposed Plan (USACE) 
• 2007 Residential Gamma Walkover Survey (NYSDEC) 
• 2008 Residential Sump Sampling (NYSDEC) 
• 2008 Mudflats Operable Unit Record of Decision (USACE) 
• 2009 Historical Photographic Analysis (USACE) 
• 2011 Phase 2 Remedial Investigation (USACE) 
• 2012 Baseline Risk Assessment (USACE) 
• 2012/2013 Environmental Monitoring (USACE) 
• 2015 Feasibility Study (FS) and Proposed Plan (USACE) 
• 2017 Record of Decision for the Landfill Operable Unit (USACE) 

4.1 DOE INVESTIGATIONS AND ACTIONS 

DEPARTMENT OF ENERGY 1990 MOBILE GAMMA SCAN 
In 1990, the DOE performed a mobile gamma scanning survey of three properties and 
associated roadways near the Linde Site, including the Town of Tonawanda Landfill. 
The DOE detected radionuclide levels above background within the landfill. Later 
sampling of the elevated locations showed them to be uranium-238 (U-238) and 
radium-226 (Ra-226). These are two isotopes consistent with the material expected to 
be in ore processing byproducts generated at the Linde Site (Oak Ridge National 
Laboratory [ORNL] 1990). 
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DEPARTMENT OF ENERGY 1991 RADIOLOGICAL SURVEY 
The DOE conducted a limited radiological investigation in September 1991 that 
consisted of gamma walkover scans, radiation dose rate measurements, and the 
collection and analysis of systematic and biased soil samples to a maximum depth of 
0.76 m (2.5 ft) (ORNL 1992). Results of the investigation detected soils in the landfill 
and mudflats exceeding the radionuclide concentrations guideline established by the 
DOE for the Tonawanda FUSRAP sites (Linde, Ashland 1, Ashland 2, and Seaway). 
Laboratory results indicated some soil samples exhibited characteristics similar to MED 
product formerly produced at the Linde facility, and others were consistent with the 
byproducts of the refinery process conducted at the same Linde facility. Impacted areas 
of the landfill and mudflats were subsequently designated together as a vicinity property 
of the Linde FUSRAP Site (DOE 1992). 
 
DEPARTMENT OF ENERGY 1994 SOIL SAMPLING 
The DOE conducted additional soil sampling activities at the landfill and mudflats in 
1994 to determine the vertical extent of FUSRAP-related material at the vicinity property 
(Bechtel National Incorporated [BNI] 1995). 

4.2 USACE AND NYSDEC INVESTIGATIONS AND ACTIONS 

USACE 1999 HUMAN HEALTH ASSESSMENT 
Using data from the DOE’s 1991 and 1994 investigations, USACE completed a human 
health risk assessment for both the landfill and mudflats parcels of the Tonawanda 
Landfill Vicinity Property (USACE 1999). For the recreational site user scenario, risks 
were within the acceptable risk range established in the NCP. After reviewing several 
closure scenarios for the landfill and their associated radiation doses and health risks, 
USACE concluded that if the landfill was closed with radiologically impacted soil left in 
place and was properly maintained after closure, risk of exposure to site users would be  
within the acceptable risk range established in the NCP. 
 
USACE 2005 REMEDIAL INVESTIGATION 
Following discussions with the state regulator and other stakeholders, USACE decided 
there was not enough data available to definitively conclude whether action was 
required at the Tonawanda Landfill Vicinity Property. Therefore, USACE proceeded with 
an RI. USACE conducted field sampling of surface and subsurface soil, groundwater, 
surface water, and sediment in 2001. The USACE investigation did not indicate any 
elevated radioactivity within the same order of magnitude that DOE had identified 
earlier. Based on the RI and the results of the baseline risk assessment (BRA) 
conducted as part of the RI, USACE concluded that soils containing uranium, radium, 
and thorium could safely remain in place in their current condition (USACE 2005). 
Figure 3 indicates areas of investigation for the entire Tonawanda Landfill Vicinity 
Property.  
 
USACE 2007 PROPOSED PLAN 
On March 26, 2007, USACE released the Proposed Plan for the Tonawanda Landfill 
Vicinity Property Site. This proposed plan recommended no action for the FUSRAP-
related material (uranium, radium, and thorium) found at the site (USACE 2007a). 
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USACE conducted a public meeting to present the proposed plan on April 25, 2007, at 
the City of Tonawanda High School Auditorium (USACE 2007b). During the April 25 
public meeting, 19 speakers presented comments on the proposed plan (USACE 
2007b). In addition, written comments came from federal, state, and local stakeholders, 
New York State environmental and health agencies, nearby residents, and members of 
the Riverview Elementary School community and representatives. Due to significant 
public interest, USACE provided an extended public comment period totaling 203 days. 
All comments opposed the no-action plan, specifically for the Landfill OU.  
 
Many comments argued that because of the Landfill OU’s proximity to the school and 
residential development, the BRA’s exposure parameters for the recreational/trespasser 
land use scenario underestimated the actual potential exposures to adults and children 
traversing the landfill. Specific comments from various stakeholders indicated that the 
input parameter values used in the BRA for both exposure frequency and exposure 
duration could be increased, based on population dynamics of the community and use 
of the area. The comments indicated that people reside longer in the adjacent 
neighborhood and spend more time on landfill property than had previously been 
assumed. The comments received on the proposed plan indicated that further 
evaluation was needed for the exposure assessment for current and future land use and 
to resolve the discrepancy between the DOE 1991, DOE 1994, and USACE 2001 data. 
Therefore, USACE determined it needed further sampling to confirm the extent of 
radioactive contamination at the Landfill OU. The general response to public comments 
received on the proposed plan was USACE would reinvestigate the extent of FUSRAP-
related material in the Landfill OU and reevaluate the exposure parameters in the BRA. 
 
NYSDEC 2007 RESIDENTIAL GAMMA WALKOVER SURVEY 
Following the release of the no-action proposed plan for FUSRAP-related material in the 
landfill, the City of Tonawanda requested that NYSDEC conduct additional testing to 
determine the potential for radioactivity to migrate into the neighboring residential 
properties. In response NYSDEC conducted two radiological investigations of adjacent 
properties, where the property owners gave them permission to investigate. The first 
investigation involved radiological gamma walkover surveys of several residential 
properties and the Riverview Elementary School property in the vicinity of the Landfill 
OU (NYSDEC 2007). Of those properties that border the Landfill OU, the area within 
approximately 6 m (20 ft) of the boundary was surveyed using a 5 centimeter (cm) x 5 
cm (2 in x 2 in) sodium iodide (NaI) detector. The NYSDEC also surveyed one nearby 
property that does not border the Landfill OU and all of the Riverview Elementary 
School property. No gamma walkover survey results from any of the residential 
properties exceeded the NYSDEC’s investigative level of 2,000 counts per minute (cpm) 
above the average background for the area (11,200 cpm). However, on the Riverview 
Elementary School grounds, the investigative level was exceeded; it was confirmed with 
one-minute static counts in two locations. The NYSDEC then collected soil samples 
from each of these areas and sent them to an NYSDEC-approved laboratory for 
analysis. The soil samples contained naturally occurring levels of radioactivity and did 
not exhibit characteristics of FUSRAP-related material. As NYSDEC stated, “The 
analytical results for these samples indicate that the soil contains naturally occurring 
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radioactive material, in normal concentrations, and cesium-137, which is a residue from 
the radioactive fallout from atmospheric testing of nuclear weapons in the past. There is 
no indication of radiological contamination.” These results are consistent with the 
readings obtained. They illustrate the fact that the investigative level used in this survey 
was very conservative. The survey concluded that there was no evidence of radioactive 
waste from uranium ore processing in the areas surveyed (NYSDEC 2007). 
 
NYSDEC 2008 RESIDENTIAL SUMP SAMPLING 
The second NYSDEC investigation involved sampling and analyzing sump water in 
basements of representative residential properties adjacent to the landfill (NYSDEC 
2008). Ten residential properties ranging in locations from the far western end of 
Wadsworth Court to the eastern end of Hackett Drive were sampled. In addition, the 
NYSDEC sampled two homes several blocks to the north as background or control 
locations. The results of this sump sampling program indicated that contaminants from 
the landfill were not entering the sumps of homes bordering the landfill. 
 
USACE 2008 MUDFLATS OPERABLE UNIT RECORD OF DECISION 
Following the public comment period on the proposed plan, USACE divided the 
Tonawanda Landfill Vicinity Property into the Mudflats OU and Landfill OU areas. 
USACE signed a no action ROD for the Mudflats OU after it determined that risks from 
FUSRAP-related constituents of concern (COCs) in that OU were within acceptable 
limits established in the NCP (USACE 2008b). 
 
USACE 2009 HISTORICAL PHOTOGRAPHIC ANALYSIS 
USACE completed a geographic information system-based historical photographic 
analysis of the Landfill and Mudflats OUs (United States Army Geospatial Center 2009). 
The results of this historical photographic analysis were used in conjunction with results 
from previous DOE and USACE investigations in the Landfill OU in planning the 
supplemental RI sampling. 
 
USACE 2011 PHASE 2 REMEDIAL INVESTIGATION 
From 2009 through 2011, USACE conducted additional sampling of on-site surface and 
subsurface soils, on-site tree vegetation, on-site groundwater, and on-site and off-site 
surface water and sediment for the Landfill OU of the Tonawanda Landfill Vicinity 
Property (USACE 2011). This Phase 2 RI sampling of the Landfill OU media occurred in 
three separate efforts. The first effort was led by USACE personnel, who sampled 
sediment, surface water, existing groundwater wells, and vegetation in the summer and 
fall of 2009. The second effort was to further investigate surface and subsurface soil, 
sediment, and groundwater in 2010. USACE collected surface water and sediment 
samples from off-site portions of a site drainage ditch in November 2011. The USACE 
investigations from 2009 through 2011 confirmed the presence of buried FUSRAP-
related material in the Landfill OU at concentrations similar to those the DOE found in 
the early 1990s (USACE 2011). USACE also confirmed that uranium in Landfill OU soils 
appears to be leaching into groundwater and subsequently discharging to surface 
water. 
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USACE 2012 BASELINE RISK ASSESSMENT 
In 2012, USACE used the results from the Phase 2 RI sampling to prepare an updated 
BRA. This included developing an updated site-specific exposure assessment to 
determine the duration and frequency of potential exposure of site users to FUSRAP-
related material in the Landfill OU. The updated BRA used the 2009 through 2011 
dataset because that dataset most accurately represented the nature and extent of 
contamination at the site and because it provided a more comprehensive number of 
samples than that obtained by USACE in 2001. It was also closer in magnitude to DOE 
1991 and 1994 data. The updated BRA concluded that for current site users of the 
Landfill OU (i.e., trespasser or construction worker), as the landfill was then configured, 
the risks to human health from potential exposures to FUSRAP-related material buried 
within the Landfill OU were within the acceptable limits established in the NCP. 
However, if no action was taken to address the FUSRAP-related material, then for the 
future-use scenario of a recreational user, the human health risk may exceed the NCP 
limit; this was because deeper buried contamination could become exposed through 
natural erosion. The BRA also assessed the potential risk from incidental ingestion of 
surface water and groundwater at the site and found the risk to be well within the 
acceptable NCP limit. The screening level ecological risk assessment, performed as 
part of the updated BRA, evaluated both on-site exposures within the Landfill OU and 
off-site exposures in the northern drainage ditch where it leaves the Landfill OU and 
intersects Two Mile Creek. The conclusion was that ecological risks were negligible, 
and no action was warranted for protection of ecological receptors. The updated BRA 
concluded that aquatic life in surface water bodies downgradient of the northern 
drainage ditch, such as the aquatic habitat in Two Mile Creek, was not likely to be 
impacted by uranium (USACE 2012a). 
 
USACE 2012 AND 2013 ENVIRONMENTAL MONITORING 
USACE conducted annual environmental monitoring activities at the Landfill OU in 2012 
and 2013. They included groundwater sampling and surface water and sediment 
sampling in the drainage ditch both on-site and off-site (USACE 2012b, 2014). While the 
groundwater and sediment sampling results from these events were consistent with 
previous sampling efforts, surface water samples collected in April 2013 from the off-site 
portion of the drainage ditch exhibited levels of uranium above the ecological screening 
level for aquatic life. However, subsequent surface water sampling of Two Mile Creek 
(in November 2013, April 2014, and March 2015) found levels of uranium below the 
ecological screening level. 
 
USACE 2015 FEASIBILITY STUDY AND PROPOSED PLAN 
On September 10, 2015, USACE released the FS along with the proposed plan for the 
Landfill OU of the Tonawanda Landfill Vicinity Property. The FS presented the 
identification, development, and detailed analysis of four remedial alternatives designed 
to address FUSRAP-related COCs in the Landfill OU of the Tonawanda Landfill Vicinity 
Property. USACE recommended Alternative 3, targeted shallow removal to 1.5 m (5 ft) 
with off-site disposal for the FUSRAP-related material (uranium, thorium, and radium) 
found at the site (USACE 2015a, 2015b). 
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USACE 2017  RECORD OF DECISION FOR THE LANDFILL OU 
After a public comment period, USACE selected Alternative 3 as the final remedy for 
FUSRAP-related material. Alternative 3 involved targeted shallow soil removal and off-
site disposal of FUSRAP-related materials. 
 

5.0 SELECTED REMEDY 

The 2007 proposed plan issued for the Tonawanda Landfill Vicinity Property covered 
both the Town of Tonawanda Landfill and Mudflats properties. Due to the volume and 
nature of the public response to the 2007 proposed plan, USACE split the Tonawanda 
Landfill Vicinity Property into two separate OUs: the Mudflats OU, and the Landfill OU. 
This division into OUs allowed USACE to separately evaluate and respond to the public 
interest in the Landfill OU. The decision for the Mudflats OU and the remedial action for 
the Landfill OU is summarized in the following sections.  

5.1 MUDFLATS OPERABLE UNIT 

The RI Report (USACE 2005) further delineated the extent of FUSRAP-related 
contamination present at the Landfill OU and Mudflats OU by supplementing the 
available site material sample data from prior DOE investigations in 1991 and 1994 with 
the 2001 USACE investigation sample results. The RI report contains the BRA, which 
calculates cancer risks to human health posed by FUSRAP-related material at the site. 
The BRA identified the COCs as U-238, U-235, Th-232 and their daughter products 
Th-230 and Ra-226. The Tonawanda Landfill Vicinity Property was divided into 
exposure units to facilitate determining sampling locations, the calculation of exposure 
point concentrations, and calculating radioactive risks. Exposure Units 1 and 2 were 
located in the Landfill OU. Exposure Units 3, 4, and 5 were located in the Mudflats OU. 
Exposure scenarios representing the current and reasonable future site uses of the 
Mudflats OU include a recreational user, a construction worker, and an industrial 
worker. Residential future use is believed to be unlikely; however, residential scenarios 
(adult and child) were analyzed for the Mudflats OU. The RESidual RADioactivity 
(RESRAD) software calculated the total excess cancer risk to this range of site users 
over a 1,000 year period using COC concentrations based on the soil sample results at 
the Mudflats OU. Additional data tables within the RI contain the sampling data and 
radiological risk data. From the Mudflats ROD, Table 1 summarizes the cancer risk 
results for the Mudflats OU exposure units 3, 4, and 5. 
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 TABLE 1: SUMMARY OF REASONABLE MAXIMUM EXPOSURE CANCER RISK 
FOR MUDFLATS OPERABLE UNIT EXPOSURE UNITS 

  Current Future Additional 
Exposure 

Unit Recreational Recreational Construction 
Worker 

Industrial 
Worker Residential 

3 Surfacea 0 0 0 0 0 
   Subsurface NA NA 2.0E-07 8.0E-06 2.0E-05 
4 Surface 6.0E-07 6.0E-07 1.0E-07 6.0E-06 8.0E-06 
   Subsurface NA NA 4.0E-07 2.0E-05 3.0E-05 
5 Surface 1.0E-06 1.0E-06 2.0E-07 9.0E-06 2.0E-05 
   Subsurface NA NA 1.0E-06 5.0E-05 1.0E-04 

Notes:  
• Values reported in the table reflect maximum risk between year 0 (current) and year 1000 (future). 
• NA = not analyzed – exposure scenario does not include this depth interval.. 
• a. No radionuclides were detected above the background upper tolerance limit in the surface of EU 3 

(Mudflats reference area). 
• Exposure Units 1 and 2 were located in the Landfill OU and are not part of this Mudflats OU table. 

Exposure Units 3, 4, and 5 were located in the Mudflats OU.   
 
The risk results indicated that for all current and plausible future use scenarios, excess 
cancer risks to human health are within or less than the 1.0E-06 to 1.0E-04 NCP 
acceptable risk threshold range. Based on these determinations, the findings of the 
BRA in the USACE RI report concluded that the human health risks  for the current and 
reasonable future use of the Mudflats OU as commercial/industrial do not pose a cancer 
risk above the acceptable risk limits established in the NCP. As described in the 
September 2008 ROD (USACE 2008), USACE determined that no CERCLA remedial 
action is warranted for the Mudflats OU at the Tonawanda Landfill Vicinity Property. 
Since no actions are warranted, there is no need for CERCLA five-year reviews and no 
monitoring of the Mudflats OU. 

5.2 LANDFILL OPERABLE UNIT 

Various historical material sampling identified soils in the Landfill OU with elevated 
levels of the FUSRAP COCs (Ra-226, Th-230 and total uranium [Utotal]) were generally 
confined to an area in the northwestern portion of the Landfill OU, near the center of 
and roughly paralleling the northwestern fence line separating the Landfill OU from the 
adjacent residential properties. The highest levels were generally detected 0.6 m (2 ft) 
or more below ground surface (bgs) with elevated levels detected as deep as 7.6 m   
(25 ft) bgs.  
 
The remedy selected for the Landfill OU of the Tonawanda Landfill Vicinity Property in 
the ROD (USACE 2017)) was: Alternative 3: Targeted Shallow Removal and Off-Site 
Disposal of FUSRAP-Related Materials. The conceptual illustration of the remedial 
alternative targeted excavation areas is depicted in Figure 4 of the ROD. 
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5.2.1 LANDFILL OPERABLE UNIT - BASELINE RISK ASSESSMENT 

In 2012, USACE published an updated BRA report (USACE 2012a). As a part of that 
updated BRA, USACE performed a site-specific exposure assessment to determine the 
duration and frequency of potential exposure to Landfill OU environmental media by 
residents living in the neighborhood adjacent to the landfill. This was developed in part 
from feedback provided by the community and stakeholders about the duration and 
frequency of their potential exposures to landfill media during the comment period for 
the 2007 proposed plan. Exposure pathways in the updated BRA included: 

• Inhalation of fugitive dust from surface soil and dry sediment. 
• Incidental ingestion of surface soil, sediment, and surface/groundwater. 
• External gamma exposure to surface soil and dry sediment. 
• Dermal contact with surface soil, surface water, sediment, and 

surface/groundwater (considered as a minor complete pathway for evaluating the 
chemical toxicity of uranium metal). 

USACE also evaluated future baseline risks of exposure to deeper material in the 
Landfill OU because no formal closure plan had yet been shared with USACE by the 
Town of Tonawanda about the capping and maintenance activities in the Landfill OU (at 
the time of the updated BRA). Future potential exposure pathways for a trespasser or 
recreational user included additional exposure to subsurface soil (via the same 
complete exposure pathways above for surface soil), which could occur if no action was 
taken and the landfill was not capped. 
 
During the development of the updated BRA, the Town of Tonawanda was capping 
other areas of the landfill. The Town of Tonawanda will eventually close out the area 
where USACE completed implementation of the selected remedy. As part of this 
anticipated closure, NYSDEC landfill regulations required a 30-m (100-ft) buffer 
between the end of the landfill cap and the edge of the property (fence line). 
Therefore, in the updated BRA, as part of the near-future exposure, a construction 
worker scenario was also evaluated for exposure to the material that existed within this 
30-m (100-ft) buffer. The construction worker receptor was evaluated to ascertain risks 
potentially incurred during construction activities when the final landfill slope is graded 
to include a minimum 30-m (100-ft) buffer between the edge of the landfill and the 
property (fence) line. The construction worker was only evaluated for exposure to fill 
material within the 30-m (100-ft) buffer, and not in the rest of the landfill. This worker 
was assumed to be involved in construction activities for a full year (8 hours per day, 
250 workdays per year). Exposure pathways are the same (as above) for construction 
workers. The construction worker would have elevated inhalation and soil ingestion 
rates commensurate with intense activities associated with moving soil and soil-like 
material. 

The risks from external gamma radiation from exposure to Ra-226 in soil dominated the 
cancer risk results. In analyzing future baseline site conditions where the top 2 ft of 
surface soils were allowed to erode (unmaintained) exposing FUSRAP-related 
materials, the risk to the trespasser was above the acceptable cancer risk range of  
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1.0E-06 (1 in a million) to 1.0E-04 (1 in ten thousand). Therefore, remedial action was 
required to ensure protection of human health and the environment. The BRA 
established Ra-226, Th-230, and Utotal as COCs at the site. 
 
Tables 2 and 3 summarize incremental lifetime risks for exposure to soil in the landfill 
for the previously existing conditions and future baseline conditions (erosion of surface 
soil) for the evaluated receptors. No summary tables for uranium chemical hazards are 
provided because the hazard indices for all exposure scenarios were all less than 1 
(below the acceptable threshold). The exposure to surface water and groundwater 
resulted in cancer risks well below 1.0E-06 (1 in a million); therefore, these risks are not 
included in the tables. 
 

TABLE 2: LANDFILL OPERABLE UNIT SUMMARY OF INCREMENTAL LIFETIME 
CANCER RISKS FOR CURRENT CONDITIONS 

Receptor Exposure Unit (Area) and Exposure Depth Year Soils 
Risk 

Trespasser Exposure Unit 1 (FUSRAP area), 0–2 ft bgs 0 5.0E-05 

Trespasser Exposure Unit 1 (FUSRAP area), 0–2 ft bgs 1,000 4.0E-05 

Construction 
Worker Exposure Unit 3 (100-ft buffer), 0–4 ft bgs 0 1.0E-05 

Construction 
Worker Exposure Unit 3 (100-ft buffer), 0–4 ft bgs 1,000 8.0E-06 

Notes: 
• The trespasser results account for exposures that begin in youth and extend through adulthood. 
• The exposure depth in Exposure Unit 3 (4 ft bgs) is the approximate depth to native soil in the 

100-ft buffer area. 
 

TABLE 3: LANDFILL OPERABLE UNIT SUMMARY OF INCREMENTAL LIFETIME 
CANCER RISKS FOR FUTURE BASELINE CONDITIONS 

Receptor Exposure Unit (Area) and Exposure Depth Year 
Soils 
Risk 

Trespasser Exposure Unit 1 (FUSRAP area), clean cover over 
the contaminated area 0 6.0E-07 

Trespasser Exposure Unit 1 (FUSRAP area), contamination at 
all depths 600 5.0E-04 

Notes: 
• The trespasser results here account for exposures that begin in youth and extend through 

adulthood. The onset of the evaluation period and time of maximum risk are presented in this table. 
• All sampling results from all depths bgs were used in the calculation of the exposure point 

concentration for future baseline conditions. 
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5.2.2 LANDFILL OPERABLE UNIT - REMEDIAL ACTION OBJECTIVES 

The BRA report (USACE 2012a) concluded that FUSRAP-related COCs in soil at the 
Landfill OU may pose potential unacceptable risk should the Landfill OU not be 
maintained and allowed to erode over time. Therefore, the remedial action objective, 
developed to address this potential unacceptable future risk to human receptors, was to 
prevent human exposure to FUSRAP-related COCs in soil above applicable or relevant 
and appropriate requirement-based cleanup criteria. As discussed in the FS, 
groundwater, surface water, and sediment were all eliminated as media of concern, and 
therefore media-specific remedial action objectives were not developed for them. 

5.2.3 LANDFILL OPERABLE UNIT - ARARS 

As discussed in the feasibility study (USACE 2015a), USACE determined that parts of 
10 CFR Part 40, Appendix A, listed in Table 4, were applicable or relevant and 
appropriate requirements to the cleanup. Specifically, radionuclides found at the site 
(radium, thorium, and to a lesser extent uranium) were similar in nature to tailings or 
wastes produced by the extraction of source material from ores primarily for their source 
content (i.e., uranium processing activities). 
 

TABLE 4: SELECTED ARARs FOR REMEDIAL ALTERNATIVE LANDFILL OU 

ARAR Description 

10 CFR Part 40, 
Appendix A 

Relating to the Operation of Uranium Mills and the Disposition of 
Tailings or Wastes Produced by the Extraction or Concentration 

of Source Material from Ores Processed Primarily for Their 
Source Material Content. 

10 CFR Part 40, 
Appendix A, 
Criterion 6(6) 

Closure of Waste Disposal Areas 

10 CFR Part 40, 
Appendix A, 
Criterion 12 

Long-Term Site Surveillance 

 
10 CFR Part 40, Appendix A, Criterion 6:  Criterion 6(6) establishes residual soil 
concentration requirements for radium in surface and subsurface soil, unless the radon 
flux limit of 20 picocurie(s) per meter squared per second (pCi/m2/s) in Criterion 6(1) is 
met. 
 
The design requirements in Criterion 6 for longevity and control of radon releases (i.e., 
radon flux limit of 20 pCi/m2/s in Criterion 6[1]) apply to any portion of a licensed and/or 
disposal site unless the portion contains a concentration of radium in land, averaged 
over areas of 100 square meters (m2) (1,076.4 square feet [ft2]), which, as a result of 
byproduct material, does not exceed the background level by more than: (i) 5 picocuries 
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per gram (pCi/g) Ra-226, averaged over the first 15 cm (6 in) below the surface, and (ii) 
15 pCi/g of Ra-226, averaged over 15 cm (6 in) thick layers more than 15 cm (6 in) 
below the surface. Criterion 6(6) also identifies benchmark dose requirements used to 
develop cleanup criteria for addressing radionuclides other than radium so that:  
 

“Byproduct material containing concentrations of radionuclides other than 
radium in soil, and surface activity on remaining structures, must not result 
in a total effective dose equivalent (TEDE) exceeding the dose from clean-
up of radium contaminated soil to the above standard (benchmark dose), 
and must be at levels which are as low as is reasonably achievable.”  
10 CFR Part 40, Appendix A. 

 
Under this approach, dose assessments (excluding radon) are conducted to convert the 
radium soil standards into a benchmark dose for all the radionuclides at the site. 
Criterion 6(6) requirements also address the Nuclear Regulatory Commission approval 
of benchmark dose calculations and approval of benchmark doses exceeding 100 
millirems per year (mrem/yr). 
 
As explained in the 2015 feasibility study (USACE 2015a), USACE estimated that the 
surface radon emission flux after implementation of Alternative 3 (Targeted Shallow 
Removal and Off-Site Disposal), and after backfilling of the excavations are complete, 
would be 6 pCi/m2/s. This calculated radon flux, which would result from residual 
FUSRAP-related COCs remaining at a depth below 1.5 m (5 ft) bgs, is well below the 
20 pCi/m2/s limit in 10 CFR Part 40, Appendix A, Criterion 6(1). 
 
10 CFR Part 40, Appendix A, Criterion 12: Criterion 12 mandates that the final 
disposition of tailings, residual radioactive material, or wastes at milling sites should be 
such that ongoing active maintenance is not necessary to preserve isolation. The 
substantive provisions require periodic inspections of closed disposal sites to verify that 
controls continue to be protective.   
 
Periodic site inspections would be used to confirm the site remains zoned as industrial 
use, remains as a landfill, and to confirm no excavation has occurred to expose buried 
FUSRAP material at the site. These periodic inspections would occur during the five-year 
review process.  

5.2.4 LANDFILL OPERABLE UNIT - CLEANUP CRITERIA 

USACE established cleanup criteria to ensure compliance with the cleanup standards 
contained in the ARARs for the Landfill OU. The FUSRAP-related COCs include 
Ra-226, Th-230, and Utotal. The ARARs related to the soil removal are averaged over 
100 m2 (1,076 ft2) resulting in the cleanup criteria in Table 5. 
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TABLE 5: CLEANUP CRITERIA FOR FUSRAP-RELATED COCS  
AT THE LANDFILL OU 

FUSRAP-Related 
COCs Units Backgrounda 

Recreational 
Adult Surface 

Soil Goalb 

Recreational Adult 
Subsurface Soil 

Goalb 

Ra-226 pCi/g 0.95 5 15 
Th-230 pCi/g 0.92 14 42 
Utotalc pCi/g 1.75 152 457 

U-238 as Utotal 
surrogate pCi/g 0.86 75 224 

Notes:  
a. Average background values for the Landfill OU. 
b. The depth and area requirements as specified in 10 CFR Part 40 Criterion 6(6). Surface soil is 

defined as 0–15 centimeters (0–6 inches) bgs. Subsurface soil is considered to be at depths 
greater than 15 centimeters (6 inches) bgs. The cleanup criteria must be achieved (on average) 
over a 100 m2 (1,076 ft2) area. 

c. Utotal is a sum of the isotopes U-234, U-235, and U-238. 
 

5.2.5 LANDFILL OPERABLE UNIT - RECORD OF DECISION 

The remedy selected for the Landfill OU of the Tonawanda Landfill Vicinity Property in 
the ROD (USACE 2017) is: Alternative 3: Targeted Shallow Removal and Off-Site 
Disposal of FUSRAP-Related Materials. Under the chosen remedial alternative, 
approximately 1,518 in situ cubic meters (m3) (1,986 cubic yards [yd3]) of FUSRAP-
related material was estimated to be removed and shipped off-site for disposal. The in 
situ volume is the measurement of the material as it lies in its natural state, without 
disturbance. USACE would collect confirmatory samples within the sidewalls of the 
excavation to ensure that the lateral extent of the FUSRAP-related COCs would comply 
with the cleanup criteria. After removal of FUSRAP-related contaminated materials from 
the site, all excavated areas would be backfilled, and seeded. This eliminates any 
exposure to FUSRAP-related material and ensures the protectiveness of the remedy for 
the long term for potential future land uses. As required under CERCLA, since 
contamination would remain on-site at a depth greater than 1.5 m (5 ft) above levels 
that would allow for UU/UE of the Landfill OU, statutory reviews of the Landfill OU will 
take place at least every five years.  
 

6.0 REMEDIAL ACTION SUMMARY 

6.1 COMMUNITY INVOLVEMENT 

As required by CERCLA and the NCP, public comment was solicited in the Tonawanda 
Landfill Vicinity Property remedy selection process. The administrative record file, which 
contains all the documentation used to support the selected remedies, is available at 
the following locations.  



Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Site Closeout Report 

17 
 

 
U.S. Army Corps of Engineers (by appointment only) 
1776 Niagara Street 
Buffalo, New York 14207  
1-800-833-6390 (Option 4) 
 
Tonawanda Landfill Vicinity Property website: 
https://www.lrb.usace.army.mil/Missions/HTRW/FUSRAP/Tonawanda-Landfill/ 
 
The timeline below summarizes the community activities performed by USACE for the 
Tonawanda Landfill Vicinity Property. 
 
In 2001, residents living along the northern border of the Tonawanda Landfill Vicinity 
Property were provided the opportunity to have representatives from USACE meet with 
them individually in their homes to answer questions regarding upcoming sampling 
before USACE met with the community through an information session March 29, 2001. 
Four of the residents requested individual meetings.  
 
On March 26, 2002, former Erie County Legislator Chuck Swanick sponsored an 
information session for nearby residents, to which he invited USACE to present the 
initial results of the remedial investigation sampling conducted in 2001. News releases 
were distributed to local media in February 2002 and March 2006 regarding the results 
of investigations performed by USACE.  
 
On February 8, 2007, former Erie County Legislator Michele Iannello sponsored an 
information session to discuss the Town of Tonawanda Landfill. USACE, NYSDEC, and 
the Town of Tonawanda provided presentations. Questions received from the 
community at the meeting were responded to in a fact sheet that is part of the 
administrative record.   
 
On March 26, 2007, USACE issued a proposed plan for the entire Tonawanda Landfill 
Vicinity Property with an initial comment period of 90 days based on the heightened 
level of community interest. This proposed plan recommended no action for the 
FUSRAP-related material (uranium, radium, and thorium) found at the vicinity property. 
A public meeting was conducted April 25, 2007, during which USACE explained the 
history of the combined parcels, studies and investigations completed, CERCLA 
evaluation criteria and the proposed decision of no remedial action at both the Landfill 
and Mudflats OUs. 
 
During the public meeting, public officials and members of the public made oral 
comments mainly relating to the Landfill OU portion of the site. In addition, written 
comments were received from federal, state, and local stakeholders, and nearby 
residents; including the United States Environmental Protection Agency Region 2; 
NYSDEC; the New York State Department of Health; Erie County Executive Office; the 
City of Tonawanda; the Town of Tonawanda; Citizens United for Justice, and members 
of the Riverview Elementary School community. 
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Comments received at the public meeting, meeting transcript and written comments 
received during the public comment period are in the Mudflats ROD (2008). The public 
comment period was extended to 203 days, starting on March 26, 2007, and ending on 
October 15, 2007, due to multiple requests for extensions. All comments opposed the 
no action plan proposed by USACE, specifically for the Landfill OU portion of the site. 
Many of the comments argued that because of the Landfill OU’s proximity to the school 
and residential development, the BRA’s exposure parameters for the 
recreational/trespasser land use scenario underestimated the actual potential exposures 
to adults and children traversing the landfill. Specific comments from various 
stakeholders indicated that the input parameter values used in the BRA for both 
exposure frequency and exposure duration could be increased, based on population 
dynamics of the community. The comments indicated that people reside longer in the 
adjacent neighborhood and spend more time on landfill property than had previously 
been assumed.  
 
Based on comments received on the 2007 proposed plan, USACE decided to divide the 
Tonawanda Landfill Vicinity Property into two separate OUs: the Mudflats OU and 
Landfill OU. This division of the site allowed USACE to separately evaluate and respond 
to the public interest in the landfill. Comments on the Mudflats OU were responded to in 
the 2008 Mudflats ROD Responsiveness Summary. Landfill OU comments were not 
responded to at that time, but were used to assist in the reevaluation in the Phase 2 RI 
for the Landfill OU.   
 
Current and reasonable future site uses for the Mudflats OU are commercial/industrial. 
After reevaluation of the exposure scenarios and recreational user for the Mudflats OU, 
USACE determined that the radiological risks from the FUSRAP-related materials in  
present in the Mudflats OU are below the health risk action levels as specified in the 
NCP. Based on these determinations, a no action ROD was released for the Mudflats 
OU of the Tonawanda Landfill Vicinity Property in September 2008.  
 
In response to public and agency comments, USACE reinvestigated the extent of 
FUSRAP-related material in the Landfill OU and reevaluated the exposure parameters 
and site users. A Phase 2 Remedial Investigation was completed in 2011 and an 
updated BRA in 2012 specifically for the Landfill OU. A news release was distributed to 
the media in July 2012 announcing the availability of an updated BRA. USACE 
conducted an afternoon and an evening poster session with members of the public, 
where USACE displayed illustrations and data describing the updated BRA data on  
July 17, 2012. 
 
On September 10, 2015, USACE released the FS along with the proposed plan 
specific to the Landfill OU of the Tonawanda Landfill Vicinity Property. The initial 
public comment period for the Landfill OU proposed plan was 60 days (September 14, 
2015, to November 14, 2015). USACE conducted a public meeting on October 15, 
2015, to present the proposed plan to the public. During the public meeting, six 
speakers came forward to present comments. In addition, written comments were 
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received from federal, state, and local stakeholders, nearby residents, as well as New 
York State environmental and health agencies. Based on comments received during 
the public meeting, USACE extended the public comment period to 90 days 
(September 14, 2015, to December 14, 2015). The USACE responses to comments 
received during the public comment period, the meeting transcript, and written 
comments are included in the responsiveness summary of the 2017 ROD.  
 
Prior to remedial action, a fact sheet was released in May 2019 about the upcoming 
remedial activities at the Landfill OU. A public information session was conducted by 
USACE on May 14, 2019. This poster and presentation session informed the public of 
the type of remedial activities that would take place at the Landfill OU, the health and 
safety measures to be implemented, the transportation routes, and where the material 
was being disposed.  
 
During remedial action, News From the Corps notices were sent to notify the public of 
mobilization in May 2019, in October 2019 to update stakeholders on the remediation 
progress, and when the excavation portion of the remedial action was completed in 
December 2019. In May 2020, a News From the Corps notice was distributed when the 
final grading and seeding of the area was completed. On September 11, 2020, a News 
from the Corps notice was distributed to indicate that data from radon flux sampling 
performed during July 2020 indicated that the ROD cleanup goals had been met.  

6.2 MUDFLATS OPERABLE UNIT (NO ACTION ROD 2008) 

USACE determined that the radiological risks from the radium, uranium, and thorium 
present in the Mudflats OU are below the health risk action levels as specified in the 
NCP. Based on these determinations, and as described in the March 2007 proposed 
plan, no action for the Tonawanda Landfill Vicinity Property Mudflats OU is warranted. 
The ROD for the Mudflats OU documents the no action decision.  

6.3 LANDFILL OPERABLE UNIT (REMEDIAL ACTION 2019–2020) 

The remedial action for the Landfill OU involved the targeted shallow removal of 
FUSRAP-related contaminants that exceeded the cleanup criteria within the top 
1.5 m (5 ft) bgs, and confirmatory sampling within the sidewalls of the excavation to 
ensure complete targeted removal of FUSRAP-related COCs to the lateral extent. 
Contaminated soils were excavated to a depth of 1.5 m (5 ft) bgs and then disposed 
of at a permitted off-site disposal facility, US Ecology in Belleville, Michigan. 
Excavation areas were backfilled, compacted, and seeded. In addition to collecting 
confirmatory samples within the sidewalls of the excavation, USACE conducted 
verification radon flux monitoring of uncapped portions of the Landfill OU after the 
remedial action was completed. This sampling ensured that residual radioactive 
material at depth (i.e., greater than 1.5 m [5 ft]) met the radon flux limit of 20 pCi/m2/s 
at the ground surface.  
 
Mobilization to the site occurred on May 28, 2019, and excavation began on 
June 13, 2019. Excavation of FUSRAP-related material and demobilization from the site 
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was complete by December 20, 2019. The contractor remobilized to the site in May 
2020 to complete final grading and seeding of the site. The objective of the final grade 
was to maintain a minimum of 1.5 m (5 ft) of backfill cover over the bottom of the 
excavation and contour the site to drain surface water while restoring the site as closely 
as possible to the original topography. 
 
Plexus Scientific Corporation was the remedial contractor that conducted remedial 
activities at the Tonawanda Landfill Vicinity Property in accordance with the ROD 
(USACE 2017) for the Landfill OU that was signed on September 29, 2017, and the 
scope of work (SOW), as amended, finalized August 2018. The Final Construction 
Completion Report for Soil Remediation Landfill Operable Unit Tonawanda Landfill 
Vicinity Property from the remediation contractor (Plexus Scientific Corporation 2020) 
documents the remedial activities at the Landfill OU. The report is available on the 
project website: https://www.lrb.usace.army.mil/Missions/HTRW/FUSRAP/Tonawanda-
Landfill/. 

6.3.1 EXCAVATION AREAS 

A topographic survey was conducted to establish the baseline conditions of the site, 
document the initial topography of the area and identify the excavation limits. Figure 5 
depicts pre-excavation topography and the excavation areas. The initial topography 
data was used to restore the site prior to demobilization. An initial gamma walkover 
survey was completed to document site conditions before the remedial action began 
(Figure 6). Excavation areas were developed to identify the targeted locations and 
boundaries of areas requiring soil remediation. Excavation area boundaries were 
established in consideration of the expected limits of contamination based on historical 
sampling, anticipated future site use, and the operational approach for safe and 
effective soils excavation. The excavation areas were identified with letters, Areas A 
through H, across the Tonawanda Landfill Vicinity Property, as shown in Figure 7. The 
construction site layout for the remedial action is presented on Figure 7. Soil excavation 
began at Area A and progressed eastward finishing at Area H. A tracked excavator was 
used to excavate the FUSRAP-related material. The water table was encountered at 
approximately 0.3-0.6 m (1-2 ft) bgs. A sump pump was installed to extract the 
groundwater from the excavation area to allow excavation activities to continue. The 
extracted water was discharged at ground surface to another part of the site with the 
concurrence of the Town of Tonawanda. The construction site layout on Figure 7 
indicates the location of the excavation areas, staging areas, and intermodal container 
(IMC) storage area located on a portion of the Mudflats OU. USACE had permission to 
use property in the Mudflats OU for staging equipment and IMC storage for accessible 
loading and off-loading of IMCs for transport trucks.  
 
According to the ROD, the estimated volume of material to be excavated and shipped 
off-site for disposal was approximately 1,518 in situ m3 (1,986 in situ yd3). The SOW 
(USACE 2018) rounded the volume to approximately 2,000 in situ yd3or approximately 
3,800 tons for a base quantity for transportation and disposal purposes. The estimation 
from in situ yd3 to tons was calculated using an assumed density factor of 1.9 tons per in 
situ yd3. Lateral excavation was required until the soil met the cleanup criteria. The 
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contingency amount of soil above the base quantity was an estimated 1,200 in situ yd3 
or approximately 2,280 tons. The depth of the excavation was maximum 1.5 m (5 ft) bgs 
and the lateral limits were determined by geographic information system (GIS) 
coordinates generated from historical samples indicating the targeted areas of 
contamination above the cleanup criteria. The GIS coordinates for the excavation areas 
were provided by USACE to the remediation contractor, Plexus Scientific Corporation, 
to establish the initial on-site excavation area limits which were identified with ground 
stakes.  
 
Of the eight individual excavation areas, three areas (D, E and G) required additional 
excavation beyond the planned lateral limit due to elevated field readings and/or failed 
excavation sidewall confirmation samples. When confirmation sample results indicated 
the material exceeded cleanup criteria, the entire decision unit (DU) (approximately 9 m 
[30 ft] in length), to the depth of the failed DU layer, was excavated approximately 1.5 m 
(5 ft) back. At the end of the remedial action, approximately 3,476 ex situ yd3 of 
FUSRAP-related material were excavated from the total eight excavation areas. 
Figure 8 illustrates the final site topographic conditions and the excavation areas at their 
final shape and sizes.  
 
Excavation Area A: Approximately 101.20 yd3 ex situ excavated. The western most 
excavation area.  
 
Excavation Area B: Approximately 133.90 yd3 ex situ excavated.  
 
Excavation Area C: Approximately 266.80 yd3 ex situ excavated.  
 
Excavation Area D: Approximately 1,626.60 yd3 ex situ excavated. Area D was the 
largest excavation area and the lateral excavation limits were expanded from the 
projected limits due to on-site sampling indicating elevated readings or failed sidewall 
confirmation samples. When an elevated sample result indicated levels above the 
cleanup criteria, the material was excavated laterally and resampled until the sample 
results were below cleanup criteria. Area D was excavated approximately 1,050.25 yd3 
over the original volume estimate. This area included large groundcover of phragmites 
that were removed as needed to perform remediation. The monitoring wells in this area 
owned by the Town of Tonawanda were required to remain intact and were unharmed 
at the end of remedial action.  
 
Excavation Area E: Approximately 401.10 yd3 ex situ excavated. The lateral limits were 
expanded due to on-site sampling indicating elevated readings or failed sidewall 
confirmation samples. Area E was excavated approximately 209.58 yd3 over the original 
volume estimate. This area included a large tree that required removal.  
 
Excavation Area F: Approximately 79.25 yd3 ex situ excavated.  
 
Excavation Area G: Approximately 425.10 yd3 ex situ excavated. The lateral limits 
were expanded due to on-site sampling indicating elevated readings or failed sidewall 
confirmation samples. Area G was excavated approximately 189.54 yd3 over the 
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original volume estimate. This was a low-lying area that had standing water at the 
beginning of remedial activities and remained a saturated area throughout site activities. 
 
Excavation Area H: Approximately 442.35 yd3 ex situ excavated. Area H was the 
eastern most excavation area located on the eastern side of the haul road.  
 
Table 6 summarizes the excavation areas, dates of excavation, and the final ex situ 
excavation volumes from the 2019 remedial action. Figures 10-1 through 10-8, illustrate 
the lateral extent of each excavation area, displaying the planned (initial) excavation 
limits and the final excavation limits. Excavation areas have multiple excavation dates 
due to the contractor returning to the excavation. Reasons for reentry into an excavation 
include: ground survey error in establishing the initial lateral excavation limits which 
required another survey after excavation to confirm limits were achieved; further 
excavation was needed to achieve lateral limits; sidewall confirmation soil sample 
results failed the cleanup criteria which required further lateral excavation; and 
restructuring during the excavation activities due to saturated soil sloughing and 
sidewall collapse.  
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TABLE 6: LANDFILL OPERABLE UNIT SOIL EXCAVATION SUMMARY  
(2019 REMEDIAL ACTION) 

Excavation 
Area Excavation Dates 

Final Soil 
Volume 

Excavated  
(ex situ yd3) 

A 
6/12/2019 - 6/19/2019, 6/21/2019, 6/24/2019, 7/30/2019, 

9/26/2019 - 9/27/2019, 10/18/2019, 10/23/2019 - 
10/24/2019 

101.20 

B 
6/18/2019 - 6/19/2019, 6/26/2019 - 6/27/2019, 7/2/2019, 
7/8/2019, 7/31/2019, 9/27/2019 - 9/30/2019, 10/4/2019, 

10/18/2019, 10/23/2019 - 10/24/2019 
133.90 

C 7/9/2019 - 7/11/2019, 7/29/2019, 9/27/2019, 10/19/2019 - 
10/22/2019, 10/22/2019 266.80 

D 

7/15/2019 - 7/18/2019, 8/1/2019, 9/6/2019, 9/10/2019 - 
9/12/2019, 9/16/2019 - 9/19/2019, 9/23/2019 - 9/25/2019, 

9/30/2019 - 10/3/2019, 10/7/2019 - 10/14/2019, 
10/25/2019 - 10/26/2019, 11/4/2019 - 11/7/2019, 
11/18/2019 - 11/21/2019, 11/25/2019, 12/4/2019 

1,626.60 

E 7/19/2019, 7/23/2019 - 7/24/2019, 10/14/2019 - 
10/16/2019, 10/26/2019, 10/29/2019 - 10/30/2019 401.10 

F 7/22/2019, 7/25/2019 - 7/29/2019, 10/23/2019 79.25 

G 11/7/2019 - 11/15/2019, 11/20/2019, 12/6/2019 - 
12/10/2019 425.10 

H 11/22/2019 - 11/26/2019, 12/4/2019 - 12/10/2019 442.35 
Total   3,476.3 

6.3.2 EXCAVATION SCREENING AND SIDEWALL CONFIRMATION 
SAMPLES 

The USACE SOW for the Landfill OU and the contractor’s work plans are posted to the 
project website referenced in Section 6.1. To document the achievement of the cleanup 
criteria, excavation confirmation samples were collected from the sidewalls of each of 
the eight excavation areas. The remedial action only removed FUSRAP-related material 
from within 1.5 m (5 ft) of the surface, therefore no excavation floor samples were 
collected. Prior to the collection of excavation confirmation samples, the sidewalls were 
field surveyed using radiological detection equipment to determine whether additional 
excavation was necessary or if confirmation samples should be collected. The following 
sections detail the screening and sampling process. 

6.3.2.1 FIELD SCREENING METHOD 

Prior to collecting confirmation samples, each sidewall was screened using a 5 cm x 5 
cm (2 in by 2 in) NaI detector. Screening results were compared to applicable (e.g., 
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collimated/uncollimated) screening values established during the remedial action (e.g., 
1.5–2 times background). The screening was 100% scan coverage of the vertical face 
of the sidewall, from ground surface to 1.5 m (5 ft) below ground surface. 
 
If readings were below applicable screening values, then confirmation samples were 
collected. If radiation screening indicated the presence of FUSRAP-related material 
above established limits, a minimal amount (e.g., excavator bucket scraping) of 
additional material was removed from the excavation. The process of surveying the 
sidewalls for radioactivity, scraping material above the survey range, then scanning 
again was repeated until detector survey results were below the predetermined range. 
Once survey readings were below applicable screening values, confirmation samples 
were collected. Excavation Areas D, E, and G required additional excavation as a result 
of elevated radiological screening results.  
 
Additional excavation of material was also performed when the excavation confirmation 
soil sample results exceeded the cleanup criteria. When confirmation sample results 
from the lab indicated the material exceeded cleanup criteria, the entire DU 
(approximately 9 m [30 ft] in length), to the depth of the failed DU layer, was excavated 
approximately 1.5 m (5 ft) back. Areas D and E both had confirmation samples that 
exceeded cleanup criteria and required further excavation. 

6.3.2.2 CONFIRMATION SAMPLE LOCATIONS 

A total of 318 excavation confirmation DU layer samples, including duplicates, were 
collected from the eight excavation areas. Confirmation samples were collected from 
excavation sidewalls that were subdivided into separate DUs. Each DU was 
approximately 9 m (30 ft) in length and no excavation area had fewer than three DUs. 
Table 7 provides the final number of DUs at each excavation area. Figures 11-1 through 
11-8 depict the location and number of DUs at each excavation.  
 

TABLE 7: LANDFILL OPERABLE UNIT DECISION UNITS 
Excavation 

Area 
Final Number of 
Decision Units 

A 3 
B 3 
C 4 
D 15 
E 7 
F 3 
G 8 
H 8 

Total 51 
 
Each DU was comprised of six DU layers (DUL) and one confirmation sample was 
collected from each of the six DUL. A confirmation sample was a composite consisting 
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of 10 randomly collected aliquots of approximately equal volume then mixed to generate 
a single sample (or two, when duplicates were required). The six DUL represent the 
following depths: 
 

• 0-6 inches below grade, 
• 6-12 inches below grade, 
• 12-24 inches below grade, 
• 24-36 inches below grade, 
• 36-48 inches below grade, and  
• 48-60 inches below grade. 

 
Confirmation samples were shipped to Pace Laboratory for rapid turnaround time 
analyses of the FUSRAP-related COCs: Ra-226, Th-230, and U-238. Ra-226 (186 kilo-
electron volts [keV]) and Th-234 (surrogate for U-238) were analyzed by DOE Method 
Ga-01R/901.1 and Th-230 was analyzed by LANL Method ER200M. Bismuth-214 was 
also reported by DOE Method Ga-01R/90.1 for use as a surrogate for Ra-226 when 
interference from U-235 (185.7 keV) was suspected in the Ra-226 (186 keV) results. 

6.3.2.3 ANALYTICAL RESULTS 

Confirmation sample analytical results by excavation area are presented in Table 5-4 
located in Appendix A. Results are compared against the cleanup criteria for FUSRAP-
related COCs after subtraction of background concentrations and a sum of ratios is 
calculated.  
 
The primary means for determining the Ra-226 concentration relies upon Ra-226’s 
186.2 keV peak using the gamma spectroscopy method. For most confirmation samples 
collected, this approach worked successfully in confirming the excavation sidewall met 
the cleanup criteria. In several instances, the results for Ra-226 appeared to exceed the 
clean-up goals. These exceedances were suspected to be the result of interference 
from the presence of the U-235’s 185.7 keV gamma peak, which can result in an 
overestimate of the Ra-226 concentration, signifying Ra-226 concentrations above the 
cleanup criteria. In these situations, a two-tiered approach was used to evaluate the 
sampling results.  
 
In the two-tiered approach if both the results for Ra-226 and U-235 were elevated, the 
results for Bismuth-214 (Bi-214) were used as a surrogate for Ra-226. Bi-214 values 
with the applicable ingrowth correction factors were used for samples that exceeded the 
cleanup criteria based on the 186.2 keV Ra-226 peak and/or if the sum of ratios (SOR) 
was greater than 1.  
 
In several instances, after application of the two-tiered approach, the confirmation 
samples were determined to be below the cleanup criteria. Table 5-4a in Appendix A 
presents these Tier II results. In instances where results remained above the cleanup 
criteria, the entire DU to the depth of the exceedance, was excavated an additional 
1.5 m (5 ft) laterally and new confirmation samples were collected. Table 5-4b in 
Appendix A displays these resampled DU results. The remedial activities were 
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concluded when all excavation confirmation sample results were below the cleanup 
criteria. 

6.3.3 WASTE DISPOSAL SUMMARY (2019) 

Approximately 3,476 ex situ yd3, equaling 5,342.82 tons of contaminated soil was 
handled by Plexus Scientific Corporation and transported via IMC to the US Ecology 
disposal facility located in Belleville, Michigan. The transportation and disposal services 
were contracted as a blanket purchase agreement (BPA) contract with Environmental 
Rail Solutions (ERS). The IMCs departed the Tonawanda Landfill Vicinity Property 
Landfill OU site by truck to the local rail station and then were transported by rail to 
Belleville, Michigan. The material was transported off site from Buffalo, New York, to 
Bellville, Michigan, in 48 shipments carrying a total of 335 IMC containers and four 
additional shipments of four roll-off containers provided by Plexus. The total quantity of 
FUSRAP-related material excavated for disposal exceeded the USACE Transportation 
and Disposal contract (BPA) capacity, therefore, four tarped roll-off containers were 
obtained by Plexus and used to transport the additional material to the disposal facility. 
The roll-offs were handled in the same manner as the IMCs. To ensure compliance with 
the waste acceptance criteria of the disposal facility, an external dose rate 
measurement was captured for the IMCs. An in situ gamma spectroscopy measurement 
by Canberra’s In Situ Object Counting System (ISOCS) was used to determine 
compliance with the disposal facility’s waste acceptance criteria. IMCs that met the 
disposal facility’s waste acceptance criteria were manifested for transportation and 
disposal by the USACE Transportation and Disposal Contractor. ISOCS scan results 
(including quality control [QC] results), radiological survey forms (scans), sample count 
records (wipes), and radiological survey reports (containing dose rate measurements) 
were included with each waste manifest package which can be found in the construction 
completion report. Table 8 summarizes the off-site permitted or licensed facilities that 
received contaminated soil and/or debris from the Tonawanda Landfill Vicinity Property 
associated with groundcover removal and soil remedial actions. 
 

TABLE 8: LANDFILL OPERABLE UNIT WASTE DISPOSAL SUMMARY (2019)  
Tonawanda Landfill Removal/ 

Remedial Actions 
Permitted/Licensed 

Facility 
Tons 

Shipped 

Remedial Action  
Landfill OU (2019–2020) 

US Ecology Michigan, Inc. 
(Belleville, Michigan) 5,342.82 

Grubbing Debris  
(roots, logs and other organic 

or metallic debris) 

Lardon Disposal and 
Recycling disposed at  
Waste Management 
(Chaffee, New York) 

7 
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6.3.4 BACKFILL AND SITE RESTORATION 

Once all confirmation samples were below cleanup criteria backfilling of the excavations 
commenced. The excavated areas were backfilled with approved on-site backfill soil 
brought in by the Town of Tonawanda for use in other areas of the landfill. Due to the 
presence of water in the excavations, the bottom 0.61 m (2 ft) of the excavations were 
filled with uncontaminated stone. Above the stone, the area was filled in with soil at 
approximately 20.3- 30.5 cm (8-12-in) soil lifts and compacted. At the surface the 
backfill soil was compacted and then graded for proper surface water control and 
drainage. Site restoration in May 2020 included the final grading and seeding of the site. 
The objective of the final grade was to maintain a minimum of 1.5 m (5 ft) of cover over 
the bottom of the excavation as indicated by the ROD. Final grading contoured the site 
to drain surface water while restoring the site as closely as possible to the original 
contours (Figure 8). After final grade contours were achieved, all disturbed areas were 
hydroseeded with the approved seed mixture, fertilizer, and mulch mix used by the 
Town of Tonawanda at the landfill, as specified in the SOW. A final gamma walkover 
survey was completed (Figure 9) to confirm remediation goals were achieved. In 
Figure 9, the range between 1 standard deviation (SD) and 3 SD is within 2,000 cpm of 
the mean. This is a small range of observations for this gamma walkover, resulting in 
99.7% of readings being below 9,844 cpm (3 SD). The in-situ observations correlated 
with soil sample lab results showed 18,000 cpm as the approximate threshold that 
indicated when surface soil contamination levels exceed the remediation criteria 
outlined in the ROD. The 18,000 cpm is approximately two times the 9,844 cpm 
observation used in the final gamma walkover survey. Had contaminated soils 
exceeding remediation criteria outlined in the ROD been present at the site post-
remediation, the expected standard deviation range would be much greater than 2,000 
cpm, accounting for any higher observations. This means that the red dots on Figure 9 
indicating observations at approximately 9,844 cpm (the maximum SD for the final 
gamma walkover) are below the remediation criteria (18,000 cpm) and therefore 
indicate soil remediation was successful.  
 

7.0 LANDFILL OPERABLE UNIT - DEMONSTRATION OF CLEANUP QUALITY  

USACE and the remediation contractors routinely performed many different quality 
assurance/quality control (QA/QC) activities. Contractor project QC was maintained 
through the implementation of project specific quality control plans and quality 
assurance project plans. The USACE QA process included having a USACE 
Contracting Officer's Representative and health physicist on site during the remediation 
to ensure that plans and proper procedures were implemented. The excavation sidewall 
scanning and soil composite confirmation sampling of the DUs confirmed the soil at the 
lateral extents of the excavation areas were below cleanup criteria.  
 
Radon flux monitoring of uncapped portions of the Landfill OU verified that after 
implementation of the remedy residual radioactive material remaining at depth (i.e., 
greater than 1.5 m [5 ft]) meets or is below the weighted mean radon flux limit at the 
ground surface of the Tonawanda Landfill Vicinity Property and meets the requirements 
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of the ROD. The final site survey using radon flux monitoring is described in the 
following sections.  

7.1 RADON FLUX MONITORING SUMMARY 

Radon flux monitoring of backfilled excavations and uncapped portions of the Landfill 
OU was implemented to verify that after the remedial action was completed the residual 
radioactive material remaining at depth (i.e., greater than 1.5 m [5 ft]) was below the 
weighted mean radon flux limit of 20 pCi/m2/s at the ground surface. The radon flux 
monitoring meets the requirements of the ROD and is in accordance with the Radon 
Sampling Plan for the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property 
(USACE 2020a) (Appendix B). The radon sampling plan was developed as a procedure 
to follow and ensure the radon monitoring event was thorough and the data produced 
could be used to determine remediation quality and closeout the Tonawanda Landfill 
Vicinity Property. The radon flux monitoring event was conducted at the Tonawanda 
Landfill Vicinity Property by USACE from July 6–7, 2020. The sampling results are 
documented in the Final Survey Report for the Landfill Operable Unit of the Tonawanda 
Landfill Vicinity Property (USACE 2020b) (Appendix C). The monitoring results indicated 
the weighted mean radon flux at the ground surface of the Tonawanda Landfill Vicinity 
Property is 0.0433 pCi/m2/s which is less than the ROD radon flux limit of 20 pCi/m2/s 
and therefore demonstrates the remediation met the ROD and cleanup goals.  

7.1.1 COMPLIANCE FOR RADON FLUX SAMPLING 

USACE estimated that the surface radon flux emission would be below 6 pCi/m2/s after 
targeted shallow removal and backfill of the excavations was complete. This calculated 
radon flux, which would result from residual FUSRAP-related COCs remaining at a 
depth below 1.5 m (5 ft) bgs, is below the 20 pCi/m2/s limit in 10 CFR Part 40, Appendix 
A, Criterion 6(1). 

7.1.2 IMPLEMENTATION OF THE RADON SAMPLING PLAN 

7.1.2.1 DIVIDING THE SAMPLING REGIONS 

Figure 12 documents the USACE regions of interest for performing radon flux 
confirmatory sampling to meet the ROD criteria. As indicated in Figure 12, the eastern 
part of the landfill was closed and capped by the Town of Tonawanda and was not 
included in the radon flux sampling. Figure 12 represented the original layout for the 
radon flux sampling locations of uncapped portions, divided into three regions. Some 
areas of the landfill were actively used by the Town of Tonawanda and presented a 
potential hazard to workers taking measurements on site and could have endangered 
sampling equipment due to large machinery traffic (excavators), functioning 
bioremediation areas, and active soil movement activities. Therefore, the active area 
was deemed inaccessible and removed from the sampling area. The inaccessible 
areas, resulting sampling regions and sample locations are indicated on Figure 13. 
Accessible areas that were designated for the radon flux monitoring were divided for 
regional measurements and are identified as Regions 1, 2 and 3, respectively. Figures 
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14, 15 and 16 show a zoomed in view of each region and illustrate the radon sampling 
locations. The regions were chosen based on historical sampling SOR results for the 
FUSRAP COCs, occurring at any depth in site residual soils after excavation, and 
include the remediated excavation areas. The SOR criteria used to establish the 
regional dimensions for residual soil contamination radon flux sampling after excavation 
were SOR > 1, SOR 0.5 – 1.0, and SOR < 0.5 as shown in Figure 12. The size of the 
regions and the excavated areas are provided in Table 9. 
 

TABLE 9 - LANDFILL OPERABLE UNIT EXCAVATION AND REGIONAL AREAS 

Location Area (m2) 
Excavation A 44 
Excavation B 63 
Excavation C 120 
Excavation D 723 
Excavation E 185 
Excavation F 41 
Excavation G 217 
Excavation H 194 

Region 1 12,061 
Region 2 21,286 
Region 3 21,635 

 

7.1.2.2 PRELIMINARY FIELD PREPARATIONS 

Sampling locations were systematically plotted using Global Positioning System (GPS) 
measurements and marked in advance of the actual sampling event. Sampling locations 
were identified on site with white flags in the ground labeled with location numbers and 
white paint on the ground surface. The Procedure for Radon Flux (Ra222) Event 
document in Appendix D contains the procedure details for the placement and collection 
of radon detectors on the site.  

7.1.2.3 PLACEMENT OF THE CANISTERS FOR FINAL STATUS SURVEY 

Charcoal canister radon detectors were placed on site on July 6, 2020. A total of 90 
planned systematic locations (30 locations in each of the three regions), eight additional 
biased locations (one in each of Excavation Areas A through H), and 16 quality control 
duplicates were placed. Several planned systematic locations required nearby 
relocation for safety or efficacy reasons in accordance with the radon sampling plan. 
Biased location canisters were placed at the ground surface in the center of excavation 
Areas A through H. A soil seal was created around the placed canisters. Grass and 
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other objects that might interfere with the seal of the canister were removed to a 
reasonable extent. The weather was dry and hot for several days prior to placement and 
the surface soil was dry and void of signs of moisture or wetness at placement 
locations. 

7.1.2.4 COLLECTION OF THE CANISTERS 

The weather remained dry and very hot during the monitoring event and the landfill 
surface soil was dry and void of any signs of moisture in all sampling locations. The 
charcoal canister radon detectors were collected on July 7, 2020, approximately 24 
hours after placement. Just before removal of the canisters a TRIAD gamma survey or 
canister surface count rate measurement was performed by taking gamma 
measurements of the canister while in place on the ground and the ground surface 
using a 5 cm x 5 cm (2 in x 2 in) NaI detector. The purpose of these in field surveys was 
to discover any potential hotspots in need of further analysis. The results of the radon 
flux sampling, the canister surface count rate and surface soils measurements were 
generally indistinguishable from each other and are presented in Appendix E – Final 
Survey Report Tables, Table 10: Comprehensive Data Table. No hotspot areas were 
identified by field gamma surveys and no additional investigation of potential hotspot 
areas were required to be performed. No indications of tampering were observed on 
any of the collected canisters. One radon detector, Location ID R3-21, Canister # 91, 
was lost likely due to placement error or vandalism/theft, because the canister was 
verified not to be present at the assigned location at the time of canister collection and 
also missing in a subsequent search of the Landfill OU. Region 3 therefore has only 29 
canister locations. 

7.1.2.5 ANALYSIS METHODS AND DATA QUALITY ASSURANCE 

The systematic data for the three regions are found in Appendix E, Tables 4, 5, and 6. 
The biased sample data from measurements taken above each of the eight excavated 
areas is presented in in Appendix E, Table 7. No additional biased measurements were 
taken based on TRIAD or in-field observations. The resulting mean radon flux and 
statistical analysis for each region and the site are found in in Appendix E, Table 8. 
Background data is listed in Appendix E, Table 9. The results of the duplicate 
measurements are listed in Appendix E, Table 10. Duplicate measurements and QA 
sample blanks data are listed in Appendix E, Table 11 and in Appendix E, Table 12, 
respectively. 
 
The mean radon flux for each region is the arithmetic mean of the radon flux 
measurements for each measurement period, i.e., the mean radon flux for each region 
is calculated by summing all individual flux measurements for the region and dividing by 
the total number of flux measurements for the region. Statistical measurement 
parameters for error and confidence in the radon sampling plan were met. The 
laboratory data, verified by USACE, is in Appendix F, Table 13. No sample results were 
greater than 1.0 pCi/m2/s. There were no measurement data outliers. The data were 
verified and assigned appropriate qualifiers. No data was disqualified. The radon 
sampling results sorted by location ID are in Appendix E.  
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7.1.2.6 CONCLUSION 

The site-weighted mean radon flux at the ground surface of the Landfill OU is 
0.0433 pCi/m2/s which is less than the ROD radon flux limit of 20 pCi/m2/s. The ROD 
radon flux requirement is met and no further measurements for temporal variations are 
necessary. The Tonawanda Landfill Vicinity Property Landfill OU radon flux monitoring 
confirmed the cleanup criteria have been met since the radon flux at the ground surface 
is below the flux limit; and therefore, the completed remedial action is protective of 
human health and the environment.  
 

8.0 LANDFILL OPERABLE UNIT - SUMMARY OF OPERATION AND 
MAINTENANCE 

There are no operation and maintenance (O&M) activities required for the remedy to 
function since the completed remedial action is protective of human health and the 
environment at the Tonawanda Landfill Vicinity Property Landfill OU; however, site 
inspections will still be conducted for the 1,000-year performance period. The O&M 
costs in Table 10 account for the cost to perform periodic site inspections and conduct 
five-year reviews during this time. 
 

9.0 LANDFILL OPERABLE UNIT - SUMMARY OF REMEDIAL COSTS 

Table 10 presents a summary of remediation costs for the Tonawanda Landfill Vicinity 
Property Site Landfill OU. 
 

TABLE 10: LANDFILL OPERABLE UNIT SUMMARY OF REMEDIAL COSTS 

Tonawanda Landfill OU Actions Estimate in 
ROD 

Total Remediation 
Costsa 

Landfill OU Remedial Action (2019–2020) $10,341,038 $3,166,506.42 
Transportation and Disposal (Blanket Purchase 

Agreement with ERS)b - $1,825,529.47 

Landfill OU O&M $62,234 $62,234 
Estimated Total Present Worth Costc $12,157,626 $5,054,269.89 

Notes:  
a Total remediation costs include both contractor and government (DOE and USACE) costs. 
b Transportation and disposal activities were performed under a blanket purchase agreement (BPA) with 
Environmental Rail Solutions (ERS) contracted through USACE Kansas City District. Using a separate 
contract for transportation and disposal activities was decided after the ROD, during remedial design of 
the project). 

c Total estimated present value cost for the selected remedy in 2019 dollars. The FS underestimated the 
volume of soil requiring disposal. The actual disposal volume was in excess of the soil volume estimate.  
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10.0 FIVE-YEAR REVIEWS 

10.1 MUDFLATS OPERABLE UNIT - REVIEWS NOT REQUIRED 

USACE determined that the radiological risks from the radium, uranium, and thorium 
present in the Mudflats OU are below the health risk action levels as specified in the 
NCP. Based on these determinations, no remedial action for the Tonawanda Landfill 
Vicinity Property Mudflats OU is warranted. The ROD for the Mudflats OU documents 
the no action decision. Since no actions are warranted, there is no monitoring 
necessary and five-year reviews are not required for the Mudflats OU.  

10.2 LANDFILL OPERABLE UNIT - FIVE-YEAR REVIEWS 

Since contamination remaining on site at a depth greater than 1.5 m (5 ft) is above 
levels that would allow UU/UE of the Tonawanda Landfill Vicinity Property Landfill OU, 
statutory reviews of the Landfill OU will be conducted at least every five years. These 
reviews will consider any change to land use, review site conditions, and any change to 
remedy integrity and protectiveness at the Landfill OU to ensure that the remedy 
remains protective of human health and the environment. The cost for these reviews are 
indicated by the O&M cost estimate in Table 10. The initial statutory five-year review for 
Tonawanda Landfill Vicinity Property is due May 28, 2024, which is five years from the 
site mobilization date for remedial action.  
 

11.0 SITE TRANSFER FROM USACE TO DOE 

11.1 GENERAL SITE TRANSFER PROCESS 

Per the Memorandum of Understanding (MOU) between USACE and DOE (DOE and 
USACE, 1999), USACE will employ the following process to transfer a completed 
FUSRAP site from USACE to DOE.  
 
USACE will provide the DOE with a signed copy of the declaration of response action 
completion and site closeout report (SCOR) and any O&M and land use control 
implementation plans that may be required to ensure future protectiveness of the 
implemented remedy. USACE will also request and, if available, provide the DOE with 
any letters from regulators acknowledging that remedial action goals have been met 
and provide the DOE with an estimate of annual out-year cost requirements, a general 
description of the remedial goals, and any restrictions remaining on the property.  
 
Ninety days (90) before the end of the two-year short-term operations and maintenance 
period for which USACE is responsible, USACE will notify the DOE with the effective 
date of site transfer to DOE for long-term stewardship. Accompanying this notification 
will be a complete copy of the administrative record, the O&M plans, actual costs of the 
O&M for the first two years, and a description of the long-term actions required by the 
DOE. In addition, USACE will provide the DOE with informational copies of the draft 
site-specific land use controls and implementation plans and keep DOE informed of 
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changes in completion schedules and other events/issues that might impact DOE’s 
future responsibilities at the site. 

11.2 SITE TRANSFER PROCESS FOR THE TONAWANDA LANDFILL VICINITY 
PROPERTY FUSRAP SITE 

Per the MOU between USACE and DOE (DOE and USACE 1999), USACE will provide 
the DOE with a signed copy of the declaration of response action completion and SCOR 
for the Tonawanda Landfill Vicinity Property, once available. The signature date of the 
Declaration of Response Action Completion in this Tonawanda Landfill Vicinity Property 
SCOR officially starts the two-year short-term maintenance period, for which USACE is 
responsible.   
 
Ninety days before the end of the two-year maintenance period, USACE will notify the 
DOE with the effective date of transfer of the Tonawanda Landfill Vicinity Property to the 
DOE-LM for long-term stewardship. Accompanying this notification will be a complete 
electronic copy of the administrative record. 

11.3 REMAINING GOVERNMENT RESPONSIBILITIES AND LONG-TERM 
STEWARDSHIP ACTIVITIES 

11.3.1 MUDFLATS OPERABLE UNIT - REMAINING GOVERNMENT 
RESPONSIBILITIES AND LONG-TERM STEWARDSHIP ACTIVITIES  

There are no remaining government responsibilities or long-term activities required 
at the Mudflats OU. Only a transfer of project records from USACE to DOE-LM is 
required for the Mudflats OU.  

11.3.2 LANDFILL OPERABLE UNIT - REMAINING GOVERNMENT 
RESPONSIBILITIES AND LONG-TERM STEWARDSHIP ACTIVITIES 

USACE is responsible for a two-year maintenance period of the site after the 
Division Commander signs the Declaration of Response Action Completion in this 
SCOR. After the maintenance period, DOE-LM will assume responsibility of the site. 
The USACE maintenance period is from March 2022–2024, with transfer to DOE-LM 
occurring March 2024. During the two-year maintenance period, USACE will keep 
the DOE informed of changes in schedules and other events/issues that might 
impact the DOE’s future responsibilities at the Tonawanda Landfill Vicinity Property. 
Statutory reviews of the Landfill OU at the Tonawanda Landfill Vicinity Property will 
take place at least every five years. The initial statutory five-year review for 
Tonawanda Landfill Vicinity Property is due May 28, 2024, and will be the 
responsibility of USACE to complete as the preparation of the document must begin 
within the two-year USACE maintenance period in order for the five-year review 
report to be completed by the due date. Periodic site inspections would initially be 
completed by USACE. After the two-year maintenance period the site is transferred 
to the DOE-LM, who would then complete site inspections during the five-year 
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review process and monitor for any land use changes or disturbances of 
contaminated areas throughout the 1,000-year performance period.  

11.4 USACE SCHEDULE AND MILESTONES FOR REMEDY COMPLETION 

11.4.1 MUDFLATS OPERABLE UNIT - USACE SCHEDULE AND 
MILESTONES FOR REMEDY COMPLETION 

Since there are no remaining government activities at the Mudflats OU, there are no 
milestones to complete. Only a transfer of project records from USACE to DOE-LM 
is required for the Mudflats OU.   

11.4.2 LANDFILL OPERABLE UNIT - USACE SCHEDULE AND 
MILESTONES FOR REMEDY COMPLETION 

When the Division Commander signs the Declaration of Response Action 
Completion in this Tonawanda Landfill Vicinity Property SCOR, this indicates the 
milestone for remedy completion and the USACE two-year maintenance period 
begins. For scheduling purposes, the USACE maintenance period is estimated from 
March 2022–2024. Transfer to DOE-LM with project records will occur March 2024.  
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FIGURE   7Created By: 
Date: June 2020

Map Key:
Municipal Boundary
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Landfill Operable Unit Boundary
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Planned Area of Excavation/EZ
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Landfill Operable UnitConstruction Site Layout
Construction Completion Reportfor Soil RemediationLandfill Operable UnitTonawanda Landfill Vicinity PropertyErie County, New York

Abbreviation Key:
CRZ = Contamination Reduction Zone
EZ = Exclusion Zone
ft = foot
IMC = Internodal Container
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FIGURE   8Created By: 
Date: June 2020

Map Key:
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Landfill Operable Unit Boundary
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Note:
Post-excavation topographic survey was limited to
the disturbed ground within the Formerly Utilized
Sites Remedial Action Program (FUSRAP) excavation
area.
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FIGURE   10-2
Initial and Final Excavation Limits

Excavation Area B
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FIGURE   10-3
Initial and Final Excavation Limits

Excavation Area C
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FIGURE   10-4
Initial and Final Excavation Limits

Excavation Area D
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FIGURE   10-5
Initial and Final Excavation Limits

Excavation Area E
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FIGURE   10-6
Initial and Final Excavation Limits

Excavation Area F

Created By: 
Date: February 2020

C:\Users\bbouton\OneDrive - Plexus Scientific Corp\Documents\GIS_PRJ_BU\Tonawanda\Maps\CCR\Figure 4-6 - F - Initial and Final Excavation Limits.mxd 02/10/2020 11:56

Map Key:
Planned Area of Excavation

Surveyed Final Excavation Limits:
Top of Slope
Toe of Slope

0 4 81 2 3 Feet

Ü

Construction Completion Report for Soil RemediationLandfill Operable UnitTonawanda Landfill Vicinity PropertyErie County, New York



G

FIGURE   10-7
Initial and Final Excavation Limits

Excavation Area G
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FIGURE   10-8
Initial and Final Excavation Limits

Excavation Area H
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FIGURE   11-2
Decision Units

Excavation Area B
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FIGURE   11-3
Decision Units

Excavation Area C
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FIGURE   11-4
Decision Units

Excavation Area D
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FIGURE   11-6
Decision Units

Excavation Area F
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FIGURE   11-7
Decision Units

Excavation Area G
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FIGURE   11-8
Decision Units

Excavation Area H
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EA DU1 L1 06/17/19 0.827 1.23 0.724 1.05 0.056 0.014 0.003 0.04 Pass
TLVP EA DU1 L2 06/17/19 0.825 0.795 0.782 0.859 0.010 0.003 0.000 0.01 Pass
TLVP EA DU1 L3 06/17/19 0.999 1.25 1.32 1.06 0.020 0.010 0.001 0.03 Pass
TLVP EA DU1 L4 06/17/19 0.671 0.311 1.39 0.774 0.043 0.011 0.000 0.03 Pass
TLVP EA DU1 L5 06/17/19 0.784 0.885 1.36 0.732 0.004 0.010 0.001 0.01 Pass
TLVP EA DU1 L6 06/24/19 0.0724 0.908 1.17 0.783 0.003 0.006 0.000 0.00 Pass
TLVP EA DU2 L1 06/17/19 0.784 0.982 0.759 0.556 0.006 0.012 0.004 0.01 Pass
TLVP EA DU2 L2 06/17/19 0.687 1.34 1.16 0.447 0.026 0.006 0.002 0.03 Pass
TLVP EA DU2 L3 06/17/19 0.888 1.02 1.13 0.385 0.005 0.005 0.002 0.01 Pass
TLVP EA DU2 L4 06/17/19 0.662 1.37 0.83 1.7 0.028 0.002 0.004 0.03 Pass
TLVP EA DU2 L5 06/17/19 0.716 0.22 0.76 0.755 0.078 0.004 0.000 0.08 Pass
TLVP EA DU2 L6 06/24/19 1.34 1.11 1.08 0.36 0.011 0.004 0.002 0.01 Pass
TLVP EA DU3 L1 06/21/19 0.283 0.718 0.985 0.454 0.046 0.005 0.005 0.05 Pass
TLVP EA DU3 L2 06/21/19 0.673 0.345 0.802 0.648 0.040 0.003 0.001 0.04 Pass
TLVP EA DU3 L3 06/21/19 0.559 0.615 0.652 0.223 0.022 0.006 0.003 0.03 Pass
TLVP EA DU3 L4 06/21/19 0.507 0.494 0.678 0.361 0.030 0.006 0.002 0.04 Pass
TLVP EA DU3 L5 06/21/19 0.797 1.06 0.898 0.438 0.007 0.001 0.002 0.00 Pass
TLVP EA DU3 L6 06/21/19 0.192 0.714 0.511 0.531 0.016 0.010 0.001 0.03 Pass
TLVP EB DU1 L1 07/02/19 0.614 1.59 0.292 1.3 0.128 0.045 0.006 0.09 Pass
TLVP EB DU1 L2 07/02/19 0.65 0.93 0.691 1.14 0.001 0.005 0.001 0.01 Pass
TLVP EB DU1 L3 07/02/19 0.715 1.54 0.771 0.707 0.039 0.004 0.001 0.04 Pass
TLVP EB DU1 L4 07/02/19 0.678 0.711 0.684 1.32 0.016 0.006 0.002 0.02 Pass
TLVP EB DU1 L5 07/02/19 0.657 1.05 0.637 0.703 0.007 0.007 0.001 0.00 Pass
TLVP EB DU1 L6 07/02/19 0.743 1.87 1.17 0.837 0.061 0.006 0.000 0.07 Pass
TLVP EB DU2 L1 07/02/19 0.638 1.1 1.28 1.33 0.030 0.026 0.006 0.06 Pass
TLVP EB DU2 L2 07/02/19 0.696 1.13 0.491 0.0724 0.012 0.010 0.004 0.00 Pass
TLVP EB DU2 L3 07/02/19 0.629 1.2 1.03 1.08 0.017 0.003 0.001 0.02 Pass
TLVP EB DU2 L4 07/02/19 0.577 0.792 0.982 0.555 0.011 0.001 0.001 0.01 Pass
TLVP EB DU2 L5 07/02/19 0.692 1.57 0.959 0.659 0.041 0.001 0.001 0.04 Pass
TLVP EB DU2 L6 07/08/19 0.095 J 0.204 0.45 0.284 0.077 0.011 0.003 0.09 Pass
TLVP EB DU2 L6 10/4/2019 0.714 1.08 0.0176 0.423 0.009 0.021 0.002 0.01 Pass

A
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EB DU3 L1 07/08/19 0.676 0.885 J 0.398 1.02 0.013 0.037 0.002 0.05 Pass
TLVP EB DU3 L2 07/08/19 0.658 1.57 J 0.564 1.22 0.041 0.008 0.002 0.03 Pass
TLVP EB DU3 L3 07/08/19 0.683 0.631 J 0.791 1.41 0.021 0.003 0.002 0.02 Pass
TLVP EB DU3 L4 07/08/19 0.933 0.999 J 0.755 0.526 0.003 0.004 0.001 0.00 Pass
TLVP EB DU3 L5 07/08/19 1.32 1.44 J 0.947 1.41 0.033 0.001 0.002 0.04 Pass
TLVP EB DU3 L6 07/08/19 1.54 1.99 J 0.937 1.09 0.069 0.000 0.001 0.07 Pass
TLVP EB DU3 L6 10/4/2019 1.22 1.6 1.52 0.379 0.043 0.014 0.002 0.06 Pass
TLVP EC DU1 L1 07/09/19 0.584 0.789 0.134 1.15 0.032 0.056 0.004 0.08 Pass
TLVP EC DU1 L2 07/09/19 0.603 0.346 0.473 0.918 0.040 0.011 0.000 0.05 Pass
TLVP EC DU1 L3 07/09/19 0.653 1.08 0.475 0.599 0.009 0.011 0.001 0.00 Pass
TLVP EC DU1 L4 07/09/19 0.615 1.22 0.171 0.583 0.018 0.018 0.001 0.00 Pass
TLVP EC DU1 L5 07/10/19 0.874 1.09 0.462 0.561 0.009 0.011 0.001 0.00 Pass
TLVP EC DU1 L6 07/10/19 1.55 1.96 0.577 0.679 0.067 0.008 0.001 0.06 Pass
TLVP EC DU2 L1 07/09/19 0.527 0.879 0.0135 0.807 0.014 0.065 0.001 0.08 Pass
TLVP EC DU2 L2 07/09/19 0.73 1.1 0.679 0.275 0.010 0.006 0.003 0.00 Pass
TLVP EC DU2 L3 07/09/19 0.604 0.939 0.354 0.52 0.001 0.013 0.002 0.02 Pass
TLVP EC DU2 L4 07/09/19 0.68 0.723 0.136 0.196 0.015 0.019 0.003 0.04 Pass
TLVP EC DU2 L5 07/09/19 0.589 1.03 0.0587 0.797 0.005 0.021 0.000 0.02 Pass
TLVP EC DU2 L6 07/09/19 0.169 0.203 0.35 0.696 0.050 0.014 0.001 0.06 Pass
TLVP EC DU3 L1 07/11/19 0.779 0.618 0.333 0.692 0.066 0.042 0.002 0.11 Pass
TLVP EC DU3 L2 07/11/19 0.496 0.568 0.733 0.757 0.025 0.004 0.000 0.03 Pass
TLVP EC DU3 L3 07/11/19 0.144 0.418 0.561 0.132 0.091 0.009 0.003 0.10 Pass
TLVP EC DU3 L4 07/11/19 0.756 0.604 1.22 1.05 0.023 0.007 0.001 0.02 Pass
TLVP EC DU3 L5 07/11/19 0.778 1.51 0.337 1.21 0.037 0.014 0.002 0.03 Pass
TLVP EC DU3 L6 07/11/19 0.902 0.625 0.438 0.141 0.022 0.011 0.003 0.04 Pass
TLVP EC DU4 L1 07/11/19 0.553 1.19 0.532 0.466 0.048 0.028 0.005 0.02 Pass
TLVP EC DU4 L2 07/11/19 0.153 0.532 0.661 0.606 0.099 0.006 0.007 0.11 Pass
TLVP EC DU4 L3 07/11/19 0.897 0.25 0.431 0.471 0.080 0.012 0.002 0.09 Pass
TLVP EC DU4 L4 07/11/19 0.451 0.851 0.177 0.302 0.007 0.018 0.005 0.03 Pass
TLVP EC DU4 L5 07/11/19 0.813 0.886 0.504 0.866 0.004 0.010 0.000 0.01 Pass
TLVP EC DU4 L6 07/11/19 0.941 1.54 0.513 0.366 0.039 0.010 0.002 0.03 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP ED DU1 L1 07/16/19 0.884 5.28 0.466 3.64 0.866 0.032 0.037 0.87 Pass
TLVP ED DU1 L2 07/16/19 0.572 1.87 0.205 2.43 0.061 0.017 0.007 0.05 Pass
TLVP ED DU1 L3 07/16/19 0.853 2.2 0.127 2.75 0.083 0.019 0.008 0.07 Pass
TLVP ED DU1 L4 07/16/19 2.12 16.3 1.91 18.2 1.023 0.024 0.077 1.12 Fail*
TLVP ED DU1 L5 07/16/19 3.43 5.67 2.75 6.88 0.315 0.044 0.027 0.39 Pass
TLVP ED DU1 L6 07/16/19 3.2 10.1 2.07 8.22 0.610 0.027 0.033 0.67 Pass
TLVP ED DU1 L6 09/09/19 2.56 4.82 1.61 5.78 0.258 0.016 0.022 0.30 Pass
TLVP ED DU2 L1 07/17/19 0.802 7.06 1.14 4 1.222 0.016 0.042 1.28 Fail*
TLVP ED DU2 L2 07/17/19 1.38 10.2 1.25 11.7 0.617 0.008 0.048 0.67 Pass
TLVP ED DU2 L3 07/17/19 0.779 8.93 1.6 11.9 0.532 0.016 0.049 0.60 Pass
TLVP ED DU2 L4 07/17/19 2.85 20.5 5.37 25.4 1.303 0.106 0.110 1.52 Fail*
TLVP ED DU2 L5 07/17/19 3.41 14.4 3.2 19.4 0.897 0.054 0.083 1.03 Fail*
TLVP ED DU2 L6 07/17/19 3.19 53.8 54.2 94 3.523 1.269 0.416 5.21 Fail*
TLVP ED DU2 ST1 L1 10/08/19 1.35 4.8 1.35 0.223 0.770 0.031 0.014 0.79 Pass
TLVP ED DU2 ST1 L2 10/08/19 1.49 4.32 1.8 0.378 0.225 0.021 0.006 0.24 Pass
TLVP ED DU2 ST1 L3 10/08/19 1.43 10.1 1.43 6.66 0.610 0.012 0.026 0.65 Pass
TLVP ED DU2 ST1 L4 10/08/19 1.21 17.5 1.78 26.6 1.103 0.020 0.115 1.24 Fail*
TLVP ED DU2 ST1 L5 10/08/19 3.73 20.6 4.48 23.6 1.310 0.085 0.102 1.50 Fail*
TLVP ED DU2 ST1 L6 10/08/19 3.01 15 7.44 17.3 0.937 0.155 0.073 1.17 Fail*
TLVP ED DU3 L1 07/17/19 0.613 0.742 0.502 1.08 0.042 0.030 0.003 0.07 Pass
TLVP ED DU3 L2 07/17/19 0.769 1.08 0.614 1.69 0.009 0.007 0.004 0.01 Pass
TLVP ED DU3 L3 07/17/19 0.564 1.23 1.03 1.44 0.019 0.003 0.003 0.02 Pass
TLVP ED DU3 L4 07/17/19 0.964 2.08 1.88 0.792 0.075 0.023 0.000 0.10 Pass
TLVP ED DU3 L5 07/17/19 2.07 0.264 2.12 2.27 0.081 0.029 0.006 0.05 Pass
TLVP ED DU3 L6 07/17/19 2.7 0.329 3.16 2.24 0.041 0.053 0.006 0.02 Pass
TLVP ED DU3 L6 10/01/19 2.92 3.06 2.93 2.67 0.141 0.048 0.008 0.20 Pass
TLVP ED DU4 L1 07/17/19 0.723 0.617 0.585 1.99 0.313 0.024 0.015 0.32 Pass
TLVP ED DU4 L2 07/17/19 0.746 1.79 0.933 1.86 0.056 0.000 0.004 0.06 Pass
TLVP ED DU4 L3 07/17/19 0.857 1.29 0.727 1.1 0.023 0.005 0.001 0.02 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP ED DU4 L4 07/17/19 1.14 1.5 1.58 2.15 0.037 0.016 0.006 0.06 Pass
TLVP ED DU4 L5 07/17/19 2.48 2.37 2.78 1.82 0.095 0.044 0.004 0.14 Pass
TLVP ED DU4 L6 07/17/19 2.29 4.51 2.26 2.49 0.237 0.032 0.007 0.28 Pass
TLVP ED DU4 L6 10/01/19 0.97 1.62 1.69 0.616 0.045 0.018 0.001 0.06 Pass
TLVP ED DU5 L1 09/06/19 1.21 3.86 0.774 3.67 0.582 0.010 0.037 0.61 Pass
TLVP ED DU5 L2 09/06/19 1.05 6.33 0.706 4.35 0.359 0.005 0.016 0.37 Pass
TLVP ED DU5 L3 09/06/19 1.47 16.5 0.302 26.3 1.037 0.015 0.114 1.14 Fail*
TLVP ED DU5 L4 09/06/19 3.02 17.2 2.93 8.66 1.083 0.048 0.035 1.17 Fail*
TLVP ED DU5 L5 09/06/19 4.63 35.7 7.09 44.4 2.317 0.147 0.194 2.66 Fail*
TLVP ED DU5 L6 09/06/19 4.19 10.4 4.64 8.16 0.630 0.089 0.033 0.75 Pass
TLVP ED DU5 ST1 L1 10/08/19 1.4 2.27 1.73 3.02 0.264 0.058 0.029 0.35 Pass
TLVP ED DU5 ST1 L2 10/08/19 1.71 4.36 0.759 0.35 0.227 0.004 0.002 0.22 Pass
TLVP ED DU5 ST1 L3 10/08/19 1.37 7.57 0.918 6.15 0.441 0.000 0.024 0.46 Pass
TLVP ED DU5 ST1 L4 10/08/19 2.01 4.67 2.74 6.24 0.248 0.043 0.024 0.32 Pass
TLVP ED DU5 ST1 L5 10/08/19 2.49 9.24 4.13 13.6 0.553 0.076 0.057 0.69 Pass
TLVP ED DU5 ST1 L6 10/08/19 3.33 10.2 3.53 2.57 0.617 0.062 0.008 0.69 Pass
TLVP ED DU6 L1 10/09/19 0.811 3.08 2.1 2.25 0.426 0.084 0.019 0.53 Pass
TLVP ED DU6 L2 10/09/19 0.85 1.75 0.611 1.48 0.053 0.007 0.003 0.05 Pass
TLVP ED DU6 L3 10/09/19 1.5 3.66 1.47 2.4 0.181 0.013 0.007 0.20 Pass
TLVP ED DU6 L4 10/09/19 2.75 5.81 2.86 3.91 0.324 0.046 0.014 0.38 Pass
TLVP ED DU6 L5 10/09/19 3.68 5.51 3.73 4.3 0.304 0.067 0.015 0.39 Pass
TLVP ED DU6 L6 10/09/19 4.06 4.64 3.77 4.29 0.246 0.068 0.015 0.33 Pass
TLVP ED DU7 L1 10/03/19 0.921 1.78 0.344 1.06 0.166 0.041 0.003 0.13 Pass
TLVP ED DU7 L2 10/03/19 0.749 1.52 1.06 1.93 0.038 0.003 0.005 0.05 Pass
TLVP ED DU7 L3 10/03/19 1.92 2.82 1.76 3.19 0.125 0.020 0.010 0.16 Pass
TLVP ED DU7 L4 10/03/19 2.46 2.86 1.84 0.671 0.127 0.022 0.001 0.15 Pass
TLVP ED DU7 L5 10/03/19 2.51 3.91 2.01 0.982 0.197 0.026 0.001 0.22 Pass
TLVP ED DU7 L6 10/03/19 2.66 2.64 3.19 1.46 0.113 0.054 0.003 0.17 Pass
TLVP ED DU8 L1 10/01/19 1.23 2 1.16 1.96 0.210 0.017 0.015 0.24 Pass
TLVP ED DU8 L2 10/01/19 1.15 4.3 0.747 2.15 0.223 0.004 0.006 0.22 Pass
TLVP ED DU8 L3 10/01/19 1.39 2.32 1.05 1.33 0.091 0.003 0.002 0.10 Pass
TLVP ED DU8 L4 10/01/19 2.81 5.1 3.05 3.39 0.277 0.051 0.011 0.34 Pass

7

6

8

4

5

D

Page 4 of 12



Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP ED DU8 L5 10/01/19 2.88 3.78 1.96 2.96 0.189 0.025 0.009 0.22 Pass
TLVP ED DU8 L6 10/01/19 2.41 4.52 2.02 2.51 0.238 0.026 0.007 0.27 Pass
TLVP ED DU9 L1 10/10/19 0.998 2.83 0.452 2.99 0.376 0.033 0.028 0.37 Pass
TLVP ED DU9 L2 10/10/19 1.31 4.49 1.28 3.73 0.236 0.009 0.013 0.26 Pass
TLVP ED DU9 L3 10/10/19 1.99 7.54 2.35 3.38 0.439 0.034 0.011 0.48 Pass
TLVP ED DU9 L4 10/10/19 4.36 19.7 5.02 13.4 1.250 0.098 0.056 1.40 Fail*
TLVP ED DU9 L5 10/10/19 4.18 8.63 3.78 7.67 0.512 0.068 0.030 0.61 Pass
TLVP ED DU9 L6 10/10/19 3.93 13 3.78 5.36 0.803 0.068 0.020 0.89 Pass
TLVP ED DU10 L1 10/11/19 0.712 2.05 0.63 3.23 0.220 0.021 0.032 0.23 Pass
TLVP ED DU10 L2 10/11/19 0.544 3.37 0.83 3.55 0.161 0.002 0.012 0.17 Pass
TLVP ED DU10 L3 10/11/19 0.707 2.54 0.7 5.57 0.106 0.005 0.021 0.12 Pass
TLVP ED DU10 L4 10/11/19 2.11 5.35 1.99 4.16 0.293 0.025 0.015 0.33 Pass
TLVP ED DU10 L5 10/11/19 3.67 9.8 3.71 9.11 0.590 0.066 0.037 0.69 Pass
TLVP ED DU10 L6 10/11/19 3.33 12.7 4.07 8.25 0.783 0.075 0.033 0.89 Pass
TLVP ED DU111 L1 11/06/19 0.542 0.917 0.225 0.515 0.007 0.050 0.005 0.06 Pass
TLVP ED DU111 L1 FD 11/06/19 0.71 0.896 0.545 0.547 0.011 0.027 0.004 0.04 Pass
TLVP ED DU11 L2 11/06/19 0.606 0.0779 0.253 0.0844 0.069 0.016 0.003 0.09 Pass
TLVP ED DU11 L3 11/06/19 0.919 0.674 0.137 0.286 0.018 0.019 0.003 0.04 Pass
TLVP ED DU11 L3 FD 11/06/19 1.45 2.71 1.1 1.27 0.117 0.004 0.002 0.12 Pass
TLVP ED DU11 L4 11/06/19 2.08 2.91 0.973 2.34 0.131 0.001 0.007 0.14 Pass
TLVP ED DU11 L5 11/06/19 2.06 3.66 2.65 1.52 0.181 0.041 0.003 0.22 Pass
TLVP ED DU11 L6 11/06/19 3.88 4.8 2.79 3.39 0.257 0.045 0.011 0.31 Pass
TLVP ED DU12 L1 10/09/19 1.24 1.85 1.36 0.734 0.180 0.031 0.002 0.21 Pass
TLVP ED DU12 L2 10/09/19 1.03 1.32 0.652 1.04 0.025 0.006 0.001 0.02 Pass
TLVP ED DU12 L3 10/09/19 1.05 1.46 0.448 1 0.034 0.011 0.001 0.02 Pass
TLVP ED DU12 L4 10/09/19 1.4 3.5 1.07 2.52 0.170 0.004 0.007 0.18 Pass
TLVP ED DU12 L5 10/09/19 3.34 6.52 2.64 3.6 0.371 0.041 0.012 0.42 Pass
TLVP ED DU12 L6 10/09/19 3.62 12.5 7.07 7.01 0.770 0.146 0.027 0.94 Pass
TLVP ED DU13 L1 11/06/19 0.454 1.1 0.383 0.275 0.030 0.038 0.008 0.02 Pass
TLVP ED DU13 L1 FD 11/06/19 2.08 3.93 1.34 2.38 0.596 0.030 0.020 0.65 Pass
TLVP ED DU13 L2 11/06/19 0.0212 0.286 0.614 0.173 0.082 0.007 0.003 0.09 Pass
TLVP ED DU13 L3 11/06/19 1.26 1.55 J 0.844 J 0.228 0.040 0.002 0.003 0.04 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP ED DU13 L3 FD 11/06/19 3.48 8.82 J 4.56 J 10.1 0.525 0.087 0.041 0.65 Pass
TLVP ED DU13 L4 11/06/19 2.83 6.48 2.9 3.56 0.369 0.047 0.012 0.43 Pass
TLVP ED DU13 L5 11/06/19 3.49 9.82 J 3.4 J 11.1 0.591 0.059 0.046 0.70 Pass
TLVP ED DU13 L5 FD 11/06/19 1.6 2.24 J 0.415 J 1.04 0.086 0.012 0.001 0.07 Pass
TLVP ED DU13 L6 11/06/19 2.43 4.46 2.06 2.12 0.234 0.027 0.006 0.27 Pass
TLVP ED DU14 L1 10/28/19 0.601 0.72 0.403 0.231 0.046 0.037 0.008 0.09 Pass
TLVP ED DU14 L2 10/28/19 0.577 0.533 0.0382 0.0231 0.028 0.021 0.004 0.05 Pass
TLVP ED DU14 L3 10/28/19 1.02 0.575 0.545 0.682 0.025 0.009 0.001 0.03 Pass
TLVP ED DU14 L4 10/28/19 1.6 4.34 1.37 3.39 0.226 0.011 0.011 0.25 Pass
TLVP ED DU14 L5 10/28/19 2.24 2.86 1.05 4.74 0.127 0.003 0.017 0.15 Pass
TLVP ED DU14 L6 10/28/19 4.11 10.5 4.52 6.7 0.637 0.086 0.026 0.75 Pass
TLVP ED DU15 L1 11/06/19 0.276 0.705 0.42 J 0.643 0.049 0.036 0.003 0.09 Pass
TLVP ED DU15 L1 FD 11/06/19 3.58 4.71 2.78 J 3.33 0.752 0.133 0.033 0.92 Pass
TLVP ED DU15 L2 11/06/19 0.476 0.739 0.77 0.774 0.014 0.004 0.000 0.02 Pass
TLVP ED DU15 L3 11/06/19 1.13 2.87 1.04 1.53 0.128 0.003 0.003 0.13 Pass
TLVP ED DU15 L3 FD 11/06/19 0.848 2.38 1.21 1.06 0.095 0.007 0.001 0.10 Pass
TLVP ED DU15 L4 11/06/19 2.07 3.52 3.06 2.11 0.171 0.051 0.006 0.23 Pass
TLVP ED DU15 L5 11/06/19 3.61 6.52 2.54 4.84 0.371 0.039 0.018 0.43 Pass
TLVP ED DU15 L5 FD 11/06/19 2.79 4.34 3.05 4.51 0.226 0.051 0.016 0.29 Pass
TLVP ED DU15 L6 11/06/19 3.58 5.67 2.87 6.93 0.315 0.046 0.027 0.39 Pass
TLVP EE DU1 L1 07/23/19 0.985 2.32 0.557 3.38 0.274 0.026 0.034 0.28 Pass
TLVP EE DU1 L1 10/17/19 0.593 1.05 0.63 0.451 0.020 0.021 0.005 0.01 Pass
TLVP EE DU1 L2 07/23/19 1.55 4.81 0.987 5.66 0.257 0.002 0.021 0.28 Pass
TLVP EE DU1 L2 10/17/19 0.624 0.995 0.292 1.02 0.003 0.015 0.001 0.01 Pass
TLVP EE DU1 L3 07/23/19 1.06 9.77 0.395 3.48 0.715 0.013 0.019 0.75 Pass
TLVP EE DU1 L3 10/17/19 0.773 4.34 0.562 1.21 0.226 0.009 0.002 0.22 Pass
TLVP EE DU1 L4 07/23/19 3.61 14.4 2.39 16.7 0.897 0.035 0.071 1.00 Fail*
TLVP EE DU1 L4 10/17/19 1.47 5.33 2 4.51 0.292 0.026 0.016 0.33 Pass
TLVP EE DU1 L5 07/23/19 3.5 8.07 3.04 8.75 0.475 0.050 0.035 0.56 Pass
TLVP EE DU1 L5 10/17/19 2.15 5.32 1.81 4.93 0.291 0.021 0.018 0.33 Pass
TLVP EE DU1 L6 07/23/19 2.99 7.4 2.64 10 0.430 0.041 0.041 0.51 Pass
TLVP EE DU1 L6 10/17/19 2.75 6.42 2.67 4.83 0.365 0.042 0.018 0.42 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EE DU2 L1 10/17/19 0.734 5.21 1.23 5.97 0.852 0.022 0.068 0.94 Pass
TLVP EE DU2 L2 10/17/19 0.733 2.31 1.74 2.98 0.091 0.020 0.009 0.12 Pass
TLVP EE DU2 L3 10/17/19 1.45 12.6 0.827 13.2 0.777 0.002 0.055 0.83 Pass
TLVP EE DU2 L4 10/17/19 1.3 5.45 1.23 2.86 0.300 0.007 0.009 0.32 Pass
TLVP EE DU2 L5 10/17/19 2.74 4.61 1.79 5.89 0.244 0.021 0.022 0.29 Pass
TLVP EE DU2 L6 10/17/19 3.38 13.3 3.54 14.2 0.823 0.062 0.060 0.95 Pass
TLVP EE DU3 L1 10/17/19 1.45 9.43 0.309 7.67 1.696 0.044 0.091 1.74 Fail*
TLVP EE DU3 L2 10/17/19 0.804 10.4 0.848 10.2 0.630 0.002 0.042 0.67 Pass
TLVP EE DU3 L3 10/17/19 1.3 5.12 0.9 8.82 0.278 0.000 0.036 0.31 Pass
TLVP EE DU3 L4 10/17/19 1.69 10.4 1.2 11.7 0.630 0.007 0.048 0.69 Pass
TLVP EE DU3 L5 10/17/19 1.57 9.04 1.79 9.95 0.539 0.021 0.041 0.60 Pass
TLVP EE DU3 L6 10/17/19 2.34 5.83 2.71 10 0.325 0.043 0.041 0.41 Pass
TLVP EE DU4 L1 10/17/19 6.04 19.8 7.78 26.4 3.770 0.490 0.341 4.60 Fail*
TLVP EE DU4 L1 ST1 10/28/19 1.62 2.7 1.26 3.75 0.350 0.024 0.039 0.41 Pass
TLVP EE DU4 L2 10/17/19 0.414 20.1 6.92 3.88 1.277 0.143 0.021 1.40 Fail*
TLVP EE DU4 L3 10/17/19 3.23 12.8 4.42 16.5 0.790 0.083 0.070 0.94 Pass
TLVP EE DU4 L4 10/17/19 1.7 17.9 2.64 16.8 1.130 0.041 0.071 1.24 Fail*
TLVP EE DU4 L5 10/17/19 2.72 13.6 2.49 20.2 0.843 0.037 0.086 0.97 Pass
TLVP EE DU4 L6 10/17/19 2.56 14.1 3.92 10.6 0.877 0.071 0.043 0.99 Pass
TLVP EE DU5 L1 10/17/19 1.1 4.35 0.915 2.86 0.680 0.000 0.027 0.71 Pass
TLVP EE DU5 L2 10/17/19 1.24 2.38 1.57 2.55 0.095 0.015 0.008 0.12 Pass
TLVP EE DU5 L3 10/17/19 1.84 4.72 1.23 3.6 0.251 0.007 0.012 0.27 Pass
TLVP EE DU5 L4 10/17/19 2.05 11 3.69 12.3 0.670 0.066 0.051 0.79 Pass
TLVP EE DU5 L5 10/17/19 1.63 9.5 2.36 10 0.570 0.034 0.041 0.65 Pass
TLVP EE DU5 L6 10/17/19 2.58 6.96 2.39 6.98 0.401 0.035 0.027 0.46 Pass
TLVP EE DU6 L1 10/17/19 0.724 0.966 0.582 0.635 0.003 0.024 0.003 0.02 Pass
TLVP EE DU6 L2 10/17/19 0.58 2.29 0.387 1.78 0.089 0.013 0.004 0.08 Pass
TLVP EE DU6 L3 10/17/19 0.854 2 0.638 2.21 0.070 0.007 0.006 0.07 Pass
TLVP EE DU6 L4 10/17/19 0.995 11.3 11.2 6.84 0.690 0.245 0.027 0.96 Pass
TLVP EE DU6 L5 10/17/19 2.63 9.34 3.91 15 0.559 0.071 0.063 0.69 Pass
TLVP EE DU6 L6 10/17/19 2.74 6.06 1.47 9.71 0.341 0.013 0.040 0.39 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EE DU7 L1 10/17/19 0.769 1.73 0.973 0.879 0.156 0.004 0.000 0.16 Pass
TLVP EE DU7 L2 10/17/19 0.86 3.32 0.562 1.7 0.158 0.009 0.004 0.15 Pass
TLVP EE DU7 L3 10/17/19 0.691 3.37 0.742 2.17 0.161 0.004 0.006 0.16 Pass
TLVP EE DU7 L4 10/17/19 0.495 2.64 0.452 3.52 0.113 0.011 0.012 0.11 Pass
TLVP EE DU7 L5 10/17/19 0.491 2.19 0.333 4.12 0.083 0.014 0.015 0.08 Pass
TLVP EE DU7 L6 10/17/19 1.07 2.72 0.92 2.99 0.118 0.000 0.010 0.13 Pass
TLVP EF DU1 L1 07/22/19 0.571 0.609 0.267 0.739 0.312 0.047 0.002 0.36 Pass
TLVP EF DU1 L2 07/22/19 1.08 1.2 0.106 0.954 0.017 0.019 0.000 0.00 Pass
TLVP EF DU1 L3 07/22/19 0.961 1.19 0.391 0.511 0.016 0.013 0.002 0.00 Pass
TLVP EF DU1 L4 07/22/19 0.713 0.977 0.292 0.106 0.002 0.015 0.003 0.02 Pass
TLVP EF DU1 L5 07/22/19 0.69 0.958 0.428 0.433 0.001 0.012 0.002 0.01 Pass
TLVP EF DU1 L6 07/22/19 0.784 1.19 0.416 0.0516 0.016 0.012 0.004 0.00 Pass
TLVP EF DU2 L1 07/23/19 0.657 1.23 0.293 0.286 0.056 0.045 0.008 0.00 Pass
TLVP EF DU2 L2 07/23/19 0.861 1.37 0.233 0.719 0.028 0.016 0.001 0.01 Pass
TLVP EF DU2 L3 07/23/19 0.726 0.84 0.282 0.511 0.007 0.015 0.002 0.02 Pass
TLVP EF DU2 L4 07/23/19 1.04 0.777 0.335 0.235 0.012 0.014 0.003 0.03 Pass
TLVP EF DU2 L5 07/23/19 0.786 1.27 0.279 0.726 0.021 0.015 0.007 0.00 Pass
TLVP EF DU2 L6 07/23/19 1.34 2.41 0.527 0.934 0.097 0.009 0.000 0.09 Pass
TLVP EF DU3 L1 07/23/19 1.12 1.35 0.611 0.731 0.080 0.022 0.002 0.06 Pass
TLVP EF DU3 L2 07/23/19 1.13 0.579 0.896 1.03 0.025 0.001 0.001 0.02 Pass
TLVP EF DU3 L3 07/23/19 1.12 0.512 0.806 0.398 0.029 0.003 0.002 0.03 Pass
TLVP EF DU3 L4 07/23/19 1.05 0.876 0.919 0.604 0.005 0.000 0.001 0.01 Pass
TLVP EF DU3 L5 07/23/19 1.15 1.3 0.341 0.733 0.023 0.014 0.001 0.01 Pass
TLVP EF DU3 L6 07/23/19 1.82 3.09 0.978 1.85 0.143 0.001 0.004 0.15 Pass
TLVP EG DU01 L1 11/15/19 0.896 2.88 0.298 1.05 0.386 0.044 0.003 0.34 Pass
TLVP EG DU01 L2 11/15/19 1.29 2.54 4.6 2.02 0.106 0.088 0.005 0.20 Pass
TLVP EG DU01 L2 FD 11/15/19 3.27 5.91 6.68 4.95 0.331 0.137 0.018 0.49 Pass
TLVP EG DU01 L3 11/15/19 0.97 2.16 1.05 1.34 0.081 0.003 0.002 0.09 Pass
TLVP EG DU01 L3 FD 11/15/19 1.92 2.85 5.84 3.11 0.127 0.117 0.010 0.25 Pass
TLVP EG DU01 L4 11/15/19 0.859 0.759 0.0218 1.55 0.013 0.021 0.003 0.03 Pass
TLVP EG DU01 L4 FD 11/15/19 1.13 1.98 2.04 1.75 0.069 0.027 0.004 0.10 Pass
TLVP EG DU01 L5 11/15/19 0.944 1.09 0.943 0.494 0.009 0.001 0.002 0.01 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EG DU01 L6 11/15/19 1.22 2.04 1.13 1.62 0.073 0.005 0.003 0.08 Pass
TLVP EG DU01 L6 FD 11/15/19 1.18 1.46 0.743 0.338 0.034 0.004 0.002 0.03 Pass
TLVP EG DU02 L1 11/15/19 0.69 0.73 1.5 0.711 0.044 0.041 0.002 0.00 Pass
TLVP EG DU02 L2 11/15/19 1.19 1.91 1.18 0.72 0.064 0.006 0.001 0.07 Pass
TLVP EG DU02 L3 11/15/19 1.15 2.33 0.76 0.771 0.092 0.004 0.000 0.09 Pass
TLVP EG DU02 L4 11/15/19 0.82 0.407 0.205 3.07 0.036 0.017 0.018 0.07 Pass
TLVP EG DU02 L4 FD 11/15/19 0.41 1.5 0.821 2.07 0.037 0.002 0.005 0.04 Pass
TLVP EG DU02 L5 11/15/19 0.546 0.831 0.716 0.669 0.008 0.005 0.001 0.01 Pass
TLVP EG DU02 L5 FD 11/15/19 0.614 1.26 0.67 0.706 0.021 0.006 0.001 0.01 Pass
TLVP EG DU02 L6 11/15/19 0.878 0.831 0.416 0.593 0.008 0.012 0.001 0.02 Pass
TLVP EG DU02 L6 FD 11/15/19 0.679 1.34 0.72 0.117 0.026 0.005 0.003 0.02 Pass
TLVP EG DU03 L1 11/15/19 1.24 3.18 0.812 3.24 0.446 0.008 0.032 0.47 Pass
TLVP EG DU03 L2 11/15/19 1.05 2.24 1.13 1.22 0.086 0.005 0.002 0.09 Pass
TLVP EG DU03 L2 FD 11/15/19 1.04 1.74 1.2 1.32 0.053 0.007 0.002 0.06 Pass
TLVP EG DU03 L3 11/15/19 0.713 1.08 0.822 0.619 0.009 0.002 0.001 0.01 Pass
TLVP EG DU03 L3 FD 11/15/19 2.34 3.78 1.7 1.59 0.189 0.019 0.003 0.21 Pass
TLVP EG DU03 L4 11/15/19 1.64 3.03 1.46 1.05 0.139 0.013 0.001 0.15 Pass
TLVP EG DU03 L5 11/15/19 1.69 4.08 1.19 1.62 0.209 0.006 0.003 0.22 Pass
TLVP EG DU03 L5 FD 11/15/19 0.809 1.73 1.15 0.931 0.052 0.005 0.000 0.06 Pass
TLVP EG DU03 L6 11/15/19 0.616 0.544 0.325 0.368 0.027 0.014 0.002 0.04 Pass
TLVP EG DU03 L6 FD 11/15/19 0.586 0.788 0.707 0.575 0.011 0.005 0.001 0.02 Pass
TLVP EG DU4 L1 11/20/19 0.931 2.21 1.26 2.27 0.252 0.024 0.019 0.30 Pass
TLVP EG DU4 L2 11/20/19 1.38 4.03 1.21 3.42 0.205 0.007 0.019 0.19 Pass
TLVP EG DU4 L3 11/20/19 3.22 8.01 4.45 6.67 0.471 0.084 0.026 0.58 Pass
TLVP EG DU4 L4 11/20/19 3.04 6.04 2.33 5.93 0.339 0.034 0.023 0.40 Pass
TLVP EG DU4 L5 11/20/19 4.09 9.63 3.73 13.7 0.579 0.067 0.057 0.70 Pass
TLVP EG DU4 L6 11/20/19 2.94 5.14 2.3 2.49 0.279 0.033 0.007 0.32 Pass
TLVP EG DU5 L1 11/20/19 0.902 6.34 0.325 5.71 1.078 0.043 0.065 1.10 Fail*
TLVP EG DU5 L1 FD 11/20/19 1.19 5.35 0.309 5.31 0.880 0.044 0.059 0.90 Pass
TLVP EG DU5 L2 11/20/19 4.5 15.2 J 16.9 13.4 J 0.950 0.380 0.056 1.39 Fail*
TLVP EG DU5 L2 FD 11/20/19 4.45 10.1 J 13.1 3.97 J 0.610 0.290 0.014 0.91 Pass
TLVP EG DU5 L3 11/20/19 3.03 6.87 2.92 5.13 0.395 0.048 0.019 0.46 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EG DU5 L4 11/20/19 3.92 5.31 3.27 3.6 0.291 0.056 0.012 0.36 Pass
TLVP EG DU5 L4 FD 11/20/19 4.33 3.93 2.84 4.05 0.199 0.046 0.014 0.26 Pass
TLVP EG DU5 L5 11/20/19 4.09 5.3 3.43 2.51 0.290 0.060 0.007 0.36 Pass
TLVP EG DU5 L5 FD 11/20/19 2.85 3.66 3.13 3.37 0.181 0.053 0.011 0.24 Pass
TLVP EG DU5 L6 11/20/19 3.63 7.78 2.51 2 0.455 0.038 0.005 0.50 Pass
TLVP EG DU6 L1 11/20/19 1.41 6.42 0.155 6.88 1.094 0.077 0.080 1.10 Fail*
TLVP EG DU6 L1 FD 11/20/19 1.59 3.44 1.55 4.56 0.498 0.045 0.049 0.59 Pass
TLVP EG DU6 L2 11/20/19 1.92 3.81 0.978 2.77 0.191 0.001 0.009 0.20 Pass
TLVP EG DU6 L3 11/20/19 2.21 7.96 3.58 8.52 0.467 0.063 0.034 0.56 Pass
TLVP EG DU6 L3 FD 11/20/19 1.99 7.16 2.66 4.37 0.414 0.041 0.016 0.47 Pass
TLVP EG DU6 L4 11/20/19 2.25 4.39 1.22 4.6 0.229 0.007 0.017 0.25 Pass
TLVP EG DU6 L4 FD 11/20/19 2.08 3.61 1.63 3.67 0.177 0.017 0.013 0.21 Pass
TLVP EG DU6 L5 11/20/19 2.83 3.51 1.81 3.64 0.171 0.021 0.012 0.20 Pass
TLVP EG DU6 L5 FD 11/20/19 2.39 3.63 2.11 3.81 0.179 0.028 0.013 0.22 Pass
TLVP EG DU6 L6 11/20/19 2.41 2.98 1.62 0.745 0.135 0.017 0.001 0.15 Pass
TLVP EG DU7 L1 11/20/19 1.36 3.37 1.52 4 0.484 0.043 0.042 0.57 Pass
TLVP EG DU7 L2 11/20/19 0.911 9.29 2.63 9.9 0.556 0.041 0.040 0.64 Pass
TLVP EG DU7 L3 11/20/19 2.82 8.06 2.54 7.12 0.474 0.039 0.028 0.54 Pass
TLVP EG DU7 L4 11/20/19 3.37 15 7.03 21.2 0.937 0.145 0.091 1.17 Fail*
TLVP EG DU7 L5 11/20/19 2.56 6.15 1.72 2.49 0.347 0.019 0.007 0.37 Pass
TLVP EG DU7 L6 11/20/19 2.42 7.56 2.56 6.61 0.441 0.039 0.026 0.51 Pass
TLVP EG DU8 L1 11/20/19 1.17 1.95 1.25 2.15 0.200 0.024 0.017 0.24 Pass
TLVP EG DU8 L2 11/20/19 1.33 2.72 1.26 2.34 0.118 0.008 0.007 0.13 Pass
TLVP EG DU8 L3 11/20/19 1.71 4.24 1.07 3.14 0.219 0.004 0.010 0.23 Pass
TLVP EG DU8 L4 11/20/19 2.57 5.81 1.8 2.83 0.324 0.021 0.009 0.35 Pass
TLVP EG DU8 L5 11/20/19 3.7 16.8 3.5 9.97 1.057 0.061 0.041 1.16 Fail*
TLVP EG DU8 L6 11/20/19 3.33 7.45 2.7 5.28 0.433 0.042 0.020 0.50 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EH DU01 L1 11/28/19 0.728 0.936 0.55 0.599 0.003 0.026 0.003 0.03 Pass
TLVP EH DU01 L2 11/28/19 0.671 0.818 0.397 0.0177 0.009 0.012 0.004 0.03 Pass
TLVP EH DU01 L2 FD 11/28/19 0.589 0.927 0.588 0.255 0.002 0.008 0.003 0.01 Pass
TLVP EH DU01 L3 11/28/19 0.988 1.72 0.546 0.43 0.051 0.009 0.002 0.04 Pass
TLVP EH DU01 L4 11/28/19 1.63 2.74 1.48 1.38 0.119 0.013 0.002 0.13 Pass
TLVP EH DU01 L4 FD 11/28/19 1.35 2.62 1.28 1.13 0.111 0.009 0.001 0.12 Pass
TLVP EH DU01 L5 11/28/19 3.08 4.69 2.38 2.65 0.249 0.035 0.008 0.29 Pass
TLVP EH DU01 L6 11/28/19 0.974 1.04 0.339 0.0648 0.006 0.014 0.004 0.01 Pass
TLVP EH DU02 L1 11/26/19 0.731 1.49 0.573 0.351 0.108 0.025 0.007 0.08 Pass
TLVP EH DU02 L2 11/26/19 0.708 0.712 0.508 0.802 0.016 0.010 0.000 0.03 Pass
TLVP EH DU02 L2 FD 11/26/19 0.605 1.64 0.381 0.552 0.046 0.013 0.001 0.03 Pass
TLVP EH DU02 L3 11/26/19 0.671 1.06 0.671 0.0366 0.007 0.006 0.004 0.00 Pass
TLVP EH DU02 L4 11/26/19 0.828 1.81 0.43 0.397 0.057 0.012 0.002 0.04 Pass
TLVP EH DU02 L4 FD 11/26/19 1.1 2.15 0.892 0.898 0.080 0.001 0.000 0.08 Pass
TLVP EH DU02 L5 11/26/19 2.66 3.65 2.61 0.815 0.180 0.040 0.000 0.22 Pass
TLVP EH DU02 L6 11/26/19 1.63 2.14 1.25 0.716 0.079 0.008 0.001 0.09 Pass
TLVP EH DU03 L1 12/06/19 0.583 0.947 0.412 0.607 0.001 0.036 0.003 0.04 Pass
TLVP EH DU03 L2 12/06/19 0.552 0.753 0.629 0.288 0.013 0.007 0.003 0.02 Pass
TLVP EH DU03 L3 12/06/19 0.694 1.45 0.473 0.246 0.033 0.011 0.003 0.02 Pass
TLVP EH DU03 L4 12/06/19 0.878 0.443 0.45 0.528 0.034 0.011 0.001 0.05 Pass
TLVP EH DU03 L5 12/06/19 3.08 4.62 2.31 2.2 0.245 0.033 0.006 0.28 Pass
TLVP EH DU03 L6 12/06/19 1.47 2.96 0.909 2.04 0.134 0.000 0.005 0.14 Pass
TLVP EH DU04 L1 12/06/19 0.489 0.486 0.925 0.575 0.093 0.000 0.004 0.10 Pass
TLVP EH DU04 L2 12/06/19 0.644 0.715 0.599 0.543 0.016 0.008 0.001 0.02 Pass
TLVP EH DU04 L3 12/06/19 0.784 1.14 0.21 0.891 0.013 0.017 0.000 0.00 Pass
TLVP EH DU04 L4 12/06/19 1.18 2.62 0.807 1.87 0.111 0.003 0.005 0.11 Pass
TLVP EH DU04 L5 12/06/19 2.32 5.74 2.54 6.35 0.319 0.039 0.025 0.38 Pass
TLVP EH DU04 L6 12/06/19 2.33 3.49 2.4 2.86 0.169 0.035 0.009 0.21 Pass
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Table 5 4 Confirmation Sample Results
Construction Completion Report for Soil Remediation

Landfill Operable Unit
Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ra 226 5 15 0.95
Th 230 14 42 0.92
U 238 75 224 0.86

Excavation Decision Unit Sample ID
Sample

Date

Bismuth 214
(Ra 226)

pCi/g

Radium 226
(186 KeV)

pCi/g

Thorium 230

pCi/g

Thorium 234
(U 238)
pCi/g

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution SOR Pass/Fail

TLVP EH DU05 L1 12/06/19 0.942 1.99 0.841 1.67 0.208 0.006 0.011 0.21 Pass
TLVP EH DU05 L2 12/06/19 0.562 0.888 0.607 0.626 0.004 0.007 0.001 0.01 Pass
TLVP EH DU05 L3 12/06/19 0.776 1.03 0.708 0.481 0.005 0.005 0.002 0.00 Pass
TLVP EH DU05 L4 12/06/19 2.15 4.91 1.97 3.84 0.264 0.025 0.013 0.30 Pass
TLVP EH DU05 L5 12/06/19 1.71 4.06 1.69 2.52 0.207 0.018 0.007 0.23 Pass
TLVP EH DU05 L6 12/06/19 3.1 3.75 2.39 3.27 0.187 0.035 0.011 0.23 Pass
TLVP EH DU06 L1 12/06/19 0.61 0.869 0.265 0.257 0.016 0.047 0.008 0.07 Pass
TLVP EH DU06 L2 12/06/19 0.689 0.813 0.231 0.311 0.009 0.016 0.002 0.03 Pass
TLVP EH DU06 L3 12/06/19 0.985 2.82 1.46 0.467 0.125 0.013 0.002 0.14 Pass
TLVP EH DU06 L4 12/06/19 3.03 2.86 2.63 2.73 0.127 0.041 0.008 0.18 Pass
TLVP EH DU06 L5 12/06/19 3.01 4.02 2.04 3.68 0.205 0.027 0.013 0.24 Pass
TLVP EH DU06 L6 12/06/19 3 5.9 2.54 2.85 0.330 0.039 0.009 0.38 Pass

Notes:
Project Action Limit (PAL) Source = USACE, 2017. Record of Decision for the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property, Tonawanda, New York. Buffalo District, September.
* Required Tier II evaluation. See Tier II table below.
Abbreviation Key:
J = The positive result reported is a quantitative estimate.
KeV = kilo electronvolts
pCi/g = picocuries per gram
SOR = Sum of Ratios
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Table 5 4 Tier II Confirmation Sample Results

Construction Completion Report for Soil Remediation
Landfill Operable Unit Tonawanda Landfill Vicinity Property

Surface Goals
(pCi/g)

Subsurface Goals
(pCi/g)

Background
(pCi/g)

Ingrowth Factors

Ra 226 5 15 0.95

Day 1
Day 6 0.662

Th 230 14 42 0.92

Day 2
Day 5 0.595

Day 12 0.886
U 238 75 224 0.86 Ra 226 Bi 214

Excavation Decision Unit Sample ID Sample
Date

In Growth
Time

(Days)

In Growth
Factor

Ra 226
Contribution

Th 230
Contribution

U 238
Contribution

SOR Pass/Fail

1 TLVP ED DU1 L4 07/16/19 1 0.165 0.793 0.024 0.077 0.89 Pass
TLVP ED DU2 L1 07/17/19 1 0.165 0.782 0.016 0.042 0.84 Pass
TLVP ED DU2 L4 07/17/19 1 0.165 1.088 0.106 0.110 1.30 Fail**
TLVP ED DU2 L5 07/17/19 1 0.165 1.314 0.054 0.083 1.45 Fail**
TLVP ED DU2 L6 07/17/19 1 0.165 1.226 1.269 0.416 2.91 Fail**
TLVP ED DU2 ST1 L4 10/08/19 6 0.662 0.059 0.020 0.115 0.19 Pass
TLVP ED DU2 ST1 L5 10/08/19 6 0.662 0.312 0.085 0.102 0.50 Pass
TLVP ED DU2 ST1 L6 10/08/19 6 0.662 0.240 0.155 0.073 0.47 Pass
TLVP ED DU5 L3 09/06/19 3 0.419 0.171 0.015 0.114 0.27 Pass
TLVP ED DU5 L4 09/06/19 3 0.419 0.417 0.048 0.035 0.50 Pass
TLVP ED DU5 L5 09/06/19 3 0.419 0.673 0.147 0.194 1.01 Fail**

9 TLVP ED DU9 L4 10/10/19 5 0.595 0.425 0.098 0.056 0.58 Pass
1 TLVP EE DU1 L4 07/23/19 1 0.165 1.395 0.035 0.071 1.50 Fail**
3 TLVP EE DU3 L1 10/17/19 2 0.304 0.764 0.044 0.091 0.81 Pass

TLVP EE DU4 L1 10/17/19 2 0.304 3.784 0.490 0.341 4.61 Fail**
TLVP EE DU4 L2 10/17/19 2 0.304 0.027 0.143 0.021 0.15 Pass
TLVP EE DU4 L4 10/17/19 2 0.304 0.309 0.041 0.071 0.42 Pass
TLVP EG DU5 L1 11/20/19 2 0.304 0.403 0.043 0.065 0.43 Pass
TLVP EG DU5 L2 11/20/19 12 0.886 0.275 0.380 0.056 0.71 Pass

6 TLVP EG DU6 L1 11/20/19 3 0.419 0.483 0.077 0.080 0.49 Pass
7 TLVP EG DU7 L4 11/20/19 3 0.419 0.473 0.145 0.091 0.71 Pass
8 TLVP EG DU8 L5 11/20/19 3 0.419 0.525 0.061 0.041 0.63 Pass

Notes:
Project Action Limit (PAL) Source = USACE, 2017. Record of Decision for the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property, Tonawanda, New York. Buffalo District, September.
Ingrowth Factors obtained from Table 17.3, Method for the Determination of Radium 228 and Radium 226 in Drinking Water by Gamma ray Spectrometry Using HPGE or Ge(Li) Detectors, Environmental
Resource Center, Georgia Institute of Technology, December 2004
** Decision unit required excavation and was subsequently resampled.

Abbreviation Key:
KeV = kilo electronvolts
pCi/g = picocuries per gram
SOR = Sum of Ratios
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Surface 
Goals

(pCi/g)

Subsurface 
Goals

(pCi/g)

Background
(pCi/g)

Ra‐226 5 15 0.95 Day 1 0.165 Day 5 0.595
Th‐230 14 42 0.92 Day 2 0.304 Day 6 0.662
U‐238 75 224 0.86 Day 3 0.419 Day 12 0.886

Excavation
Resampled 
Sample ID

Sample Date
Ra‐226 
(pCi/g) 

(186 KeV)

Th‐230 
(pCi/g)

U‐238 
(pCi/g) 

(Th‐234)

In‐Growth 
Time

(Days)

In‐Growth 
Factor

Ra‐226 
Contribution

Th‐230 
Contribution

U‐238
Contribution

SOR Pass/Fail

TLVP‐ED‐DU2‐ST1‐L4 10/8/2019 6 0.662 0.059 0.020 0.115 0.19 Pass
TLVP‐ED‐DU2‐ST1‐L5 10/8/2019 6 0.662 0.312 0.085 0.102 0.50 Pass
TLVP‐ED‐DU2‐ST1‐L6 10/8/2019 6 0.662 0.240 0.155 0.073 0.47 Pass
TLVP‐ED‐DU5‐ST1‐L5 10/8/2019 9.24 4.13 13.6 0.553 0.076 0.057 0.69 Pass

TLVP‐EE‐DU1‐L4 10/17/2019 5.33 2 4.51 0.292 0.026 0.016 0.33 Pass
TLVP‐EE‐DU4‐L1‐ST1 10/28/2019 2.7 1.26 3.75 0.350 0.024 0.039 0.413 Pass

E
1
4

Notes:
Project Action Limit (PAL) Source = USACE, 2017. Record of Decision for the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property. Buffalo District, September. 
Ingrowth Factors obtained from Table 17.3, Method for the Determination of Radium‐228 and Radium‐226 in Drinking Water by Gamma‐ray Spectrometry Using HPGE or Ge(Li) Detectors, Environmental Resource Center, Georgia 
Institute of Technology, December 2004.

Abbreviation Key:
KeV = kilo‐electronvolts  
pCi/g = picocuries per gram  
SOR = Sum of Ratios

In‐Growth Factors

Table 5‐4b ‐ Tier II and Resampled Confirmation Sample Results
Resampled Decision Units After Additonal Excavation

Landfill Operable Unit Tonawanda Landfill Vicinity Property

Decision Unit

D
2

5



This page was intentionally left blank. 



Appendix  

Radon Sampling Plan 
For The Landfill  Of The 
T  



______________________________________________________________________ 
 
June 2020 Page 1 of 20  

 

 
 

RADON SAMPLING PLAN  
FOR THE LANDFILL OPERABLE UNIT OF THE 

TONAWANDA LANDFILL VICINITY PROPERTY TONAWANDA, NEW YORK 
 

 
 

 
AUTHORIZED PROJECT UNDER THE FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM 

 
 

June 2020 
Prepared by: 

U.S. Army Corps of Engineers Buffalo District 
1776 Niagara Street 

Buffalo, New York 14207-3199 



 

______________________________________________________________________ 
 
June 2020 Page 2 of 20  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank. 



U.S. Army Corps of Engineers – Buffalo District 
Tonawanda Landfill Vicinity Property – Tonawanda, NY 
Radon Sampling Plan 
 

_________________________________________________________________________ 
 
June 2020 Page 3 of 20  

TABLE OF CONTENTS 
TABLES ................................................................................................................................. 3 
FIGURES ............................................................................................................................... 3 
Section 1: Purpose ................................................................................................................. 7 
Section 2: Project Description ................................................................................................ 7 
Section 3: Site History ............................................................................................................ 7 
Section 4: Description of Remedial Action .............................................................................. 8 
Section 5: Nature and Extent of FUSRAP-Related Contamination ......................................... 9 
Section 6: Federal Applicable or Relevant and Appropriate Requirements (ARARs) .............. 9 
Section 7: ROD Cleanup Goals ............................................................................................ 11 
Section 8: Radon Flux Parameters, Measurement, and Calculation ..................................... 12 
Section 9: Quality Assurance ............................................................................................... 16 
Section 10: Reporting........................................................................................................... 18 
References .......................................................................................................................... 19 

 
 
 
TABLES 
 
Table 1: ARARs for Landfill OU 
Table 2: Cleanup Goals 
Table 3: Detection Sensitivity  
 
FIGURES 
 
Figure 1: Site Location 
Figure 2: FUSRAP Property Location 
Figure 3: Landfill OU Including USACE Area of Interest and Showing Inaccessible and  

Capped Areas 
Figure 4: Radon Sample Locations for Region 1 
Figure 5: Radon Sample Locations for Region 2 
Figure 6: Radon Sample Locations for Region 3 
Figure 7A: Flux per Canister Count Rate at 24 Hours 
Figure 7B: Flux per Canister Count Rate at 24 Hours (< 70 pCi/m2/s) 
Figure 8:  90% Confidence Interval 
  



U.S. Army Corps of Engineers – Buffalo District 
Tonawanda Landfill Vicinity Property – Tonawanda, NY 
Radon Sampling Plan 
 

_________________________________________________________________________ 
 
June 2020 Page 4 of 20  

Acronyms, Abbreviations, and Units of Measure 
 
ARAR  applicable or relevant and appropriate requirement  
bgs  below ground surface 
Bi-214  bismuth-214 
BNI  Bechtel National, Incorporated 
BRA  baseline risk assessment 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR  Code of Federal Regulations 
cm  centimeter 
cpm  counts per minute 
COCs  constituents of concern 
DOD United States Department of Defense 
DOD ELAP Department of Defense Environmental Laboratory Accreditation Program 
DOE United States Department of Energy  
dpm disintegrations per minute 
DPT Device Performance Test 
EPA U.S. Environmental Protection Agency  
FS  feasibility study 
ft  foot (feet) 
ft2  square foot (square feet) 
FUSRAP Formerly Utilized Sites Remedial Action Program  
GPS  Global Positioning System 
in  inch (inches) 
keV  kiloelectron volts 
km  kilometer 
m  meter(s) 
m2  square meter(s) 
m3  cubic meter(s) 
MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual 
MDF   Minimum Detectable Flux 
mi  miles 
NCP  National Oil and Hazardous Substances Pollution Contingency Plan  
NESHAPS National Emission Standards for Hazardous Air Pollutants 
NRC  Nuclear Regulatory Commission 
NRPP   National Radon Proficiency Program 
NYCRR New York Code of Rules and Regulations 
NYSDEC New York State Department of Environmental Conservation  
ORNL  Oak Ridge National Laboratory  
OU  operable unit 
pCi/g  picocuries per gram 
pCi/m2/s picocuries per square meter per second 
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Acronyms, Abbreviations, and Units of Measure 
 
Ra-226 radium-226 
ROD  record of decision 
Rn-222 radon-222 
TLVP   Tonawanda Landfill Vicinity Property 
Th-230  thorium-230 
Th-232  thorium-232 
Utotal  total uranium 
U-234 uranium-234 
U-235 uranium-235 
U-238  uranium-238 
USACE U.S. Army Corps of Engineers  
USAGC U.S. Army Geospatial Center  
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Section 1: Purpose 
 
This plan defines the radon sampling methodology for comparison to the requirements of the 
Record of Decision (ROD) for the remedy of the Landfill Operable Unit (OU) of the Tonawanda 
Landfill Vicinity Property (TLVP) in the Town of Tonawanda, Erie County, New York.  The Town of 
Tonawanda Landfill is a vicinity property to the Linde FUSRAP Site. This project is authorized 
under the Formerly Utilized Sites Remedial Action Program (FUSRAP), which was established in 
1974 to identify, investigate, and, if necessary, clean up or control sites that were contaminated as 
a result of activities conducted in support of the Nation’s early atomic energy and weapons 
program. 
 
The remedy was chosen by U.S. Army Corps of Engineers (USACE) in accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as 
amended, and the National Oil and Hazardous Substances Pollution Contingency Plan, 
Feasibility Study Alternative 3, “Targeted Shallow Removal and Off-Site Disposal of FUSRAP-
Related Material.”  
 
USACE has completed the excavation portion of the remedial action and the seeding and 
restoration of the site was completed in the spring of 2020. USACE will then implement this radon 
sampling plan to conduct confirmatory testing to meet the requirements of the ROD. 
 
Section 2: Project Description 
 
The TLVP is located in the Town of Tonawanda, Erie County, New York.  It is approximately 
16 kilometers (km) (10 miles) north of downtown Buffalo and 2.4 km (1.5 mi) north of the Linde 
Formerly Utilized Sites Remedial Action Program (FUSRAP) Site (Figure 1). In 1992, the U.S. 
Department of Energy (DOE) designated a portion of the Town of Tonawanda Landfill as a vicinity 
property to the Linde FUSRAP Site. The TLVP consists of two parcels within the North 
Youngmann Commerce Center.  The Town of Tonawanda owns these parcels: the Landfill 
Operable Unit (OU), which houses the town’s inactive municipal solid waste landfill, and the 
Mudflats (Figure 2). In 2008, USACE issued a no-action ROD for the Mudflats OU after it 
determined that risks from FUSRAP-related constituents of concern (COCs) in that OU were 
within acceptable limits established in the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP). 
 
The Landfill OU comprises approximately 22 hectares (55 acres); it is zoned 
commercial/industrial. The site is located at the northern end of East Park Drive. Residential 
developments border the site to the north and northwest. There is a railroad line to the east and a 
parcel containing National Grid transmission lines to the south.  The residential development to 
the north and northwest of the Landfill OU lies within the City of Tonawanda. 
 
Section 3: Site History 
 
In the early 1900s, the western portion of the town’s landfill property was the site of a quarry. The 
quarry was reportedly abandoned in the 1920s when operators encountered water at an 18-m (60 
foot [ft}) depth.  Waste disposal at the landfill by the Town of Tonawanda began during the 1930s 
and continued through 1989.  Landfill wastes disposed of in the former quarry included ash 
created by the town’s incinerators, construction/demolition debris, and yard refuse (leaves, 
branches, etc.) collected from town residents. The landfill occasionally accepted municipal solid 
waste and wastewater sludge from the Town of Tonawanda’s wastewater treatment plant when 
the incinerators were temporarily inoperable. 
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In 1992, the DOE designated the landfill and mudflats together as a FUSRAP vicinity property.  
The designation was based on a radiological survey conducted in 1991 to determine whether 
FUSRAP-related material from the nearby Linde FUSRAP Site was in the Town of Tonawanda’s 
municipal solid waste landfill. 
 
In October 1997, Congress transferred overall responsibility for implementing FUSRAP from DOE 
to USACE and directed that FUSRAP remediation be conducted in accordance with the CERCLA.  
With this transfer, USACE assumed responsibility for a response, if necessary, at the Tonawanda 
Landfill Vicinity Property. 
 
Since that time, USACE completed a number of studies at the Tonawanda Landfill Vicinity 
Property. These included a human health risk assessment, a remedial investigation, and a 
proposed plan for the property (USACE 1999, 2005, and 2007). In 2008, USACE signed a no-
action ROD for the Mudflats OU portion of the TLVP after it determined that risks were within 
acceptable limits established in the NCP. The remainder of the USACE studies, which included a 
historical photo analysis, Phase 2 remedial investigation, updated baseline risk assessment, 
environmental monitoring, feasibility study (FS), and proposed plan(USACE 2009, 2011, 2012, 
2014, and 2015) focused on the Landfill OU. 
 
In 2007, the Town of Tonawanda began the process of closing the municipal solid waste landfill in 
accordance with Title 6 of the New York Code of Rules and Regulations (NYCRR). The Town of 
Tonawanda undertook this action under New York State Department of Environmental 
Conservation (NYSDEC) oversight. The Town of Tonawanda installed a cap over the 10- hectare 
(25-acre) eastern portion of the solid waste municipal landfill in 2011.  In 2013, the Town of 
Tonawanda began constructing the final cap over the western portion of the solid waste municipal 
landfill, but has since halted the work until USACE completes implementation of the selected 
remedy. 
 
In 2019, USACE implemented the chosen remedial action of targeted shallow removal and off-site 
disposal of FUSRAP-related material. Final site restoration and seeding was completed in May 
2020. 
 
Section 4: Description of Remedial Action 
 
The ROD remedy for the Landfill OU, “Targeted Shallow Removal and Off-Site Disposal of 
FUSRAP-Related Material,” involved the targeted shallow removal of impacted soil above cleanup 
goals within the first 1.5 m (5 ft) below ground surface (bgs) and confirmatory sampling within the 
sidewalls of the excavation to ensure that the lateral extent of the FUSRAP-related COCs 
complies with the Criterion 6(6)-based remediation goals within the first 1.5 m (5 ft) bgs.  
Contaminated soils were disposed at a permitted off-site disposal facility.  Removing radiologically 
contaminated soil exceeding cleanup goals within the first 1.5 m (5 ft) bgs limits exposure risk to 
contaminated soil to within acceptable levels, removes the contaminated soils that could 
potentially be exposed in the future via erosion, and limits potential exposure to residual FUSRAP 
material below a depth of 1.5 m (5 ft) bgs. 
 
After excavation backfilling, seeding and final site restoration are completed, USACE will 
implement radon flux monitoring of uncapped portions of the Landfill OU to verify residual 
radioactive material at depth (i.e., greater than 1.5 m [5 ft]) meets the radon flux limit of 
20  picocuries per square meter per second (pCi/m2/s) at the ground surface in accordance with 
this radon flux sampling plan.  As seen in Figure 3, the portion of the landfill to the east has been 
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closed and capped by the Town of Tonawanda and will not be included in the radon sampling 
conducted under this plan.  Some areas of the landfill are inaccessible, i.e., currently in active use 
by the Town of Tonawanda and may present a hazard to workers taking measurements and 
endangers sampling equipment, due to large machinery traffic and active soil movement activities.  
This inaccessible area is indicated on Figure 3. Accessible areas that have been delineated for 
regional measurements are identified as Regions 1, 2 and 3 in Figures 4 through 6.  
 
Since the selected remedial alternative will result in hazardous substances, pollutants, or 
contaminants remaining on-site above levels that allow for unlimited use and unrestricted 
exposure, a statutory review will be conducted every five years after initiating the selected 
remedial action to ensure the remedy will remain protective of human health and the environment 
for the 1,000-year period of performance. 
 
Section 5: Nature and Extent of FUSRAP-Related Contamination 
 
Various historical material sampling efforts identified soils in the Landfill OU with elevated levels of 
the FUSRAP COCs: Ra-226, Th-230 and Utotal. Maximum detected concentrations included 3,485 
picocuries per gram (pCi/g) for Ra-226, 4,300 pCi/g for Th-230, and 2,048 pCi/g for U-238. Soils 
with elevated FUSRAP constituents were generally confined to an area in the northwestern 
portion of the Landfill OU, near the center of and roughly paralleling the northwestern fence line 
separating the Landfill OU from the adjacent residential properties. The highest levels were 
generally detected 0.6 m (2 ft) or more bgs, with elevated levels detected as deep as 7.6 m (25 ft) 
bgs. For the excavation portion of the remedial action, there were 8 individual areas, lettered A 
through H, which were excavated from the surface down to 5 ft bgs. 
 
Section 6: Federal Applicable or Relevant and Appropriate Requirements (ARARs) 
 
Section 121(d)(1) of CERCLA requires that upon completion, remedial actions must achieve a 
level or standard of control that at least attains legally applicable or relevant and appropriate 
standards, requirements, criteria, or limitations promulgated under federal environmental law. 
 
The ROD requires that parts of Nuclear Regulatory Commission (NRC) regulation 10 CFR 
Part  40, Appendix A, that establishes technical, financial, ownership, and long-term site 
surveillance criteria relating to siting, operation, decontamination, decommissioning, and 
reclamation of licensed uranium and thorium mills and tailings, listed in Table 1, are relevant and 
appropriate to the cleanup. The regulation contains some substantive criteria pertaining to the 
radionuclides found at the site (radium, thorium, and to a lesser extent uranium) which are similar 
in nature to tailings or wastes produced by the extraction of source material from ores primarily for 
their source content (uranium processing activities). 
 

TABLE 1 - ARARS FOR LANDFILL OU 
ARAR Description 

10 CFR Part 40, Appendix A 

Relating to the Operation of Uranium Mills and the 
Disposition of Tailings or Wastes Produced by the Extraction 
or Concentration of Source Material from Ores Processed 
Primarily for Their Source Material Content. 

Criterion 6(6) Closure of Waste Disposal Areas 

Criterion 12 Long-Term Site Surveillance 
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10 CFR Part 40, Appendix A, Criterion 6:   
 
Criterion 6(6) establishes residual soil concentration requirements for radium in surface and 
subsurface soil, unless the radon flux limit of 20 pCi/m2-s in Criterion 6(1) is met.  The design 
requirements in Criterion 6 for longevity and control of radon releases (i.e., radon flux limit of 
20  pCi/m2/s in Criterion 6[1]) apply to any portion of a licensed and/or disposal site unless the 
portion contains a concentration of radium in land, averaged over areas of 100 square meters 
(1076.4 square ft), which, as a result of byproduct material, does not exceed the background level 
by more than: (i) 5 picocuries per gram (pCi/g) Ra-226, averaged over the first 15 centimeters 
(cm) (6-in) below the surface, and (ii) 15 pCi/g of Ra-226, averaged over 15-cm (6-in) thick layers 
more than 15-cm (6-in) below the surface. 
 
Criterion 6(6) also identifies benchmark dose requirements used to develop the cleanup goals for 
addressing radionuclides other than radium so that byproduct material containing concentrations 
of radionuclides other than radium in soil, and surface activity on remaining structures, must not 
result in a total effective dose equivalent (TEDE) exceeding the dose from clean-up of radium 
contaminated soil to the above standard (benchmark dose), and must be at levels which are as 
low as is reasonably achievable. 
 
Criterion 6(1) is not an ARAR since the selected remedy does not propose the design and 
construction of a cover to reduce gamma radiation and radon emissions to ensure the 
protectiveness of the remedy.  However, since residual radioactive material will remain above the 
15 pCi/g Ra-226 cleanup goal in soil greater than 1.5 m (5 ft) in depth upon completion of the 
remedial action the radon flux limit in Criterion 6(1) is used to demonstrate compliance with 
Criterion 6(6). 
 
Criterion 6(1) establishes performance criteria for covers to be placed over tailings or wastes at 
the end of milling operations.  Criterion 6(1) requires waste disposal areas to be closed with a 
design which provides reasonable assurance of control of radiological hazards to: 
 

1. Be effective for 1,000-years, to the extent reasonably achievable, and, in any case, for at 
least 200 years. 

2. Limit releases of radon-222 from uranium byproduct materials, and radon-220 from 
thorium byproduct materials, to the atmosphere so as not to exceed an average release 
rate of 20 picocuries per square meter per second (pCi/m2-s) to the extent practicable 
throughout the effective design life. 

3. In addition the 10 CFR 40, Appendix A, Criterion 6 footnotes include: 
a. Monitoring for radon emissions from thorium byproduct materials after installation of 

an appropriately designed cover is not required. 
b. This average applies to the entire surface of each disposal area over a period of at 

least one year, but less than 100 years. Radon will come from both byproduct 
materials and from covering materials. Radon emissions from covering materials 
should be estimated as part of developing a closure plan for each site.  

 
USACE estimated that the surface radon emission flux after Targeted Shallow Removal and Off-
Site Disposal and backfill of the excavations are complete, would be below 6 pCi/m2-s.  
 
10 CFR Part 40, Appendix A, Criterion 12:  Criterion 12 mandates that the final disposition of 
tailings, residual radioactive material, or wastes at milling sites should be such that ongoing active 
maintenance is not necessary to preserve isolation. The substantive provisions require annual 
inspections of closed disposal sites to verify that controls continue to be protective. 
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Periodic inspections are an important component of institutional controls and are considered 
appropriate.  Although there are some administrative requirements (i.e., all of the reporting 
requirements) in Criterion 12 that are not ARARs, the remaining substantive requirements, such 
as the mandatory site inspections, are relevant and appropriate. 
 
Section 7: ROD Cleanup Goals 
 
To be consistent with the CERCLA process, USACE established cleanup goals to ensure 
compliance with the cleanup standards contained in the ARARs for the Landfill OU.  As described 
above, 10 CFR Part 40, Appendix A, includes both performance standards and a mechanism to 
establish cleanup standards for various radionuclides present at the site. USACE evaluated the 
Criteria 10 CFR Part 40, Appendix A, Criterion 6(6), to develop cleanup criteria.  Based on the 
results of the USACE evaluation, the soil removal cleanup criteria for the Landfill OU would be to 
limit the residual radionuclide concentrations remaining in soils within a 100 m2 (1,076 square feet 
[ft2]) area to concentrations that shall not exceed 1 for the sum of ratios of these radionuclide 
concentrations to the associated concentration limits above background. 
 
Constituents of concern include Ra-226, Th-230, and Utotal. The ARARs related to the soil 
excavation portion of the remedial action are averaged over 100 m2 (1,076 ft2) resulting in the 
cleanup goals in Table 2. These goals were used to compare soil sample results in the 
confirmation sampling procedures for excavation.  
 

TABLE 2 – CLEANUP GOALS 

FUSRAP-Related 
Constituents of Concern 

 
Units 

 
Backgrounda 

Recreational Adult 
Surface Soil Goalb 

Recreational Adult 
Subsurface Soil Goalb 

Ra-226 pCi/g 0.95 5 15 

Th-230 pCi/g 0.92 14 42 

Utotal
c pCi/g 1.75 152 457 

U-238 as Utotal surrogate pCi/g 0.86 75 224 
 
a.  Average background values for the Landfill OU (Reference: Table 2-7 of the updated BRA 

[USACE 2012a]). 
b. The depth and area requirements as specified in 10 CFR Part 40 Criterion 6(6). Surface soil 

is defined as 0 – 15 centimeters (cm) (0–6 inches [in]) bgs. Subsurface soil is considered to 
be at depths greater than 15 cm (6 in) bgs. The cleanup goals must be achieved (on 
average) over a 100 square meter (m2) (1,076 square feet [ft2]) area and is limited to the 
top 1.5 m (5 ft) below ground surface. 

c. Utotal is a sum of the isotopes U-234, U-235, and U-238. 
 
 
Cleanup Goals for Radon Flux Sampling 
 
USACE estimated that the surface radon flux emission would be below 6 pCi/m2/s after targeted 
shallow removal and backfill of the excavations are complete.  This calculated radon flux, which 
would result from residual FUSRAP-related COCs remaining at a depth below 1.5 m (5 ft) bgs is 
below the 20 pCi/m2/s limit in 10 CFR Part 40, Appendix A, Criterion 6(1). 
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According to the ROD, USACE will complete radon flux monitoring of uncapped portions of the 
Landfill OU to verify residual radioactive material at depth (i.e., greater than 1.5 m [5 ft]) does not 
exceed the radon flux limit of 20 pCi/m2/s at the ground surface.  
 
Section 8: Radon Flux Parameters, Measurement, and Calculation  
 
Where applicable U.S. Environmental Protection Agency (EPA) National Emission Standards for 
Hazardous Air Pollutants (NESHAPS) 40 CFR Part 61, Appendix B, Method 115, referenced in 10 
CFR 40 Criterion 6 (2), will be used for confirmatory radon flux measurements.  Along with EPA 
1986, “Radon Flux Measurements on Gardinier and Royster Phosphogypsum Piles Near Tampa 
and Mulberry, Florida,” U.S. , EPA 520/5-85-029, January 1986, which is referenced in 40 CFR 
Part 61, Appendix B, Method 115, and MARSSIM.   
 
The following are parameters and conditions that must be met before a radon flux sampling event 
occurs.  
 
Radon Flux Parameters:  
 

1. Weather conditions, moisture content of the site soils covered by water existing at the time 
of the measurement should be chosen so as to provide measurements representative of 
the long term radon flux from the regions of the site. 

2. Measurements shall not be initiated within 24 hours of a rainfall. If a rainfall occurs during 
the 24 hour measurements period, the measurement is invalid if the seal around the lip of 
the collector has washed away or if the collector is surrounded by water.  

3. Measurements shall not be performed if the ambient temperature is below 35 °F or if the 
ground is frozen. 

4. Short-term measurements should not be initiated in the early morning time period. 
 
The radon flux measurements section includes an explanation of possible alternative 
measurements that may be incorporated into the sampling event. There may be instances where 
biased measurements need to be taken or sample locations need to be relocated due to hazards.  
 
Radon Flux Measurements:  
 

1. Measurements will be a single set of radon flux measurements representing a worst case 
scenario, i.e., during a “dry” season such as late spring or summer. If the result of the 
worst case scenario does not exceed 20 pCi/m2/s then the ROD radon flux requirement 
will be met and no further measurements for yearly variations will be necessary.  

2. Radon flux measurements should be made within each region on the site, except for those 
areas covered with water. For water covered areas, if any, no measurements are required 
as radon flux is assumed to be zero. 

3. Before removal/collection of each canister at the end of the measurement period, each 
canister will be measured while in place at the top center metal surface of the inverted 
canister (inverted canister having open side facing the ground surface for measurement) 
using a 2” x 2” NaI detector or equivalent method. This will be called the “Canister Surface 
Count Rate”. A ground surface measurement using the same gamma detector will also be 
taken after the canister is removed from the ground surface. Recent scientific information 
collected at Niagara Falls Storage Site, by a USACE Buffalo District Health Physicist, 
demonstrated a linear correlation (R2 = 0.96) between the canister net surface count rate 
and the actual radon flux results is demonstrated in Figures 7A and Figure 7B. 
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Figure 7A – Flux per Canister Count Rate at 24 hours 
 

 
 

 
Figure 7B – Flux per Canister Count Rate at 24 Hours <70 pCi/m2/s 

 

 
 

4. The mean radon flux for each region shall be the arithmetic mean of the mean radon flux 
measurements for each measurement period, i.e., the mean radon flux for each region 
shall be calculated by summing all individual flux measurements for the region and dividing 
by the total number of flux measurements for the region. 

5. Biased Measurements - Flux measurements will be taken at the surface above each of the 
eight excavated (MARSSIM Class 1) areas. Additional biased measurements may be 
taken on a judgmental basis. 

6. Regional Measurements - The distribution and number of radon flux measurements 
depend on defined, related areas, called regions of the site surface. Regions may have 
different radon fluxes due to surface conditions. Regions are determined and recorded by 
Global Positioning System (GPS) to allow each regional area to be estimated. The 
sampling/measurement locations in each region will be systematically (randomly) sited.   

7. Hotspots - The TRIAD approach will be used to estimate the area of localized areas of 
high flux based on judgmental analysis using canister surface count rates, or other suitable 
methods. The area of the hotspot will be estimated by one of or a combination of nearby 
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hand survey methods which may include the direct canister measurement, gamma 
walkover survey, or radon airborne concentration surveys using an Airthings “Corentium 
Pro,” or equivalent detector.  Additional judgmental measurements using charcoal 
canisters and including canister surface count rates may then be taken to help define the 
area of the hotspot. 

8. Additional Radon Flux Measurement Considerations 
a. For charcoal radon canister measurements in a large-area collector (for example, a 

25 cm canister or  a PVC end-pipe): 
i. The radon collector will be placed on the surface of the soil area to be 

measured and allowed to collect radon for a sufficient time period, for 
charcoal at least 24 hours.  

ii. The collector shall be carefully positioned on a flat surface with site soil 
used to seal the edge. 

iii. Grass and other objects that may interfere with the seal of the flux detector 
should be removed to a reasonable extent. 

iv. Measurement locations will be recorded and documented by GPS. 
v. The radon collected on the charcoal will be measured by gamma-ray 

spectroscopy using the Bi-214, 609 keV peak. The detailed measurement 
procedure provided in Appendix A of EPA 520/5-85-0029(1) may be used to 
measure the radon flux. 

b. If charcoal radon canister measurements are determined to not be adequate or if 
longer-term results are desired, “E-perm” used in conjunction with tubing/pipes as 
recommended in MARSSIM, or alpha track-etch detectors may be used. Specific 
procedures will be developed based on best practices and incorporating the 
applicable guidelines of this plan for charcoal radon canisters if a detector other 
than charcoal canisters is used. 

c. If systematic samples have been planned in areas where active use of the landfill 
interferes with detector measurement placement or the measurement quality, or if 
there are potential safety issues to USACE employees conducting the sampling 
then detectors may be relocated to other nearby areas within 50 ft or as reasonably 
close to the planned location while maintaining the required number of systematic 
locations for the region. 

 
Radon Flux Calculations: 
 
To estimate a statistically valid annual average radon flux for a region of the site, as applicable, 
the proper number of locations in the region must be measured. The number of measurements 
needed to define the annual average flux depends on the homogeneity of the soil and the desired 
precision of the estimate. Standard statistical techniques (Holloway 1981) can be used to estimate 
the number of samples needed to estimate an average for a given error limit and uncertainty. The 
formula used to estimate the number of samples is: 
 

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ≥
𝜏𝜏(𝑛𝑛)𝑠𝑠
𝑥𝑥 √𝑛𝑛

 

Where: 
𝜏𝜏(𝑛𝑛) is the student’s 𝜏𝜏 distribution 
𝑥𝑥 = measured mean of the radon flux from the region (pCi/m2/s) 
𝑠𝑠 = measured standard deviation of the radon flux from the region (pCi/m2/s) 
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = allowable error (expressed as a fraction) 
𝑛𝑛 = number of samples 
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1. For sample numbers greater than 30, τ(n) can be assumed to be 1.7. However, for sample 
numbers less than 30 where the student’s 𝜏𝜏 distribution is distinctly nonlinear the actual 
student’s 𝜏𝜏 distribution should be used.  

a. The above equation was used to estimate the error in the average radon flux for the 
Gardinier and Royster phosphogypsum piles (EPA 520/5-85-029, January 1986), 
which recommends using 30 initial measurements to estimate the number of locations 
required for the annual average radon flux (Figure 8). 

b. For the TLVP site, if the results of the initial 30 measurements meet the confidence 
and error goals for initial radon flux sampling, the data may be used for direct 
comparison to the ROD radon flux limit of 20 pCi/m2/s.  

2. To determine the number of sample locations in a heterogeneous landfill the error goal is set 
at approximately 30% at a confidence level of 90%. It is anticipated that the number of sample 
locations per region will be at least 30. 

3. Using the stated calculation, for the TLVP, 30 locations will be sampled in each region.   
 

Figure 8 – 90% Confidence Interval 

 
(Graph from EPA 1986) 

 
 
4. Calculation of Site Wide Radon Flux - The mean radon flux for the total site shall be calculated 

as follows: 
 

𝐽𝐽𝑠𝑠  =
𝐽𝐽1𝐴𝐴1 +. . . 𝐽𝐽2𝐴𝐴2. . . + 𝐽𝐽𝑖𝑖𝐴𝐴𝑖𝑖

𝐴𝐴𝑡𝑡
 

 
Where: 
Js = Mean flux for the total site (pCi/m2/s) 
Ji = Mean flux measured in region i (pCi/m2/s) 
Ai = Area of region i (m2) 
At = Total area of the site (m2) 
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Estimated Measurements for TLVP: 
 
Based on the development of three sampling regions at the TLVP site, radon flux sampling 
requirements, and calculations required, the number of canisters needed are at least 131. There 
will be 90 systematically placed canisters, 30 per region. Eight known biased and eight estimated 
biased canisters for the excavation areas that were remediated and 10 quality assurance 
canisters. Fifteen additional canisters will be available for detected hotspots during the sampling 
event.   
 
Section 9: Quality Assurance 
 
Quality Assurance methods will be used to establish confidence in using the data for project 
decision making. 
 

1. Sampling Procedures 
a. Records of field activities and laboratory measurements shall be maintained. The 

following information shall be recorded for each charcoal canister measurement: 
i. Site 
ii. Region, if designated 
iii. Sample location 
iv. Sample ID number 
v. Date and time on 
vi. Date and time off 
vii. Canister surface count rate at the time of collection 
viii. Observations of meteorological conditions and comments 
ix. Records shall include all applicable information associated with determining the 

sample measurement, calculations, observations, and comments. 
b. Sample Custody 

i. Custodial control of all charcoal samples exposed in the field should be 
maintained in accordance with chain-of-custody field procedures. 

ii. A control record should document all custody changes that occur between the 
field and laboratory personnel. 

  



U.S. Army Corps of Engineers – Buffalo District 
Tonawanda Landfill Vicinity Property – Tonawanda, NY 
Radon Sampling Plan 
 

___________________________________________________________________________ 
 
June 2020 Page 17 of 20  

 
2. The Estimated Minimum Detectable Flux (MDFs) for field measurements are listed in 

Table 3:  
 

TABLE 3 – Minimum Detectable Flux - DETECTION SENSITIVITY 

 
Detector 

Approximate 
Period of 

Measurement 
Estimated MDF 

(pCi/m2/s) 

Charcoal canister 24 hours 0.03 

Electret Ionization 
Chamber (EIC) 1 hour TBD 

Electret Ionization 
Chamber (EIC) 8 hours 0.24 

Alpha Track 1 month TBD 

Alpha Track 8 month TBD 

 
 

3. Background soils should be measured using the same type of detectors in at least two 
suitable locations for the duration of each period of measurement. 
 

4. At least one container of unexposed charcoal should be sent to the laboratory for analysis.  
 

5. Duplicate measurements in several locations for control purposes are recommended. 
 

6. Quality Assurance for Radon Flux Measurements for the Analysis Laboratory: 
a. The laboratory should be Department of Defense Environmental Laboratory 

Accreditation Program (DOD ELAP) accredited for gamma spectroscopy which 
performs radon analysis of charcoal canisters and/or radon measuring devices 
traceable to or having a current Device Performance Test (DPT) and therefore 
certified through the National Radon Proficiency Program (NRPP) should be used for 
analysis. A DPT requires that the measurement device be exposed to a known 
amount of radon gas in an NRPP-approved radon chamber facility.  If charcoal 
canisters are used the analysis laboratory shall have established and acceptable 
procedures and quality controls.  For example, this can include the use of standard 
charcoal sources, each containing a carefully determined quantity of radium-226 
uniformly distributed through the detector’s activated charcoal (typically 180 grams). 
An efficiency factor is computed by dividing the average measured radioactivity of 
the two standard charcoal sources, minus the background, in counts per minute 
(cpm) by the known radioactivity of the charcoal sources in disintegrations per minute 
(dpm). The same two standard charcoal sources shall be counted at the beginning 
and at the end of each day's counting as a check of the radioactivity counting 
equipment.  It can also include background count using unexposed charcoal made at 
the beginning and at the end of each counting day to check for inadvertent 
contamination of the detector or other changes affecting the background. The 
unexposed charcoal comprising the blank may be changed with each new batch of 
charcoal used. 
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b. Internal Quality Control Checks and Frequency of the charcoal from every tenth 
exposed canister shall be recounted. Five percent of the samples analyzed shall be 
either blanks (charcoal having no radioactivity added) or if laboratory procedures are 
already in place, samples spiked with known quantities of radium-226. 
 

c. Data Precision, Accuracy, and Completeness of the Laboratory: the precision, 
accuracy, and completeness of measurements and analyses should be within the 
following limits for samples measuring greater than 1.0 pCi/m2/s. 

i. Precision: 10% 
ii. Accuracy: ±10% 
iii. Completeness: at least 85% of the measurements must yield useable results. 
iv. The measurement results should be reviewed and data validated and 

appropriate qualifiers applied by the laboratory, if one is used. The USACE 
should also review this data. The measurement data may be reviewed for 
potential outliers (EPA 1986). 

 
Section 10: Reporting 
 
The results of individual flux measurements, the approximate locations on the site, and the mean 
radon flux for each region and the mean radon flux for the total site shall be included in a final 
radon flux report.  Any condition or unusual event that occurred during the measurements that 
could significantly affect the results should be reported. Photos of the general radon flux sampling 
event should be included in the final report. 
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ACRONYMS, ABBREVIATIONS, AND UNITS OF MEASURE 
 
ARAR  applicable or relevant and appropriate requirement  
bgs  below ground surface 
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CERCLA Comprehensive Environmental Response, Compensation, and Liability Act  
CFR  Code of Federal Regulations 
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Executive Summary 
 
Radon flux monitoring of uncapped portions of the Landfill Operable Unit (OU) described below 
verifies that after implementation of the remedy residual radioactive material remaining at depth 
(i.e., greater than 1.5 m [5 ft]) meets the weighted mean radon flux limit at the ground surface of 
the Town of Tonawanda Landfill Vicinity Property Landfill OU and meets the requirements of the 
record of decision (ROD).  
 
The weighted mean radon flux at the ground surface of the Town of Tonawanda Landfill Vicinity 
Property Landfill OU is 0.0433 picocuries per square meter per second (pCi/m2/s) which is less 
than the ROD radon flux limit radon flux limit of 20 pCi/m2/s. 
 
Since the contaminants remaining on-site at depth greater than 1.5 m [5 ft] are above levels that 
allow for unlimited use and unrestricted exposure, a statutory review should be conducted every 
five years to ensure the remedy remains protective of human health and the environment for the 
1,000-year period of performance. 
 
 
Section 1: Purpose 
 
This report documents the results and conclusions of the radon sampling for comparison to the 
requirements of the record of decision (ROD) for the remedy of the Landfill Operable Unit (OU) of 
the Tonawanda Landfill Vicinity Property (TLVP) in the Town of Tonawanda, Erie County, New 
York.  The Town of Tonawanda Landfill is a vicinity property to the Linde Formerly Utilized Sites 
Remedial Action Program (FUSRAP) Site. This project is authorized under FUSRAP, which was 
established in 1974 to identify, investigate, and, if necessary, clean up or control sites that were 
contaminated as a result of activities conducted in support of the Nation’s early atomic energy and 
weapons program. 
 
The ROD remedy, "targeted shallow removal and off-site disposal of FUSRAP-related material,” 
was chosen by USACE in accordance with the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), as amended, and the National Oil and Hazardous 
Substances Pollution Contingency Plan.  
 
The U.S. Army Corps Engineers (USACE) completed the excavation portion of the remedial action 
in the fall of 2019 and the restoration and seeding of the site was completed in the spring of 2020. 
This report documents the implementation of the Radon Sampling Plan for the Landfill Operable 
Unit of the Tonawanda Landfill Vicinity Property (RSP) (USACE 2020) used to conduct 
confirmatory testing to meet the requirements of the ROD. 
 
 
Section 2: Project Description 
 
The TLVP is located in the Town of Tonawanda, Erie County, New York.  It is approximately 
16 kilometers (km) (10 miles) north of downtown Buffalo, New York, and 2.4 km (1.5 mi) north of 
the Linde FUSRAP Site (Figure 1). In 1992, the U.S. Department of Energy (DOE) designated a 
portion of the Town of Tonawanda Landfill as a vicinity property to the Linde FUSRAP Site. The 
TLVP consists of two parcels owned by the Town of Tonawanda: the Landfill Operable Unit (OU), 
which houses the town’s inactive municipal solid waste landfill, and the Mudflats OU (Figure 2). In 
2008, USACE issued a no-action ROD for the Mudflats OU after it determined that risks from 
FUSRAP-related constituents of concern (COCs) in that OU were within acceptable limits 
established in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). 
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The Landfill OU comprises approximately 22 hectares (55 acres); it is zoned commercial/industrial. 
The site is located at the northern end of East Park Drive. Residential developments border the site 
to the north and northwest. There is a railroad line to the east and a parcel containing National Grid 
transmission lines to the south. The residential development to the north and northwest of the 
Landfill OU sits within the City of Tonawanda. 
 
 
Section 3: Site History 
 
In the early 1900s, the western portion of the town’s landfill property was the site of a quarry. The 
quarry was reportedly abandoned in the 1920s when operators encountered water at an 18-m 
(60 foot [ft}) depth. Waste disposal at the landfill by the Town of Tonawanda began during the 
1930s and continued through 1989. Landfill wastes disposed of in the former quarry included ash 
created by the town’s incinerators, construction/demolition debris, and yard refuse (leaves, 
branches, etc.) collected from town residents. The landfill occasionally accepted municipal solid 
waste and wastewater sludge from the Town of Tonawanda’s wastewater treatment plant when the 
incinerators were temporarily inoperable. 
 
In 1992, the DOE designated the landfill and mudflats together as a FUSRAP vicinity property.  
The designation was based on a radiological survey conducted in 1991 to determine whether 
FUSRAP-related material from the nearby Linde FUSRAP Site was in the Town of Tonawanda’s 
municipal solid waste landfill. 
 
In October 1997, Congress transferred overall responsibility for implementing FUSRAP from DOE 
to USACE and directed that FUSRAP remediation be conducted in accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). With this 
transfer, USACE assumed responsibility for a response, if necessary, at the Tonawanda Landfill 
Vicinity Property. 
 
Since that time, USACE completed a number of studies at the Tonawanda Landfill Vicinity 
Property. These included a human health risk assessment, a remedial investigation, and a 
proposed plan for the property (USACE 1999, 2005, and 2007). In 2008, USACE signed a no-
action ROD for the Mudflats OU portion of the TLVP after it determined that risks were within 
acceptable limits established in the NCP. The remainder of the USACE studies, which included a 
historical photo analysis, Phase 2 remedial investigation, updated baseline risk assessment, 
environmental monitoring, feasibility study (FS), and proposed plan (USACE 2009, 2011, 2012, 
2014, and 2015) focused on the Landfill OU. The locations of historical soil samples are shown in 
Figure 3. 
 
In 2007, the Town of Tonawanda began the process of closing the municipal solid waste landfill in 
accordance with Title 6 of the New York Code of Rules and Regulations (NYCRR). The Town of 
Tonawanda undertook this action under New York State Department of Environmental 
Conservation (NYSDEC) oversight. The Town of Tonawanda installed a cap over the 10-hectare 
(25-acre) eastern portion of the solid waste municipal landfill in 2011. In 2013, the Town of 
Tonawanda began constructing the final cap over the western portion of the solid waste municipal 
landfill, but halted the work until USACE completed implementation of the selected remedy. 
 
In 2019, USACE implemented and completed the excavation and disposal portion of the chosen 
remedial action of “targeted shallow removal and off-site disposal of FUSRAP-related material.” 
Final site restoration and seeding was completed in May 2020. 
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Section 4: Description of Remedial Action 
 
Various historical material sampling efforts identified soils in the Landfill OU with elevated levels of 
the FUSRAP COCs: radium-226 (Ra-226), thorium-230 (Th-230) and total uranium (Utotal). 
Maximum detected concentrations included 3,485 picocuries per gram (pCi/g) for Ra-226, 
4,300 pCi/g for Th-230, and 2,048 pCi/g for uranium-238 (U-238). Soils with elevated FUSRAP 
constituents were generally confined to an area in the northwestern portion of the Landfill OU, near 
the center of and roughly paralleling the northwestern fence line separating the Landfill OU from 
the adjacent residential properties. The highest levels were generally detected 0.6 m (2 ft) or more 
below ground surface (bgs), with elevated levels detected as deep as 7.6 m (25 ft) bgs.  
 
The ROD remedy for the Landfill OU, “Targeted Shallow Removal and Off-Site Disposal of 
FUSRAP-Related Material,” is the targeted shallow removal of impacted soil above cleanup goals 
within the first 1.5 m (5 ft) bgs and confirmatory sampling within the sidewalls of the excavation to 
ensure that the lateral extent of the FUSRAP-related COCs complies with the Criterion 6(6)-based 
remediation goals within the first 1.5 m (5 ft) bgs. Contaminated soils were disposed at a permitted 
off-site disposal facility, US Ecology, Belleville, Michigan (Construction Completion Report for Soil 
Remediation Landfill Operable Unit Tonawanda Landfill Vicinity Property Erie County, New York 
[June 2020]). Removing radiologically contaminated soil exceeding cleanup goals within the 
first 1.5 m (5 ft) bgs limits exposure risk to contaminated soil to within acceptable levels, removes 
the contaminated soils that could potentially be exposed in the future via erosion, and limits 
potential exposure to residual FUSRAP material below a depth of 1.5 m (5 ft) bgs. 
 
Excavation, backfilling, restoration, and seeding were completed as documented in the 
Construction Completion Report for Soil Remediation Landfill Operable Unit Tonawanda Landfill 
Vicinity Property Erie County, New York (June 2020). Next, USACE implemented radon flux 
monitoring.  Radon flux monitoring of uncapped portions of the Landfill OU was implemented in 
order to verify residual radioactive material at depth (i.e., greater than 1.5 m [5 ft]) meets the radon 
flux limit of 20 pCi/m2/s at the ground surface in accordance with the RSP. As seen in Figure 4, the 
eastern part of the landfill has been closed and capped by the Town of Tonawanda and was not 
included in the radon flux sampling. During the radon flux monitoring, some areas of the landfill 
were in active use by the Town of Tonawanda and/or presented a potential hazard to workers 
taking measurements. Large machinery traffic and active soil movement activities in bioremediation 
areas also jeopardized sampling equipment. These areas were deemed inaccessible and are 
indicated on Figure 5. Accessible areas that were established for regional measurements are 
identified as Regions 1, 2 and 3, shaded green, blue and yellow, respectively in Figures 6, 9, and 
10. The regions were chosen based on historical sampling concentrations sum of the ratios (SOR) 
of the radionuclides of concern (ROCs) at any depth in site residuals after excavation. The SOR 
criteria used to establish the regional dimensions for residual soil contamination radon flux 
sampling after excavation were SOR > 1, SOR 0.5 – 1.0, and SOR <0.5 as shown in Figure 4.  The 
areas of the regions and the excavated areas are provided in Table 1. 
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Table 1 – Landfill OU Excavation and Regional Areas 
Location Area (m2) 

Excavation A 44 

Excavation B 63 

Excavation C 120 

Excavation D 723 

Excavation E 185 

Excavation F 41 

Excavation G 217 

Excavation H 194 

Region 1 12061 

Region 2 21286 

Region 3 21635 
 
The remedial action resulted in eight individual areas, lettered A through H, excavated down to 
1.5  m (5 ft) bgs. The walls of the excavations were surveyed during remedial survey and 
contamination above residual criteria, SOR > 1, was excavated and disposed. 
 
Since hazardous substances, pollutants, or contaminants remaining on-site at a depths greater 
than five feet are above levels that allow for unlimited use and unrestricted exposure, a statutory 
review will be conducted every five years after initiating the selected remedial action to ensure the 
remedy will remain protective of human health and the environment for the 1,000-year period of 
performance. 
 
 
Section 5: Federal Applicable or Relevant and Appropriate Requirements (ARAR) 
 
Section 121(d)(1) of CERCLA requires that upon completion, remedial actions achieve a level or 
standard of control that at least attains legally applicable or relevant and appropriate standards, 
requirements, criteria, or limitations promulgated under federal environmental law. 
 
As indicated in the ROD, the Nuclear Regulatory Commission (NRC) regulation 10 CFR Part 40, 
Appendix A, that establishes technical, financial, ownership, and long-term site surveillance criteria 
that relates to  siting, operation, decontamination, decommissioning, and reclamation of licensed 
uranium and thorium mills, and tailings is relevant and appropriate to the remedial action. These 
applicable or relevant and appropriate requirements (ARARs) are listed in Table 2.The regulation 
contains some substantive criteria pertaining to the radionuclides found at the site (radium, 
thorium, and to a lesser extent uranium) which are similar in nature to tailings or wastes produced 
by the extraction of source material from ores primarily for their source content (uranium 
processing activities).  
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Table 2 - ARARs for the Landfill OU 
ARAR Description 

 
10 CFR Part 40, Appendix A 

Relating to the Operation of Uranium Mills and the 
Disposition of Tailings or Wastes Produced by the 
Extraction or Concentration of Source Material from Ores 
Processed Primarily for Their Source Material Content. 

10 CFR Part 40, Appendix A 
Criterion 6(6) Closure of Waste Disposal Areas 

10 CFR Part 40, Appendix A 
Criterion 12 Long-Term Site Surveillance 

 
10 CFR Part 40, Appendix A, Criterion 6:   
 
Criterion 6(6) establishes residual soil concentration requirements for radium in surface and 
subsurface soil unless the radon flux limit of 20 pCi/m2/s in Criterion 6(1) is met. The design 
requirements in Criterion 6 for longevity and control of radon releases (i.e., radon flux limit of 
20 pCi/m2/s in Criterion 6[1]) apply to any portion of a licensed and/or disposal site unless the 
portion contains a concentration of radium in land, averaged over areas of 100 square meters 
(1076.4 square ft), which, as a result of byproduct material, does not exceed the background level 
by more than: (i) 5 picocuries per gram (pCi/g) Ra-226, averaged over the first 15 centimeters (cm) 
(6-in) below the surface, and (ii) 15 pCi/g of Ra-226, averaged over 15-cm (6-in) thick layers more 
than 15-cm (6-in) below the surface. 
 
Criterion 6(6) also identifies benchmark dose requirements used to develop the cleanup goals for 
addressing radionuclides other than radium so that byproduct material containing concentrations of 
radionuclides other than radium in soil, and surface activity on remaining structures, must not result 
in a total effective dose equivalent (TEDE) exceeding the dose from cleanup of radium 
contaminated soil to the above standard (benchmark dose), and must be at levels which are as low 
as is reasonably achievable. 
 
Criterion 6(1) is not an ARAR since the selected remedy does not propose the design and 
construction of a cover to reduce gamma radiation and radon emissions to ensure the 
protectiveness of the remedy. However, since residual radioactive material will remain above the 
15 pCi/g Ra-226 cleanup goal in soil greater than 1.5 m (5 ft) in depth, upon completion of the 
remedial action the radon flux limit in Criterion 6(1) is used to demonstrate compliance with 
Criterion 6(6). 
 
Criterion 6(1) establishes performance criteria for covers to be placed over tailings or wastes at the 
end of milling operations. Criterion 6(1) requires waste disposal areas to be closed with a design 
which provides reasonable assurance of control of radiological hazards to: 
 

1. Be effective for 1,000-years, to the extent reasonably achievable, and, in any case, for at 
least 200 years. 

2. Limit releases of radon-222 from uranium byproduct materials, and radon-220 from thorium 
byproduct materials, to the atmosphere so as not to exceed an average release rate of 20 
picocuries per square meter per second (pCi/m2/s) to the extent practicable throughout the 
effective design life.  

3. In addition, the 10 CFR 40, Appendix A, Criterion 6 footnotes include: 
a. Monitoring for radon emissions from thorium byproduct materials after installation of 

an appropriately designed cover is not required. 
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b. This average applies to the entire surface of each disposal area over a period of at 
least one year, but a less than 100 years. Radon will come from both byproduct 
materials and from covering materials. Radon emissions from  
cover materials should be estimated as part of developing a closure plan for each site.  

 
10 CFR Part 40, Appendix A, Criterion 12:  Criterion 12 mandates that the final disposition of 
tailings, residual radioactive material, or wastes at milling sites should be such that ongoing active 
maintenance is not necessary to preserve isolation. The substantive provisions require annual 
inspections of closed disposal sites to verify that controls continue to be protective. Periodic 
inspections are an important component of institutional controls and are considered appropriate.  
Although there are some administrative requirements (i.e., all of the reporting requirements) in 
Criterion 12 that are not ARARs, the remaining substantive requirements, such as the mandatory 
site inspections, are relevant and appropriate. 
 
 
Section 6: ROD Cleanup Goals 
 
To be consistent with the CERCLA process, USACE established cleanup goals to ensure 
compliance with the cleanup standards contained in the ARARs for the Landfill OU.  As described 
above, 10 CFR Part 40, Appendix A, includes both performance standards and a mechanism to 
establish cleanup standards for various radionuclides present at the site. The USACE evaluated 
the Criteria 10 CFR Part 40, Appendix A, Criterion 6(6), to develop cleanup criteria.  Based on the 
results of the USACE evaluation, the soil removal cleanup criteria for the Landfill OU would be to 
limit the residual radionuclide concentrations remaining in soils within a 100 m2 (1,076 square feet 
[ft2]) area to concentrations that shall not exceed 1 for the sum of ratios of these radionuclide 
concentrations to the associated concentration limits above background. 
 
Constituents of concern include Ra-226, Th-230, and Utotal. The ARARs related to the soil 
excavation portion of the remedial action are averaged over 100 m2 (1,076 ft2) resulting in the 
cleanup goals in Table 3. These goals were used to compare soil sample results in the confirmation 
sampling procedures for excavation.  
 

Table 3 – Landfill Operable Unit Cleanup Goals 

FUSRAP-Related 
Constituents of Concern Units Backgrounda 

Recreational Adult 
Surface Soil Goalb 

Recreational Adult 
Subsurface Soil Goalb 

Ra-226 pCi/g 0.95 5 15 
Th-230 pCi/g 0.92 14 42 
Utotal

c pCi/g 1.75 152 457 

U-238 as Utotal surrogate pCi/g 0.86 75 224 
Notes: 
a.  Average background values for the Landfill OU (Reference: Table 2-7 of the updated BRA [USACE 

2012a]). 
b. The depth and area requirements as specified in 10 CFR Part 40 Criterion 6(6). Surface soil is defined 

as 0–15 centimeters (cm) (0–6 inches [in]) bgs. Subsurface soil is considered to be at depths greater 
than 15 cm (6 in) bgs. The cleanup goals must be achieved (on average) over a 100 square meter 
(m2) (1,076 square feet [ft2]) area and is limited to the top 1.5 m (5 ft) below ground surface. 

c. Utotal is a sum of the isotopes U-234, U-235, and U-238. 
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Cleanup Goals for Radon Flux Sampling 
 
USACE estimated that the surface radon flux emission would be below 6 pCi/m2/s after targeted 
shallow removal and backfill of the excavations is complete. This calculated radon flux, which 
would result from residual FUSRAP-related COCs remaining at a depth below 1.5 m (5 ft) bgs is 
below the 20 pCi/m2/s limit in 10 CFR Part 40, Appendix A, Criterion 6(1). 
 
In accordance with the ROD, USACE completed radon flux monitoring of uncapped portions of the 
Landfill OU to verify residual radioactive material at depth (i.e., greater than 1.5 m [5 ft]) does not 
exceed the radon flux limit of 20 pCi/m2/s at the ground surface.  
 
 
Section 7: Implementation of the “Radon Sampling Plan for the Landfill Operable Unit of the 
Tonawanda Landfill Vicinity Property” 
 
Preliminary Preparations 
 
Sampling locations were systematically plotted and marked several weeks in advance of the actual 
sampling using GPS measurements, labeled white flags and white painting of the ground surface. 
GPS measurements were recorded at each location. Charcoal canisters were obtained from 
Eberline Labs.  
 
Preliminary Measurements 
 
Preliminary measurements were conducted with charcoal canister radon detectors starting on 
June 11, 2020, to gain experience with radon flux sampling at the landfill. Charcoal canister radon 
detectors were placed at five sampling locations in accordance with the methodology of the RSP. 
The weather was moderate and a brief and light sprinkling of rain may have occurred during the 
measurement period. These radon detectors were removed on June 12, 2020, approximately 
24 hours after placement. There was a slight visual indication of moist surface soil under some of 
the removed canisters. A background blank, unused canister was also sent to the lab for analysis. 
Canister surface count rates were indistinguishable from ground surfaces count rates and 
measured fluxes were very low. 
 
Placement of the Canisters for Final Status Survey 
 
Charcoal canister radon detectors were placed on July 6, 2020. Ninety planned systematic 
locations, 30 locations in each of the three regions of the site, eight additional biased locations, one 
in each of Excavated Areas A through H, and 16 quality control duplicates were placed. Several 
planned systematic locations required nearby relocation for safety or efficacy reasons in 
accordance with the RSP. Biased location canisters were placed at the ground surface in the 
center of Excavation areas A through H. A soil seal was created around the placed canisters. 
Grass and other objects that may have interfered with the seal of the flux detector were removed to 
a reasonable extent. Tamper detection in the form of a paper slip inserted between a weight used 
to suppress the top of each canister and the inverted canister raised surface was used. The 
weather was dry and hot for several days prior to placement in planned locations and the surface 
soil was dry and void of signs of moisture or wetness for placement. 
 
Collection of the Canisters 
 
The summer weather remained dry and very hot during placement and the landfill surface soil was 
dry and void of any signs of moisture or wetness in all sampling locations, fulfilling the RSP “worst 
case scenario.” The charcoal canister radon detectors were collected on July 7, 2020, 
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approximately 24 hours after placement. Before removal of the charcoal canisters a TRIAD gamma 
survey or canister surface count rate (CSCR) measurement was performed by taking gamma 
measurements of the canister while in place on the ground and the ground surface using a 2” x 2” 
NaI detector. The purpose of these field surveys was to discover any potential hotspots in need of 
further analysis to define the size of the hotspot area while in the field. The results of the radon flux 
sampling for this FSS, the CSCRs and surface soil measurements were generally indistinguishable 
from each other and are presented in the “Comprehensive Data Table,” Table 10. Therefore, no 
hotspot areas were identified by field gamma surveys and no additional investigation of potential 
hotspot areas was performed. Some limited areas of the site were water covered. Areas covered 
by water were not measured. No indications of tampering were observed on any of the collected 
detectors. A single detector, Location ID R3-21, Canister # 91, however, may have been lost due 
to placement error or vandalism because it was verified not to be present at the time of canister 
collection and in a subsequent search of the landfill. Region 3 therefore has only 29 canister 
locations. 
 
Measurement and Analysis Methods and Data 
 
The systematic data for the three regions are found in Tables 4, 5, and 6. The biased sample data 
from measurements taken above each of the eight excavated (MARSSIM Class 1) areas is 
presented in Table 7. No additional biased measurements were taken based on TRIAD or in-field 
observations. The resulting mean radon flux and statistical analysis for each region and the site are 
found in Table 8. Background data is listed in Table 9. The results of the duplicate measurements 
are listed in Table 10. QA sample blanks data is listed in Table 11. 
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Table 4 - Region 1 Systematic Data 

Canister Region/Area Sample Location Northing Easting Flux Uncertainty MDA 

#   Type ID     pCi/m2/s pCi/m2/s pCi/m2/s 

31 Region 1 Systematic R1-1 1092880.54 1064948.385 0.0339 0.0081 0.0161 

32 Region 1 Systematic R1-2 1092912.65 1065017.249 0.1024 0.0161 0.0492 

3 Region 1 Systematic R1-3 1092944.76 1065086.114 0.0346 0.0072 0.0070 

4 Region 1 Systematic R1-4 1092976.88 1065154.978 0.0786 0.0172 0.0145 

5 Region 1 Systematic R1-5 1093008.99 1065223.843 0.0262 0.0171 0.0633 

36 Region 1 Systematic R1-6 1093041.1 1065292.707 0.0124 0.0130 0.0363 

104 Region 1 Systematic R1-7 1093073.21 1065361.572 0.0189 0.0097 0.0410 

39 Region 1 Systematic R1-8 1093105.32 1065430.436 0.0138 0.0167 0.0480 

35 Region 1 Systematic R1-9 1093137.44 1065499.301 0.0449 0.0086 0.0135 

103 Region 1 Systematic R1-10 1093093.85 1065561.543 0.0074 0.0159 0.0416 

11 Region 1 Systematic R1-11 1093061.74 1065492.678 0.0613 0.0102 0.0114 

12 Region 1 Systematic R1-12 1093029.63 1065423.814 0.0093 0.0233 0.0898 

13 Region 1 Systematic R1-13 1092997.52 1065354.949 0.0081 0.0095 0.0327 

14 Region 1 Systematic R1-14 1092947.49 1065303.652 0.0418 0.0094 0.0291 

15 Region 1 Systematic R1-15 1092933.29 1065217.22 0.0227 0.0203 0.0993 

16 Region 1 Systematic R1-16 1092901.18 1065148.356 0.0350 0.0089 0.0453 

17 Region 1 Systematic R1-17 1092869.07 1065079.491 0.0175 0.0125 0.0448 

18 Region 1 Systematic R1-18 1092836.96 1065010.627 0.0194 0.0117 0.0505 

19 Region 1 Systematic R1-19 1092825.49 1065141.734 0.0937 0.0216 0.0684 

90 Region 1 Systematic R1-20 1092857.6 1065210.598 0.0147 0.0144 0.0412 

21 Region 1 Systematic R1-21 1092889.71 1065279.463 0.0596 0.0100 0.0114 

22 Region 1 Systematic R1-22 1092921.82 1065348.327 0.0654 0.0239 0.0714 

23 Region 1 Systematic R1-23 1092953.94 1065417.192 0.0242 0.0066 0.0129 

24 Region 1 Systematic R1-24 1092986.05 1065486.056 0.0060 0.0133 0.0524 

25 Region 1 Systematic R1-25 1092988.67 1065571.272 0.0376 0.0084 0.0285 

26 Region 1 Systematic R1-26 1093015.34 1065630.015 0.0661 0.0189 0.0223 

27 Region 1 Systematic R1-27 1092974.58 1065617.163 0.0962 0.0137 0.0158 

28 Region 1 Systematic R1-28 1092942.47 1065548.298 0.0796 0.0147 0.0399 

29 Region 1 Systematic R1-29 1092910.35 1065479.434 0.0211 0.0083 0.0285 

30 Region 1 Systematic R1-30 1093169.55 1065568.165 0.0770 0.0183 0.0538 
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Table 5 - Region 2 Systematic Data 

Canister Region/Area Sample Location Northing Easting Flux Uncertainty MDA 

#    Type ID     pCi/m2/s pCi/m2/s pCi/m2/s 

41 Region 2 Systematic R2-1 1093195.56 1065644.816 -0.0011 0.0145 0.0354 

42 Region 2 Systematic R2-2 1093236.94 1065731.566 0.0330 0.0120 0.0358 

43 Region 2 Systematic R2-3 1093278.31 1065818.316 0.0339 0.0172 0.0941 

44 Region 2 Systematic R2-4 1093319.69 1065905.065 0.1043 0.0145 0.0134 

45 Region 2 Systematic R2-5 1093361.07 1065991.815 0.0433 0.0104 0.0246 

46 Region 2 Systematic R2-6 1093402.45 1066078.565 0.1059 0.0143 0.0162 

47 Region 2 Systematic R2-7 1093443.82 1066165.314 0.0730 0.0131 0.0243 

48 Region 2 Systematic R2-8 1093485.2 1066252.064 0.0180 0.0124 0.0566 

49 Region 2 Systematic R2-9 1093526.58 1066338.814 0.0579 0.0167 0.0153 

50 Region 2 Systematic R2-10 1093567.96 1066425.564 0.0904 0.0147 0.0527 

51 Region 2 Systematic R2-11 1093609.33 1066512.313 0.0847 0.0138 0.0172 

52 Region 2 Systematic R2-12 1093532.15 1066609.258 0.0330 0.0093 0.0458 

53 Region 2 Systematic R2-13 1093099.74 1065637.275 0.1158 0.0235 0.0234 

54 Region 2 Systematic R2-14 1093141.12 1065724.025 0.0299 0.0077 0.0170 

55 Region 2 Systematic R2-15 1093182.5 1065810.775 0.0352 0.0215 0.0525 

56 Region 2 Systematic R2-16 1093222.39 1065899.83 0.0736 0.0214 0.0805 

57 Region 2 Systematic R2-17 1093293.69 1065984.393 0.0350 0.0082 0.0316 

58 Region 2 Systematic R2-18 1093306.63 1066071.024 0.0536 0.0106 0.0177 

59 Region 2 Systematic R2-19 1093348.01 1066157.774 0.0282 0.0109 0.0605 

60 Region 2 Systematic R2-20 1093400.85 1066275.272 0.1400 0.0257 0.0896 

61 Region 2 Systematic R2-21 1093389.34 1066332.743 0.0308 0.0153 0.0673 

62 Region 2 Systematic R2-22 1093428 1066439.06 0.0452 0.0091 0.0076 

63 Region 2 Systematic R2-23 1093507.74 1066523.426 0.0755 0.0136 0.0361 

64 Region 2 Systematic R2-24 1093527.91 1066566.121 0.0459 0.0110 0.0337 

65 Region 2 Systematic R2-25 1093045.3 1065716.484 0.0216 0.0139 0.0396 

66 Region 2 Systematic R2-26 1093086.68 1065803.234 0.0284 0.0257 0.1140 

67 Region 2 Systematic R2-27 1093128.06 1065889.984 0.0228 0.0058 0.0134 

68 Region 2 Systematic R2-28 1093169.44 1065976.733 0.0765 0.0124 0.0172 

69 Region 2 Systematic R2-29 1093210.81 1066063.483 0.0091 0.0207 0.0512 

70 Region 2 Systematic R2-30 1093272.68 1066144.968 0.0246 0.0103 0.0494 
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Table 6 - Region 3 Systematic Data 

Canister Region/Area Sample Location Northing Easting Flux Uncertainty MDA 

#    Type ID     pCi/m2/s pCi/m2/s pCi/m2/s 

71 Region 3 Systematic R3-1 1092515.69 1064283.671 0.0757 0.0124 0.0075 

72 Region 3 Systematic R3-2 1092552.45 1064265.672 0.1030 0.0223 0.0652 

73 Region 3 Systematic R3-3 1092592.25 1064349.105 0.0529 0.0099 0.0268 

74 Region 3 Systematic R3-4 1092632.04 1064432.538 0.1006 0.0140 0.0075 

75 Region 3 Systematic R3-5 1092671.84 1064515.971 0.0541 0.0167 0.0760 

76 Region 3 Systematic R3-6 1092711.63 1064599.405 0.0753 0.0120 0.0163 

77 Region 3 Systematic R3-7 1092751.43 1064682.838 0.0643 0.0126 0.0133 

78 Region 3 Systematic R3-8 1092791.22 1064766.271 0.0825 0.0120 0.0074 

79 Region 3 Systematic R3-9 1092831.02 1064849.704 0.0695 0.0343 0.1203 

80 Region 3 Systematic R3-10 1092778.66 1064925.885 0.0107 0.0153 0.0522 

81 Region 3 Systematic R3-11 1092738.87 1064842.451 0.0265 0.0165 0.0453 

82 Region 3 Systematic R3-12 1092658.51 1064771.668 0.0409 0.0238 0.0787 

83 Region 3 Systematic R3-13 1092643.99 1064724.335 0.0326 0.0119 0.0554 

84 Region 3 Systematic R3-14 1092539.89 1064425.286 0.0280 0.0076 0.0116 

85 Region 3 Systematic R3-15 1092527.33 1064584.899 0.0727 0.0187 0.0227 

86 Region 3 Systematic R3-16 1092567.12 1064668.332 0.0148 0.0164 0.0398 

87 Region 3 Systematic R3-17 1092606.92 1064751.766 0.0417 0.0095 0.0171 

88 Region 3 Systematic R3-18 1092646.71 1064835.199 0.0161 0.0082 0.0458 

89 Region 3 Systematic R3-19 1092686.51 1064918.632 -0.0083 0.0250 0.0610 

20 Region 3 Systematic R3-20 1092726.3 1065002.065 0.0212 0.0057 0.0154 

91* Region 3 Systematic R3-21 1092783.88 1065061.396 N/A  N/A  N/A  

92 Region 3 Systematic R3-22 1092805.89 1065168.932 0.0256 0.0068 0.0158 

93 Region 3 Systematic R3-23 1092829.3 1065625.022 0.0020 0.0172 0.0402 

94 Region 3 Systematic R3-24 1092802.83 1065555.784 -0.0020 0.0118 0.0385 

95 Region 3 Systematic R3-25 1092766.71 1065440.642 0.0054 0.0176 0.0755 

96 Region 3 Systematic R3-26 1092746.08 1065368.465 0.0316 0.0175 0.0368 

97 Region 3 Systematic R3-27 1092727.93 1065267.333 0.0160 0.0081 0.0458 

98 Region 3 Systematic R3-28 1092711.03 1065173.985 0.0083 0.0059 0.0385 

99 Region 3 Systematic R3-29 1092700.76 1065086.241 -0.0200 0.0262 0.0798 

100 Region 3 Systematic R3-30 1092648.42 1064944.34 0.0190 0.0070 0.0160 
*Canister not recovered. 
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Table 7 – Biased Data in Landfill OU Excavated Areas 
Canister Region/Area Sample Location Northing Easting Flux Uncertainty MDA 

#    Type ID     pCi/m2/s pCi/m2/s pCi/m2/s 

33 Excavation A Biased B-A1 1092969.02 1065361.198 0.006 0.015 0.038 

34 Excavation B Biased B-B1 1092992.99 1065398.877 0.023 0.007 0.010 

38 Excavation C Biased B-C1 1092971.98 1065478.353 0.017 0.018 0.048 

6 Excavation D Biased B-D1 1093106.69 1065753.768 0.024 0.009 0.042 

7 Excavation E Biased B-E1 1093156.85 1065826.753 0.020 0.008 0.045 

8 Excavation F Biased B-F1 1093107.59 1065885.396 -0.006 0.038 0.075 

9 Excavation G Biased B-G1 1093244.19 1065918.41 0.008 0.010 0.035 

10 Excavation H Biased B-H1 1093363.72 1066158.555 0.024 0.007 0.024 
 
Radon Flux Calculations 
 
The mean radon flux for each region is the arithmetic mean of the mean radon flux measurements 
for each measurement period, i.e., the mean radon flux for each region is calculated by summing 
all individual flux measurements for the region and dividing by the total number of flux 
measurements for the region. The number of measurements needed to define the annual average 
flux depends on factors including the desired precision of the estimate. Standard statistical 
techniques (Holloway 1981) were used to estimate the number of samples needed to estimate an 
average for a given error limit and uncertainty. The formula used to estimate the number of 
samples is: 
 

𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ≥
𝜏𝜏(𝑛𝑛)𝑠𝑠
𝑥𝑥 √𝑛𝑛

 

Where: 
𝜏𝜏(𝑛𝑛) is the student’s 𝜏𝜏 distribution 
𝑥𝑥 = measured mean of the radon flux from the region (pCi/m2/s) 
𝑠𝑠 = measured standard deviation of the radon flux from the region (pCi/m2/s) 
𝑒𝑒𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = allowable error (expressed as a fraction) 
𝑛𝑛 = number of samples 
 
The above equation was used to estimate the error in the average radon flux for the Gardinier and 
Royster phosphogypsum piles (EPA 520/5-85-029, January 1986) below, which recommends 
using 30 initial measurements to estimate the number of locations required for the annual average 
radon flux (Figure 7). For the TLVP Landfill OU, 30 sampling locations were planned for each. 
Since the results of the initial measurements meet the confidence and error goals of the RSP, 30% 
error at a confidence level of 90%, for the radon flux sampling the data for each region 1 through 3, 
0.224, 0.204. and 0.283 error respectively and as shown in Table 8, may be used for direct 
comparison to the ROD radon flux limit of 20 pCi/m2/s. The site-wide error at 90% confidence is 
0.132. The weighted mean radon flux of the TLVP is 0.0433 pCi/m2/s. 
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Figure 7 – 90% Confidence Interval 

(Graph from EPA 1986) 
 
 

The mean radon flux for the total site (site-wide radon flux) is calculated as follows: 
 

𝐽𝐽𝑠𝑠  =
𝐽𝐽1𝐴𝐴1 +. . . 𝐽𝐽2𝐴𝐴2. . . + 𝐽𝐽𝑖𝑖𝐴𝐴𝑖𝑖

𝐴𝐴𝑡𝑡
 

 
Where: 
Js = Mean flux for the total site (pCi/m2/s) 
Ji = Mean flux measured in region i (pCi/m2/s) 
Ai = Area of region i (m2) 
At = Total area of the site (m2) 
 

Table 8 - Statistics of Regional Systematic Sampling and Site-Wide 
Arithmetic Average Results at 90% Confidence 

Area Mean Flux Standard 
Deviation Minimum Maximum Number of 

Samples Error 

 pCi/m2/s pCi/m2/s pCi/m2/s pCi/m2/s   

Region 1 0.0410 0.0296 0.0060 0.1024 30 0.224 
Region 2 0.0523 0.0344 -0.0011 0.1400 30 0.204 
Region 3 0.0366 0.0327 -0.0200 0.1030 29 0.283 

Site-wide (R1 + R2 + R3) 0.0433 0.0326 -0.0200 0.1400 89 0.132 
 
Background soils were measured in two suitable locations near the parking area for the duration of 
the period of measurement. The results are presented in Table 9. 
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Table 9 - Background Area Data 
Canister Region/Area Sample Location Northing Easting Flux Uncertainty MDA 

#  Type ID   pCi/m2/s pCi/m2/s pCi/m2/s 

1 Background Biased Bkgd-1 1091942.17 1064959.65 0.0779 0.0124 0.0168 
2 Background Biased Bkgd-2 1091909.28 1064958.78 0.1661 0.0217 0.0539 

 
CSCRs 
 
As documented in the RSP, scientific information collected at Niagara Falls Storage Site, 
demonstrated a linear correlation (R2 = 0.96) between the canister net surface count rate and the 
actual radon flux results. This correlation is demonstrated in Figures 8A and Figure 8B. The 
CSCRs and ground data measurements for Tonawanda Landfill are listed in Attachment 3 - 
Supplemental Tables in Table 10.  
 

Figure 8A – Flux per Canister Count Rate at 24 hours 
 

 
 

Figure 8B – Flux per Canister Count Rate at 24 Hours <70 pCi/m2/s 
 

 
Conclusions 
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Statistical measurement parameters for error and confidence in the RSP were met. In the 
theoretical “worst case scenario” described in the RSP the site-wide weighted mean radon flux and 
each individual biased sample result does not exceed 20 pCi/m2/s. The ROD radon flux 
requirement is met and no further measurements for temporal variations are necessary.  
 
 
Section 8: Quality Assurance 
 
Sixteen duplicate measurements and seven sample blank results are presented in Table 11 and 
Table 12, respectively. The analysis laboratory data was verified by USACE this data is in 
Attachment 3 - Supplemental Tables in Table 13, and were acceptable for precision, accuracy, and 
completeness of measurements. The measurement results were reviewed, and appropriate 
qualifiers applied. No sample results were greater than 1.0 pCi/m2/s. There were no measurement 
data outliers. The data were verified and assigned appropriate qualifiers. No data was disqualified. 
Sample chain-of-custody for all collected samples was maintained. 
 

Table 11 – Results of Duplicate Measurements 
Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 

          pCi/m2/s pCi/m2/s pCi/m2/s 

Excavation B Duplicate B-H1-DUP 1093363.715 1066158.555 0.0289 0.0146 0.0314 

Region 1 Duplicate R1-8-D 1093105.325 1065430.436 0.0760 0.0299 0.1037 

Region 1 Duplicate R1-20-DUP 1092857.6 1065210.598 0.0290 0.0102 0.0321 

Region 1 Duplicate R1-30-DUP 1093169.549 1065568.165 0.0940 0.0185 0.0221 

Region 2 Duplicate R2-10-DUP 1093567.956 1066425.564 0.1000 0.0143 0.0361 

Region 2 Duplicate R2-14-D 1093141.12 1065724.025 0.0190 0.0148 0.0414 

Region 2 Duplicate R2-14-D-DUP 1093141.12 1065724.025 0.0250 0.0066 0.0119 

Region 2 Duplicate R2-19-D 1093348.008 1066157.774 0.0320 0.0242 0.0631 

Region 2 Duplicate R2-20-DUP 1093400.853 1066275.272 0.1190 0.0257 0.1043 

Region 2 Duplicate R2-28-D 1093169.436 1065976.733 -0.0090 0.0108 0.0445 

Region 2 Duplicate R2-30-DUP 1093272.676 1066144.968 0.0330 0.0081 0.0170 

Region 3 Duplicate R3-7-D 1092751.427 1064682.838 0.0650 0.0130 0.0438 

Region 3 Duplicate R3-7-D-DUP 1092751.427 1064682.838 0.0650 0.0120 0.0321 

Region 3 Duplicate R3-10-DUP 1092778.661 1064925.885 0.0030 0.0250 0.0590 

Region 3 Duplicate R3-20-DUP 1093400.853 1066275.272 0.0370 0.0099 0.0315 

Region 3 Duplicate R3-28-D 1092711.028 1065173.985 0.0250 0.0145 0.0875 
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Table 12 - QA Sample Blanks 
Sample Type Location ID Flux Uncertainty MDA 

    pCi/m2/s pCi/m2/s pCi/m2/s 

Blank MB1 0.021 0.009 0.041 
Blank MB2 0.025 0.009 0.041 
Blank MBL-1 0.032 0.016 0.041 
Blank MBL-2 0.059 0.023 0.097 
Blank MBL-3 0.018 0.006 0.016 
Blank MBL-4 0.006 0.014 0.053 
Blank MBL-5 0.024 0.010 0.035 

 
 
Section 9: Reporting 
 
No condition or unusual event occurred during the measurements that could significantly affect the 
results that were found.  
 
Photos of radon flux sampling appear in Attachment 2 - Site Photos, showing typical placement of 
canisters having flagged locations, weighted tops and tamper seals. 
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Photo 1: Canister placement at designated locations marked with white flags. 
Locations cleared of plants for accurate placement.  

 
Photo 2: Canister opened and placed at location with circular weight to hold lid and 
canister in place.  
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Photo 3: Canister at flagged location with circular weight to hold lid and canister in 
place.  

 
 
Photo 4: Canister at flagged locaiton with circular weight to hold lid and canister in 
place. 
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Photo 5: Canister opened and in place. The green paper under the weight used as a 
tamper indiator. If paper was missing the next day at time of colleciton, canister 
was possibly tampered with.  

 
 
Photo 6: Canister location marked with white flag.  
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Table 10 – Comprehensive Sampling Data for Radon Flux Sampling for the Landfill OU 
Canister # Region/Area Sample Type Location 

ID Northing Easting Start 
Time 

End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

        counts per 
minute (cpm) 

counts per 
minute (cpm) 

 pCi/m2/s pCi/m2/s pCi/m2/s 

33 Excavation A Biased B-A1 1092969.023 1065361.198 0943 1029 6048 6110   0.0056 0.0150 0.0379 

34 Excavation B Biased B-B1 1092992.994 1065398.877 0940 1027 6020 6159   0.0233 0.0067 0.0095 

38 Excavation C Biased B-C1 1092971.983 1065478.353 1026 1023 6173 6299   0.0169 0.0180 0.0483 

6 Excavation D Biased B-D1 1093106.693 1065753.768 1088 1008 3334 3449   0.0238 0.0085 0.0423 

7 Excavation E Biased B-E1 1093156.849 1065826.753 1012 1013 3098 3231   0.0201 0.0084 0.0451 

8 Excavation F Biased B-F1 1093107.587 1065885.396 0944 0948 3061 3178   -0.0057 0.0379 0.0746 

9 Excavation G Biased B-G1 1093244.186 1065918.41 1019 1023 3292 3361   0.0083 0.0097 0.0345 

10 Excavation H Biased B-H1 1093363.715 1066158.555 0933 1022 3460 3468   0.0236 0.0071 0.0238 

  Excavation B Duplicate B-H1-DUP 1093363.715 1066158.555 0940 1027  N/A N/A    0.0289 0.0146 0.0314 

1 Background Background Bkgd 1 1091942.17  1064959.65 0911 0846 6644 7042   0.0779 0.0124 0.0168 

2 Background Background Bkgd 2  1091909.28 1064958.78 0920 0852 6495 6423   0.1661 0.0217 0.0539 

109 N/A Blank MB1 N/A N/A 1200 1200 N/A  N/A    0.0215 0.0088 0.0410 

110 N/A Blank MB2 N/A N/A 1200 1200  N/A   N/A    0.0248 0.0095 0.0412 

105 N/A Blank MBL-1  N/A N/A N/A N/A N/A   N/A     0.0320 0.0160 0.0415 

108 N/A Blank MBL-2  N/A N/A N/A N/A  N/A   N/A    0.0585 0.0228 0.0970 

111 N/A Blank MBL-3  N/A N/A N/A N/A N/A  N/A    0.0177 0.0064 0.0164 

112 N/A Blank MBL-4  N/A N/A N/A N/A N/A  N/A    0.0063 0.0140 0.0526 

113 N/A Blank MBL-5  N/A N/A N/A N/A N/A  N/A    0.0243 0.0102 0.0355 

114 N/A Laboratory QC GE1 N/A  N/A N/A N/A N/A  N/A    11800.00 404.0000 636.0000 

115 N/A Laboratory QC GE2 N/A  N/A N/A N/A N/A  N/A    12400.00 401.0000 693.0000 

116 N/A Laboratory QC GE3 N/A  N/A N/A N/A N/A   N/A     12400.00 415.0000 759.0000 

117 N/A Laboratory QC GE4 N/A  N/A N/A N/A N/A   N/A     16100.00 657.0000 1340.000 

31 Region 1 Systematic R1-1 1092880.54 1064948.385 0955 1030 7070 7321   0.0339 0.0081 0.0161 

103 Region 1 Systematic  R1-10 1093093.854 1065561.543 1028 1112 6749 6768   0.0074 0.0159 0.0416 

11 Region 1 Systematic R1-11 1093061.742 1065492.678 1023 1115 7158 7454   0.0613 0.0102 0.0114 

12 Region 1 Systematic R1-12 1093029.63 1065423.814 1013 1045 6015 6080   0.0093 0.0233 0.0898 
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Canister # Region/Area Sample Type Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

        counts per 
minute (cpm) 

counts per 
minute (cpm) 

 pCi/m2/s pCi/m2/s pCi/m2/s 

13 Region 1 Systematic R1-13 1092997.518 1065354.949 1011 1046 6301 6500   0.0081 0.0095 0.0327 

14 Region 1 Systematic R1-14 1092947.495 1065303.652 0924 1036 6822 7176   0.0418 0.0094 0.0291 

15 Region 1 Systematic R1-15 1092933.294 1065217.22 0945 1034 6592 7017   0.0227 0.0203 0.0993 

16 Region 1 Systematic R1-16 1092901.182 1065148.356 0926 1033 7063 7358   0.0350 0.0089 0.0453 

17 Region 1 Systematic R1-17 1092869.07 1065079.491 0947 1032 6623 6636   0.0175 0.0125 0.0448 

18 Region 1 Systematic R1-18 1092836.958 1065010.627 0948 1031 6323 6604   0.0194 0.0117 0.0505 

19 Region 1 Systematic R1-19 1092825.488 1065141.734 0956 1036 7039 7118   0.0937 0.0216 0.0684 

32 Region 1 Systematic R1-2 1092912.652 1065017.249 0957 1028 7600 7645   0.1024 0.0161 0.0492 

90 Region 1 Systematic R1-20 1092857.6 1065210.598 0939 1034 6884 6849   0.0147 0.0144 0.0412 

  Region 1 Duplicate 
R1-20-
DUP 1092857.6 1065210.598 0939 1034 N/A  N/A    0.0290 0.0102 0.0321 

21 Region 1 Systematic R1-21 1092889.712 1065279.463 0920 1032 6960 7432   0.0596 0.0100 0.0114 

22 Region 1 Systematic R1-22 1092921.824 1065348.327 0918 1030 6680 6716   0.0654 0.0239 0.0714 

23 Region 1 Systematic R1-23 1092953.936 1065417.192 0916 1026 5517 6078   0.0242 0.0066 0.0129 

24 Region 1 Systematic R1-24 1092986.048 1065486.056 0911 1024 6105 6174   0.0060 0.0133 0.0524 

25 Region 1 Systematic R1-25 1092988.672 1065571.272 0914 1039 7084 7010   0.0376 0.0084 0.0285 

26 Region 1 Systematic R1-26 1093015.344 1065630.015 0910 1014 5960 6146   0.0661 0.0189 0.0223 

27 Region 1 Systematic R1-27 1092974.578 1065617.163 0908 1016 6131 6231   0.0962 0.0137 0.0158 

28 Region 1 Systematic R1-28 1092942.465 1065548.298 0908 1019 7362 7645   0.0796 0.0147 0.0399 

29 Region 1 Systematic R1-29 1092910.353 1065479.434 0911 1020 6799 7069   0.0211 0.0083 0.0285 

3 Region 1 Systematic R1-3 1092944.764 1065086.114 0853 1026 6890 7037   0.0346 0.0072 0.0070 

30 Region 1 Systematic R1-30 1093169.54878 1065568.165 0901 1021 6931 7030   0.0770 0.0183 0.0538 

  Region 1 Duplicate 
R1-30-
DUP 1093169.549 1065568.165 0901 1021  N/A  N/A   0.0940 0.0185 0.0221 

4 Region 1 Systematic R1-4 1092976.877 1065154.978 0855 1024 6668 6816   0.0786 0.0172 0.0145 

5 Region 1 Systematic R1-5 1093008.989 1065223.843 0857 1023 7065 7463   0.0262 0.0171 0.0633 

36 Region 1 Systematic R1-6 1093041.101 1065292.707 1038 1038 6955 7380   0.0124 0.0130 0.0363 

104 Region 1 Systematic R1-7 1093073.213 1065361.572 1037 1037 7013 7122   0.0189 0.0097 0.0410 

39 Region 1 Systematic R1-8 1093105.325 1065430.436 1036 1036 7449 7849   0.0138 0.0167 0.0480 
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Canister # Region/Area Sample Type Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

        counts per 
minute (cpm) 

counts per 
minute (cpm) 

 pCi/m2/s pCi/m2/s pCi/m2/s 

37 Region 1 Duplicate R1-8-D 1093105.325 1065430.436 1036 1036 7471 7925   0.0760 0.0299 0.1037 

35 Region 1 Systematic R1-9 1093137.437 1065499.301 1035 1035 6601 6773   0.0449 0.0086 0.0135 

41 Region 2 Systematic R2-1 1093195.559 1065644.816 1016 1042 3532 3707   -0.0011 0.0145 0.0354 

50 Region 2 Systematic R2-10 1093567.956 1066425.564 0855 0927 3686 3700   0.0904 0.0147 0.0527 

  Region 2 Duplicate 
R2-10-
DUP 1093567.956 1066425.564 0855 0927 N/A  N/A    0.1000 0.0143 0.0361 

51 Region 2 Systematic R2-11 1093609.334 1066512.313 0856 0926 3641 3719   0.0847 0.0138 0.0172 

52 Region 2 Systematic R2-12 1093532.153 1066609.258 0859 0923 6152 6472   0.0330 0.0093 0.0458 

53 Region 2 Systematic R2-13 1093099.743 1065637.275 0959 1000 3601 3734   0.1158 0.0235 0.0234 

54 Region 2 Systematic R2-14 1093141.12 1065724.025 1004 1042 3471 3474   0.0299 0.0077 0.0170 

40 Region 2 Duplicate R2-14-D 1093141.12 1065724.025 1034 1042 N/A  N/A    0.0190 0.0148 0.0414 

  Region 2 Duplicate 
R2-14-D-

DUP 1093141.12 1065724.025 1034 1042 N/A  N/A    0.0250 0.0066 0.0119 

55 Region 2 Systematic R2-15 1093182.498 1065810.775 1015 1016 3825 3848   0.0352 0.0215 0.0525 

56 Region 2 Systematic R2-16 1093222.39 1065899.83 1018 1021 3346 3392   0.0736 0.0214 0.0805 

57 Region 2 Systematic R2-17 1093293.69 1065984.393 1022 1026 4129 4333   0.0350 0.0082 0.0316 

58 Region 2 Systematic R2-18 1093306.63 1066071.024 0924 0915 3798 3990   0.0536 0.0106 0.0177 

59 Region 2 Systematic R2-19 1093348.008 1066157.774 0922 1021 3345 3482   0.0282 0.0109 0.0605 

106 Region 2 Duplicate R2-19-D 1093348.008 1066157.774 1020 1020 N/A  N/A    0.0320 0.0242 0.0631 

42 Region 2 Systematic R2-2 1093236.936 1065731.566 1015 1039 3551 3744   0.0330 0.0120 0.0358 

60 Region 2 Systematic R2-20 1093400.853 1066275.272 0919 1105 2424 3703   0.1400 0.0257 0.0896 

  Region 2 Duplicate 
R2-20-
DUP 1093400.853 1066275.272 0919 1105  N/A N/A    0.1190 0.0257 0.1043 

61 Region 2 Systematic R2-21 1093389.34 1066332.743 0917 0916 6829 7731   0.0308 0.0153 0.0673 

62 Region 2 Systematic R2-22 1093428 1066439.06 0915 0918 6010 6053   0.0452 0.0091 0.0076 

63 Region 2 Systematic R2-23 1093507.737 1066523.426 0913 0920 4758 4863   0.0755 0.0136 0.0361 

64 Region 2 Systematic R2-24 1093527.913 1066566.121 0911 0922 6355 6565   0.0459 0.0110 0.0337 

65 Region 2 Systematic R2-25 1093045.304 1065716.484 0956 0956 3185 3222   0.0216 0.0139 0.0396 

66 Region 2 Systematic R2-26 1093086.681 1065803.234 0953 0953 3177 3248   0.0284 0.0257 0.1140 

67 Region 2 Systematic R2-27 1093128.059 1065889.984 0947 1017 3189 3197   0.0228 0.0058 0.0134 
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Canister # Region/Area Sample Type Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

        counts per 
minute (cpm) 

counts per 
minute (cpm) 

 pCi/m2/s pCi/m2/s pCi/m2/s 

68 Region 2 Systematic R2-28 1093169.436 1065976.733 0949 1020 2829 2880   0.0765 0.0124 0.0172 

107 Region 2 Duplicate R2-28-D 1093169.436 1065976.733 1022 1026  N/A N/A    -0.0090 0.0108 0.0445 

69 Region 2 Systematic R2-29 1093210.814 1066063.483 0939 1023 3326 3492   0.0091 0.0207 0.0512 

43 Region 2 Systematic R2-3 1093278.314 1065818.316 1014 1036 3343 3394   0.0339 0.0172 0.0941 

70 Region 2 Systematic R2-30 1093272.676 1066144.968 0932 1023 3247 3610   0.0246 0.0103 0.0494 

  Region 2 Duplicate 
R2-30-
DUP 1093272.676 1066144.968 0932 1023 N/A  N/A    0.0330 0.0081 0.0170 

44 Region 2 Systematic R2-4 1093319.691 1065905.065 1017 1033 3252 3301   0.1043 0.0145 0.0134 

45 Region 2 Systematic R2-5 1093361.069 1065991.815 1018 1029 3288 3366   0.0433 0.0104 0.0246 

46 Region 2 Systematic R2-6 1093402.446 1066078.565 0846 0936 2753 2815   0.1059 0.0143 0.0162 

47 Region 2 Systematic R2-7 1093443.824 1066165.314 0850 0934 3608 3636   0.0730 0.0131 0.0243 

48 Region 2 Systematic R2-8 1093485.201 1066252.064 0852 0934 2745 2789   0.0180 0.0124 0.0566 

49 Region 2 Systematic R2-9 1093526.579 1066338.814 0853 0929 3432 3456   0.0579 0.0167 0.0153 

71 Region 3 Systematic R3-1 1092515.686 1064283.671 0850 0920 6373 6485   0.0757 0.0124 0.0075 

80 Region 3 Systematic R3-10 1092778.661 1064925.885 0905 0956 5786 5985   0.0107 0.0153 0.0522 

  Region 3 Duplicate 
R3-10-
DUP 1092778.661 1064925.885 0905 0956 N/A   N/A   0.0030 0.0250 0.0590 

81 Region 3 Systematic R3-11 1092738.865 1064842.451 0906 1001 6663 7253   0.0265 0.0165 0.0453 

82 Region 3 Systematic R3-12 1092658.508 1064771.668 0931 1031 4644 4880   0.0409 0.0238 0.0787 

83 Region 3 Systematic R3-13 1092643.992 1064724.335 0930 1033 5312 5844   0.0326 0.0119 0.0554 

84 Region 3 Systematic R3-14 1092539.888 1064425.286 0909 1016 5632 5920   0.0280 0.0076 0.0116 

85 Region 3 Systematic R3-15 1092527.326 1064584.899 0911 1013 5982 6125   0.0727 0.0187 0.0227 

86 Region 3 Systematic R3-16 1092567.121 1064668.332 0912 1005 5315 5438   0.0148 0.0164 0.0398 

87 Region 3 Systematic R3-17 1092606.917 1064751.766 0914 1008 5404 5424   0.0417 0.0095 0.0171 

88 Region 3 Systematic R3-18 1092646.712 1064835.199 0928 1041 4814 4945   0.0161 0.0082 0.0458 

89 Region 3 Systematic R3-19 1092686.508 1064918.632 0927 1044 5153 5164   -0.0083 0.0250 0.0610 

72 Region 3 Systematic R3-2 1092552.449 1064265.672 0852 0924 6253 6814   0.1030 0.0223 0.0652 

20 Region 3 Systematic R3-20 1092726.304 1065002.065 1006 1135 5145 5450   0.0212 0.0057 0.0154 

  Region 3 Duplicate 
R3-20-
DUP 1092726.304  1065002.065 1006 1135 N/A  N/A    0.0370 0.0099 0.0315 



U.S. Army Corps of Engineers – Buffalo District 
Tonawanda Landfill Vicinity Property – Tonawanda, New York 
Final Survey Report for the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property 
 

46 

Canister # Region/Area Sample Type Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

        counts per 
minute (cpm) 

counts per 
minute (cpm) 

 pCi/m2/s pCi/m2/s pCi/m2/s 

91 Region 3 Systematic R3-21 1092783.876 1065061.396  N/A N/A  N/A  N/A  Canister not recovered.  N/A N/A  N/A  

92 Region 3 Systematic R3-22 1092805.895 1065168.932 1007 1134 4106 4919   0.0256 0.0068 0.0158 

93 Region 3 Systematic R3-23 1092829.296 1065625.022 0918 1119 5670 6053   0.0020 0.0172 0.0402 

94 Region 3 Systematic R3-24 1092802.833 1065555.784 0916 1116 5079 5052   -0.0020 0.0118 0.0385 

95 Region 3 Systematic R3-25 1092766.71 1065440.642 0920 1113 4830 4656   0.0054 0.0176 0.0755 

96 Region 3 Systematic R3-26 1092746.076 1065368.465 0922 1109 4837 5001   0.0316 0.0175 0.0368 

97 Region 3 Systematic R3-27 1092727.93 1065267.333 0923 1105 5072 5163   0.0160 0.0081 0.0458 

98 Region 3 Systematic R3-28 1092711.028 1065173.985 1024 1054 4325 4515   0.0083 0.0059 0.0385 

102 Region 3 Duplicate R3-28-D 1092711.028 1065173.985 0924 1054 4183 4447   0.0250 0.0145 0.0875 

99 Region 3 Systematic R3-29 1092700.764 1065086.241 1025 1053 4764 5027   -0.0200 0.0262 0.0798 

73 Region 3 Systematic R3-3 1092592.245 1064349.105 0853 0927 6289 6451   0.0529 0.0099 0.0268 

100 Region 3 Systematic R3-30 1092648.422 1064944.34 0926 1047  Not recorded Not recorded    0.0190 0.0070 0.0160 

74 Region 3 Systematic R3-4 1092632.041 1064432.538 0855 0934 5653 5880   0.1006 0.0140 0.0075 

75 Region 3 Systematic R3-5 1092671.836 1064515.971 0856 0939 6083 6463   0.0541 0.0167 0.0760 

76 Region 3 Systematic R3-6 1092711.632 1064599.405 0857 0941 6188 6377   0.0753 0.0120 0.0163 

77 Region 3 Systematic R3-7 1092751.427 1064682.838 0858 0944 6613 6825   0.0643 0.0126 0.0133 

101 Region 3 Duplicate R3-7-D 1092751.427 1064682.838 0858 0944 6678 7214   0.0650 0.0130 0.0438 

  Region 3 Duplicate 
R3-7-D-

DUP 1092751.427 1064682.838 0858 0944  N/A N/A    0.0650 0.0120 0.0321 

78 Region 3 Systematic R3-8 1092791.223 1064766.271 0900 0948 6695 6887   0.0825 0.0120 0.0074 

79 Region 3 Systematic R3-9 1092831.019 1064849.704 0902 0951 6744 6778   0.0695 0.0343 0.1203 
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Table 13 – Final Qualified Lab Data for Radon Flux Sampling at the Landfill OU 
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LANDFILL OU INCLUDING USACE AREA OF INTEREST AND
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Procedures for Radon Flux (Ra-222) Event 
 

Landfill Operable Unit 
Tonawanda Landfill Vicinity Property 

Erie County, New York 
 

June 2020 
 

Contract: W912QR-12-D-0010 
Delivery Order: W912P418F0049 

 
 
 
 
 
 
 
 
 

U.S. Army Corps of Engineers 
Buffalo District 

1776 Niagara Street 
Buffalo, New York 14207 
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Purpose: This report documents the procedures for the radon sampling of portions of 
the Landfill Operable Unit (OU) at the Tonawanda Landfill Vicinity Property (TLVP). 
Radon flux monitoring verifies that after implementation of the remedy the residual 
radioactive material remaining at depth (i.e., greater than 1.5 m [5 ft]) meets the 
weighted mean radon flux limit at the ground surface and meets the requirements of the 
Landfill OU Record of Decision (ROD). Results will be published in a subsequent report.  
 
The Town of Tonawanda Landfill is a vicinity property to the Linde Formerly Utilized 
Sites Remedial Action Program (FUSRAP) Site. The TLVP site in the Town of 
Tonawanda, Erie County, New York. It is approximately 16 kilometers (km) (10 miles) 
north of downtown Buffalo, New York, and 2.4 km (1.5 mi) north of the Linde FUSRAP 
Site (Figure 1). The TLVP consists of two parcels: the Landfill Operable Unit (OU), 
which houses the town’s active municipal solid waste landfill, and the Mudflats OU 
(Figure 2). The Landfill OU comprises approximately 22 hectares (55 acres); it is zoned 
commercial/industrial. Residential developments border the site to the north and 
northwest. There is a railroad line to the east and a parcel containing National Grid 
transmission lines between the OUs.   
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Supply List: 
 

• radon flux canisters from laboratory 
• weights to hold down canister to ground 
• map of radon flux canister locations 
• clip board 
• watch or cell phone for time 
• pen 
• log sheets for start and end of event 
• hand held GPS and operator 
• garbage bag 
• electrical tape 
• FedEx Airbills 
• address of Eberline Laboratory 
• containers to ship canisters back to the laboratory (if current shipping containers do not 

look suitable for shipping back). 
• paper towels 
• Utility Terrain Vehicles (UTVs) 
• site trailer 
• weight carrier 

 
Pre-deployment 
 
1.  Once radon flux canisters (140) have arrived from the laboratory they should be stored in dry 
area, preferably humidity controlled area (low humidity), prior to use. 
 
2.  Separate canisters into three separate piles, 30 canisters each. Using Figures 3-6, label 
each canister with corresponding locations from the figures. Organize the canisters by region 
and by order of deployment (e.g, deploy in zig zag pattern, starting from canister #1 to #2, going 
north to south, to north, back south, etc.). 
 
3.  This activity is weather dependent, requiring a total of 48 consecutive hours rain free.  Rain 
free is required 24-hours prior to canister placement and rain free during the 24-hour exposure 
of the canister. 
 
4.  The event can only take place (canister placement/deployment) on a Monday or Tuesday, 
with retrieval on a Tuesday or Wednesday.  This allows the laboratory to receive and begin 
processing the canisters no later than Thursday. 
 
5.  The morning of the event, all canister locations will be located via GPS, and marked with a 
pin flag. Weights will also be placed at the location. 
 
 
 
 
 
 
 
 



Tonawanda Landfill Vicinity Property - Landfill Operable Unit  June 2020 
Procedures for Radon Flux (Ra-222) Event 
 

Page 4 of 5 
 

Deployment 
 
1.  Team members will have the following:  

• clipboard  
• pen  
• canister location map 
• log sheet 
• garbage bag for canister tape removal  
• plastic five-gallon bucket (Home Depot) filled with canisters  
• a watch or cell phone for recording time. 

 
2. For deployment, the team member will transport the canisters using a five-gallon plastic 
bucket to the predetermined location of that on the canister location map. 
 
3.  Once the team member has reached a sample location the team member will crosscheck the 
map location to the associated canister number (#1-140).  Start Date and Start Time will be 
recorded on the canister label and also on the log sheet.  In addition, the team member will 
provide any information in the log sheet comment area with regards to damaged containers, 
missing tape (around lid or back hole), plastic filter inside missing and any other notable issues 
with the canister. 
 
4.  After recording the required information in the previous step, the team member will remove 
the tape that is around the canister lid and main body. Remove the lid, and flip over the canister 
placing the canister open end on the ground, bottom side facing up.  
 
5.  Once the canister is on the ground, then remove the tape covering a small hole on the 
back/bottom of the canister, this will allow air flow through the canister while open to the ground.  
Place the lid on the back of the canister, label facing down, (to prevent dew from forming on the 
label). Do not place the lid in a way that will block the small hole on bottom/back of the canister.  
Place the weight on the lid and canister to hold the canister firmly to the ground. 
 
6.  After all canisters are placed/deployed, collect the log sheets from the team members.  
Ensure the  log sheets have start date and times, print multiple copies for utilization the 
following day for recording the date and time of retrieval of the canisters.  Inform the laboratory 
(via email or phone) that the event has begun and indicate the day of arrival of canisters via 
FedEx. 
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Retrieval 
 
1.  Retrieval of the canisters the following day will require team members to have the following:  

• clip board  
• pen  
• canister location map  
• updated log sheet  
• several roles of electrical tape  
• plastic five-gallon bucket 
• a watch or cell phone for recording time. 
• paper towels  
• weight carrier  

 
2.  Team members will start at the same location as the day before and walk the same path. 
 
3.  Once at the canister location, remove the weight and put it on the carrier.  Canister retrieval 
will require that the lid be placed back on the canister, check to be sure no moisture is on the 
inside of the lid.  Wipe moisture off with paper towel prior to lid placement. Close the canister lid 
tightly. Record Stop Time and Stop Date on the canister label and log sheet.   
 
4.  Place electrical tape around lid and main body of the canister to seal it shut.  Place tape over 
small hole on back/bottom of canister. 
 
5.  Once the canister is sealed and logged, it can be placed inside of the five-gallon bucket for 
transportation.  
 
6.  Once all canisters are retrieved, team members organize the canisters into the 
corresponding shipping containers. Canisters are placed in the shipping containers according to 
the canister numbers noted on the shipping container.  Confirming all canisters are collected 
and placed in the proper shipping container will save time when prepping the containers for 
shipment. 
 
7.  Once all canisters are placed in proper shipping container, the containers shall be prepped 
for shipment.  A final copy of the log sheet will be created in the field by a team member 
transferring those Stop Date and Stop Times to the final log sheets. A copy or image (picture) 
will be taken of the final log sheets and the final log sheets placed in one of the shipping 
containers in a zip lock type plastic bag. 
 
8.  The shipping containers will be taped shut using strapping tape and/or plastic ties. Custody 
seals (dated and initialed) will be placed on those areas of the container that would tear the seal 
if the shipping container was opened prior to arriving at the laboratory. FedEx air bills must be 
prepared for next day delivery of the containers to the laboratory. 
  
9.  All containers, once prepared for shipping, will be taken to the FedEx office at the Buffalo-
Niagara Airport for drop-off for shipment. 
 
10.   Inform the laboratory (via email or phone) that sampling is complete and containers have 
been shipped, providing FedEx air bill information and a copy/image of the final radon flux 
canister log sheets.  Inform laboratory of lost or stolen canisters. 
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TTLF    Sample 
ID MDA 

TTLF    
Sample ID MDA 

B-A1 U 0.006 ± 0.015 0.038 R2-20 J 0.140 ± 0.026 0.090
B-B1 J 0.023 ± 0.007 0.010 R2-20-DUP 0.119 ± 0.026 0.104
B-C1 U 0.017 ± 0.018 0.048 R2-21 U 0.031 ± 0.015 0.067
B-D1 U 0.024 ± 0.009 0.042 R2-22 0.045 ± 0.009 0.008
B-E1 U 0.020 ± 0.008 0.045 R2-23 0.076 ± 0.014 0.036
B-F1 U -0.006 ± 0.038 0.075 R2-24 0.046 ± 0.011 0.034
B-G1 U 0.008 ± 0.010 0.035 R2-25 U 0.022 ± 0.014 0.040
B-H1 U 0.024 ± 0.007 0.024 R2-26 U 0.028 ± 0.026 0.114

B-H1-DUP U 0.029 ± 0.015 0.031 R2-27 J 0.023 ± 0.006 0.013
R1-1 J 0.034 ± 0.008 0.016 R2-28 0.077 ± 0.012 0.017
R1-10 U 0.007 ± 0.016 0.042 R2-28-D U -0.009 ± 0.011 0.044
R1-11 0.061 ± 0.010 0.011 R2-29 U 0.009 ± 0.021 0.051
R1-12 U 0.009 ± 0.023 0.090 R2-3 U 0.034 ± 0.017 0.094
R1-13 U 0.008 ± 0.009 0.033 R2-30 U 0.025 ± 0.010 0.049
R1-14 0.042 ± 0.009 0.029 R2-30-DUP 0.033 ± 0.008 0.017
R1-15 U 0.023 ± 0.020 0.099 R2-4 0.104 ± 0.015 0.013
R1-16 U 0.035 ± 0.009 0.045 R2-5 0.043 ± 0.010 0.025
R1-17 U 0.018 ± 0.012 0.045 R2-6 0.106 ± 0.014 0.016
R1-18 U 0.019 ± 0.012 0.050 R2-7 0.073 ± 0.013 0.024
R1-19 J 0.094 ± 0.022 0.068 R2-8 U 0.018 ± 0.012 0.057
R1-2 0.102 ± 0.016 0.049 R2-9 J 0.058 ± 0.017 0.015
R1-20 U 0.015 ± 0.014 0.041 R3-1 0.076 ± 0.012 0.008

R1-20-DUP U 0.029 ± 0.010 0.032 R3-10 U 0.011 ± 0.015 0.052
R1-21 0.060 ± 0.010 0.011 R3-10-DUP U 0.003 ± 0.025 0.059
R1-22 U 0.065 ± 0.024 0.071 R3-11 U 0.026 ± 0.017 0.045
R1-23 J 0.024 ± 0.007 0.013 R3-12 U 0.041 ± 0.024 0.079
R1-24 U 0.006 ± 0.013 0.052 R3-13 U 0.033 ± 0.012 0.055
R1-25 0.038 ± 0.008 0.028 R3-14 0.028 ± 0.008 0.012
R1-26 J 0.066 ± 0.019 0.022 R3-15 J 0.073 ± 0.019 0.023
R1-27 0.096 ± 0.014 0.016 R3-16 U 0.015 ± 0.016 0.040
R1-28 0.080 ± 0.015 0.040 R3-17 0.042 ± 0.009 0.017
R1-29 U 0.021 ± 0.008 0.028 R3-18 U 0.016 ± 0.008 0.046
R1-3 0.035 ± 0.007 0.007 R3-19 U -0.008 ± 0.025 0.061
R1-30 J 0.077 ± 0.018 0.054 R3-2 J 0.103 ± 0.022 0.065

R1-30-DUP 0.094 ± 0.018 0.022 R3-20 J 0.021 ± 0.006 0.015
R1-4 J 0.079 ± 0.017 0.015 R3-20-DUP 0.037 ± 0.010 0.032
R1-5 U 0.026 ± 0.017 0.063 R3-22 J 0.026 ± 0.007 0.016
R1-6 U 0.012 ± 0.013 0.036 R3-23 U 0.002 ± 0.017 0.040
R1-7 U 0.019 ± 0.010 0.041 R3-24 U -0.002 ± 0.012 0.039
R1-8 U 0.014 ± 0.017 0.048 R3-25 U 0.005 ± 0.018 0.076

R1-8-D U 0.076 ± 0.030 0.104 R3-26 U 0.032 ± 0.018 0.037
R1-9 0.045 ± 0.009 0.013 R3-27 U 0.016 ± 0.008 0.046
R2-1 U -0.001 ± 0.014 0.035 R3-28 U 0.008 ± 0.006 0.038
R2-10 0.090 ± 0.015 0.053 R3-28-D U 0.025 ± 0.015 0.088

R2-10-DUP 0.100 ± 0.014 0.036 R3-29 U -0.020 ± 0.026 0.080
R2-11 0.085 ± 0.014 0.017 R3-3 0.053 ± 0.010 0.027
R2-12 U 0.033 ± 0.009 0.046 R3-30 J 0.019 ± 0.007 0.016
R2-13 J 0.116 ± 0.023 0.023 R3-4 0.101 ± 0.014 0.007
R2-14 0.030 ± 0.008 0.017 R3-5 U 0.054 ± 0.017 0.076

Radon Flux Monitoring Resultsa
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Radon-222 Flux 

(pCi/m2/s) (pCi/m2/s)
R2-14-D U 0.019 ± 0.015 0.041 R3-6 0.075 ± 0.012 0.016

R2-14-D-DUP 0.025 ± 0.007 0.012 R3-7 0.064 ± 0.013 0.013
R2-15 U 0.035 ± 0.022 0.053 R3-7-D 0.065 ± 0.013 0.044
R2-16 U 0.074 ± 0.021 0.081 R3-7-D-DUP 0.065 ± 0.012 0.032
R2-17 J 0.035 ± 0.008 0.032 R3-8 0.082 ± 0.012 0.007
R2-18 0.054 ± 0.011 0.018 R3-9 U 0.070 ± 0.034 0.120

R2-19 U 0.028 ± 0.011 0.060 BKGD 1c 0.078 ± 0.012 0.017
R2-19-D U 0.032 ± 0.024 0.063 BKGD 2c 0.166 ± 0.022 0.054

R2-2 U 0.033 ± 0.012 0.036

TTLFg Units
Averagee (pCi/m2/s)

Highf (pCi/m2/s)
Low (pCi/m2/s)

NOTE: The EPA Standard for Radon-222 Flux is 20 pCi/m2/sec
 a. Radon-222 flux was performed on July 7-8, 2020 (24 hour exposure).
 b. Every 10th canister is counted twice as a quality control 
     (QC) duplicate to evaluate analytical precision.
 c. Background:
 d. Data Qualifier:  U -  no analyte was detected (Non-Detect).
      J - indicates a estimated value when the LCS is greater than the  laboratory
    limit or potential of method blank bias meaning findings may be biased high for both.
 e. Average of all values (detects and Un-detects)
 f. Highest detectable finding.
g. TTLF - Town of Tonawanda Landfill 

0.1400
-0.0200

Average 
background 0.12198 (pCi/m2/s)

Value
0.0417
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Appendix 

Final Survey  Tables 4 hrough 13



 
Table 4 - Region 1 Systematic Data 

Canister # Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

31 Region 1 Systematic R1-1 1092880.54 1064948.385 0.0339 0.0081 0.0161 
32 Region 1 Systematic R1-2 1092912.65 1065017.249 0.1024 0.0161 0.0492 
3 Region 1 Systematic R1-3 1092944.76 1065086.114 0.0346 0.0072 0.0070 
4 Region 1 Systematic R1-4 1092976.88 1065154.978 0.0786 0.0172 0.0145 
5 Region 1 Systematic R1-5 1093008.99 1065223.843 0.0262 0.0171 0.0633 

36 Region 1 Systematic R1-6 1093041.1 1065292.707 0.0124 0.0130 0.0363 
104 Region 1 Systematic R1-7 1093073.21 1065361.572 0.0189 0.0097 0.0410 
39 Region 1 Systematic R1-8 1093105.32 1065430.436 0.0138 0.0167 0.0480 
35 Region 1 Systematic R1-9 1093137.44 1065499.301 0.0449 0.0086 0.0135 

103 Region 1 Systematic R1-10 1093093.85 1065561.543 0.0074 0.0159 0.0416 
11 Region 1 Systematic R1-11 1093061.74 1065492.678 0.0613 0.0102 0.0114 
12 Region 1 Systematic R1-12 1093029.63 1065423.814 0.0093 0.0233 0.0898 
13 Region 1 Systematic R1-13 1092997.52 1065354.949 0.0081 0.0095 0.0327 
14 Region 1 Systematic R1-14 1092947.49 1065303.652 0.0418 0.0094 0.0291 
15 Region 1 Systematic R1-15 1092933.29 1065217.22 0.0227 0.0203 0.0993 
16 Region 1 Systematic R1-16 1092901.18 1065148.356 0.0350 0.0089 0.0453 
17 Region 1 Systematic R1-17 1092869.07 1065079.491 0.0175 0.0125 0.0448 
18 Region 1 Systematic R1-18 1092836.96 1065010.627 0.0194 0.0117 0.0505 
19 Region 1 Systematic R1-19 1092825.49 1065141.734 0.0937 0.0216 0.0684 
90 Region 1 Systematic R1-20 1092857.6 1065210.598 0.0147 0.0144 0.0412 
21 Region 1 Systematic R1-21 1092889.71 1065279.463 0.0596 0.0100 0.0114 



Canister # Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

22 Region 1 Systematic R1-22 1092921.82 1065348.327 0.0654 0.0239 0.0714 
23 Region 1 Systematic R1-23 1092953.94 1065417.192 0.0242 0.0066 0.0129 
24 Region 1 Systematic R1-24 1092986.05 1065486.056 0.0060 0.0133 0.0524 
25 Region 1 Systematic R1-25 1092988.67 1065571.272 0.0376 0.0084 0.0285 
26 Region 1 Systematic R1-26 1093015.34 1065630.015 0.0661 0.0189 0.0223 
27 Region 1 Systematic R1-27 1092974.58 1065617.163 0.0962 0.0137 0.0158 
28 Region 1 Systematic R1-28 1092942.47 1065548.298 0.0796 0.0147 0.0399 
29 Region 1 Systematic R1-29 1092910.35 1065479.434 0.0211 0.0083 0.0285 
30 Region 1 Systematic R1-30 1093169.55 1065568.165 0.0770 0.0183 0.0538 

 
Table 4 - Region 1 Systematic Data 



Canister # Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

41 Region 2 Systematic R2-1 1093195.56 1065644.816 -0.0011 0.0145 0.0354 
42 Region 2 Systematic R2-2 1093236.94 1065731.566 0.0330 0.0120 0.0358 
43 Region 2 Systematic R2-3 1093278.31 1065818.316 0.0339 0.0172 0.0941 
44 Region 2 Systematic R2-4 1093319.69 1065905.065 0.1043 0.0145 0.0134 
45 Region 2 Systematic R2-5 1093361.07 1065991.815 0.0433 0.0104 0.0246 
46 Region 2 Systematic R2-6 1093402.45 1066078.565 0.1059 0.0143 0.0162 
47 Region 2 Systematic R2-7 1093443.82 1066165.314 0.0730 0.0131 0.0243 
48 Region 2 Systematic R2-8 1093485.2 1066252.064 0.0180 0.0124 0.0566 
49 Region 2 Systematic R2-9 1093526.58 1066338.814 0.0579 0.0167 0.0153 
50 Region 2 Systematic R2-10 1093567.96 1066425.564 0.0904 0.0147 0.0527 
51 Region 2 Systematic R2-11 1093609.33 1066512.313 0.0847 0.0138 0.0172 
52 Region 2 Systematic R2-12 1093532.15 1066609.258 0.0330 0.0093 0.0458 
53 Region 2 Systematic R2-13 1093099.74 1065637.275 0.1158 0.0235 0.0234 
54 Region 2 Systematic R2-14 1093141.12 1065724.025 0.0299 0.0077 0.0170 
55 Region 2 Systematic R2-15 1093182.5 1065810.775 0.0352 0.0215 0.0525 
56 Region 2 Systematic R2-16 1093222.39 1065899.83 0.0736 0.0214 0.0805 
57 Region 2 Systematic R2-17 1093293.69 1065984.393 0.0350 0.0082 0.0316 
58 Region 2 Systematic R2-18 1093306.63 1066071.024 0.0536 0.0106 0.0177 
59 Region 2 Systematic R2-19 1093348.01 1066157.774 0.0282 0.0109 0.0605 
60 Region 2 Systematic R2-20 1093400.85 1066275.272 0.1400 0.0257 0.0896 
61 Region 2 Systematic R2-21 1093389.34 1066332.743 0.0308 0.0153 0.0673 



Canister # Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

62 Region 2 Systematic R2-22 1093428 1066439.06 0.0452 0.0091 0.0076 
63 Region 2 Systematic R2-23 1093507.74 1066523.426 0.0755 0.0136 0.0361 
64 Region 2 Systematic R2-24 1093527.91 1066566.121 0.0459 0.0110 0.0337 
65 Region 2 Systematic R2-25 1093045.3 1065716.484 0.0216 0.0139 0.0396 
66 Region 2 Systematic R2-26 1093086.68 1065803.234 0.0284 0.0257 0.1140 
67 Region 2 Systematic R2-27 1093128.06 1065889.984 0.0228 0.0058 0.0134 
68 Region 2 Systematic R2-28 1093169.44 1065976.733 0.0765 0.0124 0.0172 
69 Region 2 Systematic R2-29 1093210.81 1066063.483 0.0091 0.0207 0.0512 
70 Region 2 Systematic R2-30 1093272.68 1066144.968 0.0246 0.0103 0.0494 



Canister # Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

71 Region 3 Systematic R3-1 1092515.69 1064283.671 0.0757 0.0124 0.0075 
72 Region 3 Systematic R3-2 1092552.45 1064265.672 0.1030 0.0223 0.0652 
73 Region 3 Systematic R3-3 1092592.25 1064349.105 0.0529 0.0099 0.0268 
74 Region 3 Systematic R3-4 1092632.04 1064432.538 0.1006 0.0140 0.0075 
75 Region 3 Systematic R3-5 1092671.84 1064515.971 0.0541 0.0167 0.0760 
76 Region 3 Systematic R3-6 1092711.63 1064599.405 0.0753 0.0120 0.0163 
77 Region 3 Systematic R3-7 1092751.43 1064682.838 0.0643 0.0126 0.0133 
78 Region 3 Systematic R3-8 1092791.22 1064766.271 0.0825 0.0120 0.0074 
79 Region 3 Systematic R3-9 1092831.02 1064849.704 0.0695 0.0343 0.1203 
80 Region 3 Systematic R3-10 1092778.66 1064925.885 0.0107 0.0153 0.0522 
81 Region 3 Systematic R3-11 1092738.87 1064842.451 0.0265 0.0165 0.0453 
82 Region 3 Systematic R3-12 1092658.51 1064771.668 0.0409 0.0238 0.0787 
83 Region 3 Systematic R3-13 1092643.99 1064724.335 0.0326 0.0119 0.0554 
84 Region 3 Systematic R3-14 1092539.89 1064425.286 0.0280 0.0076 0.0116 
85 Region 3 Systematic R3-15 1092527.33 1064584.899 0.0727 0.0187 0.0227 
86 Region 3 Systematic R3-16 1092567.12 1064668.332 0.0148 0.0164 0.0398 
87 Region 3 Systematic R3-17 1092606.92 1064751.766 0.0417 0.0095 0.0171 
88 Region 3 Systematic R3-18 1092646.71 1064835.199 0.0161 0.0082 0.0458 
89 Region 3 Systematic R3-19 1092686.51 1064918.632 -0.0083 0.0250 0.0610 
20 Region 3 Systematic R3-20 1092726.3 1065002.065 0.0212 0.0057 0.0154 
91* Region 3 Systematic R3-21 1092783.88 1065061.396 N/A N/A N/A 



Canister # Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

92 Region 3 Systematic R3-22 1092805.89 1065168.932 0.0256 0.0068 0.0158 
93 Region 3 Systematic R3-23 1092829.3 1065625.022 0.0020 0.0172 0.0402 
94 Region 3 Systematic R3-24 1092802.83 1065555.784 -0.0020 0.0118 0.0385 
95 Region 3 Systematic R3-25 1092766.71 1065440.642 0.0054 0.0176 0.0755 
96 Region 3 Systematic R3-26 1092746.08 1065368.465 0.0316 0.0175 0.0368 
97 Region 3 Systematic R3-27 1092727.93 1065267.333 0.0160 0.0081 0.0458 
98 Region 3 Systematic R3-28 1092711.03 1065173.985 0.0083 0.0059 0.0385 
99 Region 3 Systematic R3-29 1092700.76 1065086.241 -0.0200 0.0262 0.0798 

100 Region 3 Systematic R3-30 1092648.42 1064944.34 0.0190 0.0070 0.0160 
*Canister not recovered.



Final Survey Report for Landfill OU at TLVP 
Table 7 – Biased Data in Excavated Areas 

Canister # Region/Area Sample 
Type 

Location 
ID Northing Easting Flux 

pCi/m2-s 
Uncertainty 

pCi/m2-s 
MDA 

pCi/m2-s 
33 Excavation A Biased B-A1 1092969.02 1065361.198 0.006 0.015 0.038 
34 Excavation B Biased B-B1 1092992.99 1065398.877 0.023 0.007 0.010 
38 Excavation C Biased B-C1 1092971.98 1065478.353 0.017 0.018 0.048 
6 Excavation D Biased B-D1 1093106.69 1065753.768 0.024 0.009 0.042 
7 Excavation E Biased B-E1 1093156.85 1065826.753 0.020 0.008 0.045 
8 Excavation F Biased B-F1 1093107.59 1065885.396 -0.006 0.038 0.075 
9 Excavation G Biased B-G1 1093244.19 1065918.41 0.008 0.010 0.035 

10 Excavation H Biased B-H1 1093363.72 1066158.555 0.024 0.007 0.024 



Final Survey Report for Landfill OU at TLVP 
Table 8 - Statistics of Regional Systematic Sampling and Site-Wide Arithmetic Average     

Results at 90% Confidence 

Area Mean 
Flux 

Standard 
Deviation Minimum Maximum Number of 

Samples Error 

pCi/m2-s pCi/m2-s pCi/m2-s pCi/m2-s 
Region 1 0.0410 0.0296 0.0060 0.1024 30 0.224 
Region 2 0.0523 0.0344 -0.0011 0.1400 30 0.204 
Region 3 0.0366 0.0327 -0.0200 0.1030 29 0.283 
Site-wide (R1 + R2 + R3) 0.0433 0.0326 -0.0200 0.1400 89 0.132 

Final Survey Report for Landfill OU at TLVP 
Table 9 – Background Area Data 

Canister # Region/Area Sample 
Type 

Location 
ID Northing Easting Flux 

pCi/m2-s 
Uncertainty 

pCi/m2-s 
MDA 

pCi/m2-s 

1 Background Biased Bkgd-1 1091942.17 1064959.65 0.0779 0.0124 0.0168 
2 Background Biased Bkgd-2 1091909.28 1064958.78 0.1661 0.0217 0.0539 
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Table 10 – Comprehensive Sampling Data  
Canister # Region/Area Sample 

Type 
Location 

ID Northing Easting Start 
Time 

End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

counts per 
minute (cpm) 

counts per 
minute (cpm) pCi/m2-s pCi/m2-s pCi/m2-s 

33 
Excavation 

A Biased B-A1
1092969.02

3 1065361.198 0943 1029 6048 6110 0.0056 0.0150 0.0379 

34 
Excavation 

B Biased B-B1
1092992.99

4 1065398.877 0940 1027 6020 6159 0.0233 0.0067 0.0095 

38 
Excavation 

C Biased B-C1
1092971.98

3 1065478.353 1026 1023 6173 6299 0.0169 0.0180 0.0483 

6 
Excavation 

D Biased B-D1
1093106.69

3 1065753.768 1088 1008 3334 3449 0.0238 0.0085 0.0423 

7 
Excavation 

E Biased B-E1
1093156.84

9 1065826.753 1012 1013 3098 3231 0.0201 0.0084 0.0451 

8 
Excavation 

F Biased B-F1 
1093107.58

7 1065885.396 0944 0948 3061 3178 -0.0057 0.0379 0.0746 

9 
Excavation 

G Biased B-G1
1093244.18

6 1065918.41 1019 1023 3292 3361 0.0083 0.0097 0.0345 

10 
Excavation 

H Biased B-H1
1093363.71

5 1066158.555 0933 1022 3460 3468 0.0236 0.0071 0.0238 
Excavation 

B Duplicate 
B-H1-
DUP

1093363.71
5 1066158.555 0940 1027  N/A N/A  0.0289 0.0146 0.0314 

1 Background Background Bkgd 1 1091942.17  1064959.65 0911 0846 6644 7042 0.0779 0.0124 0.0168 

2 Background Background Bkgd 2  1091909.28 1064958.78 0920 0852 6495 6423 0.1661 0.0217 0.0539 

109 N/A Blank MB1 N/A N/A 1200 1200 N/A  N/A  0.0215 0.0088 0.0410 

110 N/A Blank MB2 N/A N/A 1200 1200  N/A   N/A  0.0248 0.0095 0.0412 

105 N/A Blank MBL-1  N/A N/A N/A N/A N/A  N/A  0.0320 0.0160 0.0415 

108 N/A Blank MBL-2  N/A N/A N/A N/A  N/A   N/A  0.0585 0.0228 0.0970 

111 N/A Blank MBL-3  N/A N/A N/A N/A N/A  N/A  0.0177 0.0064 0.0164 

112 N/A Blank MBL-4  N/A N/A N/A N/A N/A  N/A  0.0063 0.0140 0.0526 

113 N/A Blank MBL-5  N/A N/A N/A N/A N/A  N/A  0.0243 0.0102 0.0355 

114 N/A Laboratory QC GE1 N/A  N/A N/A N/A N/A  N/A  11800.00 404.0000 636.0000 

115 N/A Laboratory QC GE2 N/A  N/A N/A N/A N/A  N/A  12400.00 401.0000 693.0000 

116 N/A Laboratory QC GE3 N/A  N/A N/A N/A N/A  N/A  12400.00 415.0000 759.0000 

117 N/A Laboratory QC GE4 N/A  N/A N/A N/A N/A  N/A  16100.00 657.0000 1340.000 

31 Region 1 Systematic R1-1 1092880.54 1064948.385 0955 1030 7070 7321 0.0339 0.0081 0.0161 

103 Region 1 Systematic R1-10 
1093093.85

4 1065561.543 1028 1112 6749 6768 0.0074 0.0159 0.0416 

11 Region 1 Systematic R1-11 
1093061.74

2 1065492.678 1023 1115 7158 7454 0.0613 0.0102 0.0114 
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Canister # Region/Area Sample 
Type 

Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

counts per 
minute (cpm) 

counts per 
minute (cpm) pCi/m2-s pCi/m2-s pCi/m2-s 

12 Region 1 Systematic R1-12 1093029.63 1065423.814 1013 1045 6015 6080 0.0093 0.0233 0.0898 

13 Region 1 Systematic R1-13 
1092997.51

8 1065354.949 1011 1046 6301 6500 0.0081 0.0095 0.0327 

14 Region 1 Systematic R1-14 
1092947.49

5 1065303.652 0924 1036 6822 7176 0.0418 0.0094 0.0291 

15 Region 1 Systematic R1-15 
1092933.29

4 1065217.22 0945 1034 6592 7017 0.0227 0.0203 0.0993 

16 Region 1 Systematic R1-16 
1092901.18

2 1065148.356 0926 1033 7063 7358 0.0350 0.0089 0.0453 

17 Region 1 Systematic R1-17 1092869.07 1065079.491 0947 1032 6623 6636 0.0175 0.0125 0.0448 

18 Region 1 Systematic R1-18 
1092836.95

8 1065010.627 0948 1031 6323 6604 0.0194 0.0117 0.0505 

19 Region 1 Systematic R1-19 
1092825.48

8 1065141.734 0956 1036 7039 7118 0.0937 0.0216 0.0684 

32 Region 1 Systematic R1-2 
1092912.65

2 1065017.249 0957 1028 7600 7645 0.1024 0.0161 0.0492 

90 Region 1 Systematic R1-20 1092857.6 1065210.598 0939 1034 6884 6849 0.0147 0.0144 0.0412 

Region 1 Duplicate 
R1-20-
DUP 1092857.6 1065210.598 0939 1034 N/A  N/A  0.0290 0.0102 0.0321 

21 Region 1 Systematic R1-21 
1092889.71

2 1065279.463 0920 1032 6960 7432 0.0596 0.0100 0.0114 

22 Region 1 Systematic R1-22 
1092921.82

4 1065348.327 0918 1030 6680 6716 0.0654 0.0239 0.0714 

23 Region 1 Systematic R1-23 
1092953.93

6 1065417.192 0916 1026 5517 6078 0.0242 0.0066 0.0129 

24 Region 1 Systematic R1-24 
1092986.04

8 1065486.056 0911 1024 6105 6174 0.0060 0.0133 0.0524 

25 Region 1 Systematic R1-25 
1092988.67

2 1065571.272 0914 1039 7084 7010 0.0376 0.0084 0.0285 

26 Region 1 Systematic R1-26 
1093015.34

4 1065630.015 0910 1014 5960 6146 0.0661 0.0189 0.0223 

27 Region 1 Systematic R1-27 
1092974.57

8 1065617.163 0908 1016 6131 6231 0.0962 0.0137 0.0158 

28 Region 1 Systematic R1-28 
1092942.46

5 1065548.298 0908 1019 7362 7645 0.0796 0.0147 0.0399 

29 Region 1 Systematic R1-29 
1092910.35

3 1065479.434 0911 1020 6799 7069 0.0211 0.0083 0.0285 

3 Region 1 Systematic R1-3 
1092944.76

4 1065086.114 0853 1026 6890 7037 0.0346 0.0072 0.0070 

30 Region 1 Systematic R1-30 
1093169.54

878 1065568.165 0901 1021 6931 7030 0.0770 0.0183 0.0538 

Region 1 Duplicate 
R1-30-
DUP 

1093169.54
9 1065568.165 0901 1021  N/A  N/A 0.0940 0.0185 0.0221 

4 Region 1 Systematic R1-4 
1092976.87

7 1065154.978 0855 1024 6668 6816 0.0786 0.0172 0.0145 

5 Region 1 Systematic R1-5 
1093008.98

9 1065223.843 0857 1023 7065 7463 0.0262 0.0171 0.0633 

36 Region 1 Systematic R1-6 
1093041.10

1 1065292.707 1038 1038 6955 7380 0.0124 0.0130 0.0363 
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Canister # Region/Area Sample 
Type 

Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

counts per 
minute (cpm) 

counts per 
minute (cpm) pCi/m2-s pCi/m2-s pCi/m2-s 

104 Region 1 Systematic R1-7 
1093073.21

3 1065361.572 1037 1037 7013 7122 0.0189 0.0097 0.0410 

39 Region 1 Systematic R1-8 
1093105.32

5 1065430.436 1036 1036 7449 7849 0.0138 0.0167 0.0480 

37 Region 1 Duplicate R1-8-D 
1093105.32

5 1065430.436 1036 1036 7471 7925 0.0760 0.0299 0.1037 

35 Region 1 Systematic R1-9 
1093137.43

7 1065499.301 1035 1035 6601 6773 0.0449 0.0086 0.0135 

41 Region 2 Systematic R2-1 
1093195.55

9 1065644.816 1016 1042 3532 3707 -0.0011 0.0145 0.0354 

50 Region 2 Systematic R2-10 
1093567.95

6 1066425.564 0855 0927 3686 3700 0.0904 0.0147 0.0527 

Region 2 Duplicate 
R2-10-
DUP 

1093567.95
6 1066425.564 0855 0927 N/A  N/A  0.1000 0.0143 0.0361 

51 Region 2 Systematic R2-11 
1093609.33

4 1066512.313 0856 0926 3641 3719 0.0847 0.0138 0.0172 

52 Region 2 Systematic R2-12 
1093532.15

3 1066609.258 0859 0923 6152 6472 0.0330 0.0093 0.0458 

53 Region 2 Systematic R2-13 
1093099.74

3 1065637.275 0959 1000 3601 3734 0.1158 0.0235 0.0234 

54 Region 2 Systematic R2-14 1093141.12 1065724.025 1004 1042 3471 3474 0.0299 0.0077 0.0170 

40 Region 2 Duplicate R2-14-D 1093141.12 1065724.025 1034 1042 N/A  N/A  0.0190 0.0148 0.0414 

Region 2 Duplicate 
R2-14-D-

DUP 1093141.12 1065724.025 1034 1042 N/A  N/A  0.0250 0.0066 0.0119 

55 Region 2 Systematic R2-15 
1093182.49

8 1065810.775 1015 1016 3825 3848 0.0352 0.0215 0.0525 

56 Region 2 Systematic R2-16 1093222.39 1065899.83 1018 1021 3346 3392 0.0736 0.0214 0.0805 

57 Region 2 Systematic R2-17 1093293.69 1065984.393 1022 1026 4129 4333 0.0350 0.0082 0.0316 

58 Region 2 Systematic R2-18 1093306.63 1066071.024 0924 0915 3798 3990 0.0536 0.0106 0.0177 

59 Region 2 Systematic R2-19 
1093348.00

8 1066157.774 0922 1021 3345 3482 0.0282 0.0109 0.0605 

106 Region 2 Duplicate R2-19-D 
1093348.00

8 1066157.774 1020 1020 N/A  N/A  0.0320 0.0242 0.0631 

42 Region 2 Systematic R2-2 
1093236.93

6 1065731.566 1015 1039 3551 3744 0.0330 0.0120 0.0358 

60 Region 2 Systematic R2-20 
1093400.85

3 1066275.272 0919 1105 2424 3703 0.1400 0.0257 0.0896 

Region 2 Duplicate 
R2-20-
DUP 

1093400.85
3 1066275.272 0919 1105  N/A N/A  0.1190 0.0257 0.1043 

61 Region 2 Systematic R2-21 1093389.34 1066332.743 0917 0916 6829 7731 0.0308 0.0153 0.0673 

62 Region 2 Systematic R2-22 1093428 1066439.06 0915 0918 6010 6053 0.0452 0.0091 0.0076 

63 Region 2 Systematic R2-23 
1093507.73

7 1066523.426 0913 0920 4758 4863 0.0755 0.0136 0.0361 

64 Region 2 Systematic R2-24 
1093527.91

3 1066566.121 0911 0922 6355 6565 0.0459 0.0110 0.0337 

65 Region 2 Systematic R2-25 
1093045.30

4 1065716.484 0956 0956 3185 3222 0.0216 0.0139 0.0396 
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Canister # Region/Area Sample 
Type 

Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

counts per 
minute (cpm) 

counts per 
minute (cpm) pCi/m2-s pCi/m2-s pCi/m2-s 

66 Region 2 Systematic R2-26 
1093086.68

1 1065803.234 0953 0953 3177 3248 0.0284 0.0257 0.1140 

67 Region 2 Systematic R2-27 
1093128.05

9 1065889.984 0947 1017 3189 3197 0.0228 0.0058 0.0134 

68 Region 2 Systematic R2-28 
1093169.43

6 1065976.733 0949 1020 2829 2880 0.0765 0.0124 0.0172 

107 Region 2 Duplicate R2-28-D 
1093169.43

6 1065976.733 1022 1026  N/A N/A  -0.0090 0.0108 0.0445 

69 Region 2 Systematic R2-29 
1093210.81

4 1066063.483 0939 1023 3326 3492 0.0091 0.0207 0.0512 

43 Region 2 Systematic R2-3 
1093278.31

4 1065818.316 1014 1036 3343 3394 0.0339 0.0172 0.0941 

70 Region 2 Systematic R2-30 
1093272.67

6 1066144.968 0932 1023 3247 3610 0.0246 0.0103 0.0494 

Region 2 Duplicate 
R2-30-
DUP 

1093272.67
6 1066144.968 0932 1023 N/A  N/A  0.0330 0.0081 0.0170 

44 Region 2 Systematic R2-4 
1093319.69

1 1065905.065 1017 1033 3252 3301 0.1043 0.0145 0.0134 

45 Region 2 Systematic R2-5 
1093361.06

9 1065991.815 1018 1029 3288 3366 0.0433 0.0104 0.0246 

46 Region 2 Systematic R2-6 
1093402.44

6 1066078.565 0846 0936 2753 2815 0.1059 0.0143 0.0162 

47 Region 2 Systematic R2-7 
1093443.82

4 1066165.314 0850 0934 3608 3636 0.0730 0.0131 0.0243 

48 Region 2 Systematic R2-8 
1093485.20

1 1066252.064 0852 0934 2745 2789 0.0180 0.0124 0.0566 

49 Region 2 Systematic R2-9 
1093526.57

9 1066338.814 0853 0929 3432 3456 0.0579 0.0167 0.0153 

71 Region 3 Systematic R3-1 
1092515.68

6 1064283.671 0850 0920 6373 6485 0.0757 0.0124 0.0075 

80 Region 3 Systematic R3-10 
1092778.66

1 1064925.885 0905 0956 5786 5985 0.0107 0.0153 0.0522 

Region 3 Duplicate 
R3-10-
DUP 

1092778.66
1 1064925.885 0905 0956 N/A   N/A 0.0030 0.0250 0.0590 

81 Region 3 Systematic R3-11 
1092738.86

5 1064842.451 0906 1001 6663 7253 0.0265 0.0165 0.0453 

82 Region 3 Systematic R3-12 
1092658.50

8 1064771.668 0931 1031 4644 4880 0.0409 0.0238 0.0787 

83 Region 3 Systematic R3-13 
1092643.99

2 1064724.335 0930 1033 5312 5844 0.0326 0.0119 0.0554 

84 Region 3 Systematic R3-14 
1092539.88

8 1064425.286 0909 1016 5632 5920 0.0280 0.0076 0.0116 

85 Region 3 Systematic R3-15 
1092527.32

6 1064584.899 0911 1013 5982 6125 0.0727 0.0187 0.0227 

86 Region 3 Systematic R3-16 
1092567.12

1 1064668.332 0912 1005 5315 5438 0.0148 0.0164 0.0398 

87 Region 3 Systematic R3-17 
1092606.91

7 1064751.766 0914 1008 5404 5424 0.0417 0.0095 0.0171 

88 Region 3 Systematic R3-18 
1092646.71

2 1064835.199 0928 1041 4814 4945 0.0161 0.0082 0.0458 

89 Region 3 Systematic R3-19 
1092686.50

8 1064918.632 0927 1044 5153 5164 -0.0083 0.0250 0.0610 

72 Region 3 Systematic R3-2 
1092552.44

9 1064265.672 0852 0924 6253 6814 0.1030 0.0223 0.0652 
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Canister # Region/Area Sample 
Type 

Location 
ID Northing Easting Start 

Time 
End 
Time 

Can Surface 
@ End Date 

Ground Surface 
@ End Date Comments Flux Uncertainty MDA 

counts per 
minute (cpm) 

counts per 
minute (cpm) pCi/m2-s pCi/m2-s pCi/m2-s 

20 Region 3 Systematic R3-20 
1092726.30

4 1065002.065 1006 1135 5145 5450 0.0212 0.0057 0.0154 

Region 3 Duplicate 
R3-20-
DUP 

1092726.30
4  1065002.065 1006 1135 N/A  N/A  0.0370 0.0099 0.0315 

91 Region 3 Systematic R3-21 
1092783.87

6 1065061.396  N/A N/A  N/A  N/A  Canister not recovered.  N/A N/A  N/A  

92 Region 3 Systematic R3-22 
1092805.89

5 1065168.932 1007 1134 4106 4919 0.0256 0.0068 0.0158 

93 Region 3 Systematic R3-23 
1092829.29

6 1065625.022 0918 1119 5670 6053 0.0020 0.0172 0.0402 

94 Region 3 Systematic R3-24 
1092802.83

3 1065555.784 0916 1116 5079 5052 -0.0020 0.0118 0.0385 

95 Region 3 Systematic R3-25 1092766.71 1065440.642 0920 1113 4830 4656 0.0054 0.0176 0.0755 

96 Region 3 Systematic R3-26 
1092746.07

6 1065368.465 0922 1109 4837 5001 0.0316 0.0175 0.0368 

97 Region 3 Systematic R3-27 1092727.93 1065267.333 0923 1105 5072 5163 0.0160 0.0081 0.0458 

98 Region 3 Systematic R3-28 
1092711.02

8 1065173.985 1024 1054 4325 4515 0.0083 0.0059 0.0385 

102 Region 3 Duplicate R3-28-D 
1092711.02

8 1065173.985 0924 1054 4183 4447 0.0250 0.0145 0.0875 

99 Region 3 Systematic R3-29 
1092700.76

4 1065086.241 1025 1053 4764 5027 -0.0200 0.0262 0.0798 

73 Region 3 Systematic R3-3 
1092592.24

5 1064349.105 0853 0927 6289 6451 0.0529 0.0099 0.0268 

100 Region 3 Systematic R3-30 
1092648.42

2 1064944.34 0926 1047  Not recorded Not recorded  0.0190 0.0070 0.0160 

74 Region 3 Systematic R3-4 
1092632.04

1 1064432.538 0855 0934 5653 5880 0.1006 0.0140 0.0075 

75 Region 3 Systematic R3-5 
1092671.83

6 1064515.971 0856 0939 6083 6463 0.0541 0.0167 0.0760 

76 Region 3 Systematic R3-6 
1092711.63

2 1064599.405 0857 0941 6188 6377 0.0753 0.0120 0.0163 

77 Region 3 Systematic R3-7 
1092751.42

7 1064682.838 0858 0944 6613 6825 0.0643 0.0126 0.0133 

101 Region 3 Duplicate R3-7-D 
1092751.42

7 1064682.838 0858 0944 6678 7214 0.0650 0.0130 0.0438 

Region 3 Duplicate 
R3-7-D-

DUP 
1092751.42

7 1064682.838 0858 0944  N/A N/A  0.0650 0.0120 0.0321 

78 Region 3 Systematic R3-8 
1092791.22

3 1064766.271 0900 0948 6695 6887 0.0825 0.0120 0.0074 

79 Region 3 Systematic R3-9 
1092831.01

9 1064849.704 0902 0951 6744 6778 0.0695 0.0343 0.1203 



Final Survey Report for Landfill OU at TLVP 
Table 11 – Results of Duplicate Measurements 

Region/Area Sample Type Location ID Northing Easting Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

Excavation B Duplicate B-H1-DUP 1093363.715 1066158.555 0.0289 0.0146 0.0314 
Region 1 Duplicate R1-8-D 1093105.325 1065430.436 0.0760 0.0299 0.1037 
Region 1 Duplicate R1-20-DUP 1092857.6 1065210.598 0.0290 0.0102 0.0321 
Region 1 Duplicate R1-30-DUP 1093169.549 1065568.165 0.0940 0.0185 0.0221 
Region 2 Duplicate R2-10-DUP 1093567.956 1066425.564 0.1000 0.0143 0.0361 
Region 2 Duplicate R2-14-D 1093141.12 1065724.025 0.0190 0.0148 0.0414 
Region 2 Duplicate R2-14-D-DUP 1093141.12 1065724.025 0.0250 0.0066 0.0119 
Region 2 Duplicate R2-19-D 1093348.008 1066157.774 0.0320 0.0242 0.0631 
Region 2 Duplicate R2-20-DUP 1093400.853 1066275.272 0.1190 0.0257 0.1043 
Region 2 Duplicate R2-28-D 1093169.436 1065976.733 -0.0090 0.0108 0.0445 
Region 2 Duplicate R2-30-DUP 1093272.676 1066144.968 0.0330 0.0081 0.0170 
Region 3 Duplicate R3-7-D 1092751.427 1064682.838 0.0650 0.0130 0.0438 
Region 3 Duplicate R3-7-D-DUP 1092751.427 1064682.838 0.0650 0.0120 0.0321 
Region 3 Duplicate R3-10-DUP 1092778.661 1064925.885 0.0030 0.0250 0.0590 
Region 3 Duplicate R3-20-DUP 1093400.853 1066275.272 0.0370 0.0099 0.0315 
Region 3 Duplicate R3-28-D 1092711.028 1065173.985 0.0250 0.0145 0.0875 



Final Survey Report for Landfill OU at TLVP 
Table 12 - QA Sample Blanks 

Sample Type Location ID Flux Uncertainty MDA 
pCi/m2-s pCi/m2-s pCi/m2-s 

Blank MB1 0.021 0.009 0.041 
Blank MB2 0.025 0.009 0.041 
Blank MBL-1 0.032 0.016 0.041 
Blank MBL-2 0.059 0.023 0.097 
Blank MBL-3 0.018 0.006 0.016 
Blank MBL-4 0.006 0.014 0.053 
Blank MBL-5 0.024 0.010 0.035 



September 17, 2020 Page 43 of 56 

U.S. Army Corps of Engineers – Buffalo District 
Tonawanda Landfill Vicinity Property – Tonawanda, NY 
Final Survey Report for the Landfill Operable Unit of the Tonawanda Landfill Vicinity Property 

Table 13 – Final Qualified Lab Data 
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