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EXECUTIVE SUMMARY 

Purpose: The purpose of this Technical Memorandum is to document the scientific methods, criteria, data, and 

findings of the Enviromnental Surveillance Program (ESP) at the Niagara Falls Storage Site (NFSS). The ESP 

quantifies and evaluates radiological, chemical, and water quality data from the environment at the NFSS. This 

program is executed by the U.S. Anny Corps of Engineers (USACE) Buffalo District in support of our mission 

to protect human health and the environment at the NFSS. This Technical Memorandum is published annually 

by the Buffalo District. 

Key Findings: This Technical Memorandum documents the evaluation of enviromnental data collected at the 

NFSS throughout the calendar year 2008. The Corps evaluation of this data indicates that measured parameters 

were within U.S. Department of Energy (USDOE) guidelines and calculated exposure rates to the general 

public were well within regulatory limits. The 2008 data confirm that site controls are continuing to perform as 

designed and are fully protective of human health and the environment. 

Site Description: The NFSS is located at 1397 Pletcher Road in the Town of Lewiston, NY, approximately 19 

miles north ofBuffalo, NY. The NFSS is a Federally owned property that is 191 acres in size. The NFSS was 

originally part of a World War II explosives plant called the Lake Ontario Ordnance Works (LOOW) which 

was approximately 7,500 acres in size. Between 1944 and 1954 the Manhattan Engineer District (MED) and 

the Atomic Energy Commission (ABC) brought radioactive wastes and residues to the LOOW Site. Through 

the 1970s the AEC gradually consolidated its operations and sold excess property to the public. In the 1980s 

the US DOE constructed a I 0-acrc Interim Waste Contaimnent Structure (IWCS) on the NFSS to contain the 

radioactive wastes and residues. 

Background: In 1974, the ABC, a predecessor to the USDOE, instituted the Formerly Utilized Sites Remedial 

Action Program (FUSRAP). This program is now managed by the USACE to identify, investigate, and clean up 

or control sites throughout the United States that were part of the Nation's early atomic weapons and energy 

programs or from commercial nuclear operations that Congress has authorized to be rcmediated under 

FUSRAP. In October 1997, Congress transferred the responsibility for FUSRAP from the USDOE to the 

USACE. In addition to investigating and rcmediating site contaminants at the NFSS, the USACE has been 

given responsibility for maintaining the site and conducting the ESP. 

The ESP at the NFSS was initiated by the USDOE in 1981 to monitor radioactive waste and residues stored on 

site in the IWCS. The program included the sampling of air, water, and sediments for radiological and chemical 

parameters with the purpose of ensuring that the NFSS did not pose a threat to human health and the 

enviromncnt. The USACE has continued to follow the USDOE program with some revisions over the years. 

Modification ofthc program in 2008 reflects the findings of the recently completed Remedial Investigation (RI) 

Report (December 2007). 

Prior to transfer of the FUSRAP to the USACE in 1997, the US DOE prepared repmts based on US DOE Orders 

and guidance. USDOE Orders are not applicable to the activities of the uSACE as the USACE is not under the 

authority or direction of the USDOE. However, the surveillance data continues to follow a format similar to 

that of the previous USDOE reports to provide the reader with consistent presentation of data and to facilitate 
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historical comparison between reports. 

In December 2007, the US ACE Buffalo District completed a RI Report that defined the nature and extent of 

contaminants on the NFSS and assessed their potential long-term risks. Based upon findings from this 

investigation and public input, the US ACE fmther enhanced the ESP to ensUl'e the protection of human health 

and the environment (Section 1.2 ESP Enhancements for 2008). 

Additional information about the site and the ESP is available on the USACE Buffalo District website: 

http://www.h·b.usace.mmy.mil/fusrap/nfss/index.htm 

Scope: The 2008 Environmental SU!'veillance Technical Memorandum presents the results of data obtained 

from samples collected during the 2008 monitoring program. To assess the data, the report compares the 

surveillance data with local background conditions and regulatory criteria. The structure ofthe report follows 

the format of previous US DOE reports to provide the reader with a consistent presentation of the data and to 

facilitate the interpretation of historical trends. 

The Technical Memorandum provides a comparative analysis of local background conditions and regulatory 

criteria to results reported for external gamma radiation and for samples from the media investigated (including 

airborne radon gas, airborne particulates, surface waters, sediments, and groundwater). Data tables and figures 

referenced in the text are included at the end of the Technical Memorandum. 

Evaluation of Data: The USDOE and U.S. Environmental Protection Agency (USEPA) guidelines are cited 

throughout this report to aid in the evaluation of environmental data. This memorandum compares data with 

US DOE guidelines because the USDOE has "property accountability" for the site. The guideline values do not 

represent cleanup criteria of a long-tetm remedy for the contaminants at the NFSS. 

Results of the 2008 surveillance program at NFSS continue to show that measUl'cd parmneters of the 

surveillance program did not exceed USDOE guidelines and, dose rates of potential off-site radiation exposure 

to the public did not exceed USDOE or USEPA limits. 

Radiological parameters including uranium, thorium, and radon isotopes in air, surface water, and sediments 

were all within USDOE limits, and radon flux measurements from the IWCS were within USEPA standards. 

Groundwater concentrations of radiological pm·ameters were also well below US DOE guidelines. 

As in the past, findings for total uranium levels in groundwater continue to exceed the USEP A safe drinking 

water concentration limits per their Safe Drinking Water Act (SDWA) maximum contaminant levels (MCLs) at 

seven groundwater monitoring well locations. These wells consist of two monitoring wells from the original 

surveillance program and five wells added to the program in 2008 based on elevated findings from the 

Remedial Investigation (NFSS Remedial Investigation Report, December 2007). Since the NFSS is not a 

source of drinking water, MCLs are presented for comparative pmposes only. Analytical results for sodium 

and sulfates, as observed in previous reports, were found to he consistently above New York State Depmtment 

ofEnvirornnental Conservation (NYSDEC) groundwater standards in on-site wells and background samples. 
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Long-Term Remedy: In addition to executing the ESP at the NFSS, the USACE Buffalo District is executing 

an environmental investigation to determine the long-term remedy for the contaminants at the NFSS. This 

investigation is being conducted in accordance with the Federal cleanup process created by Congress and 

developed by the USEP A. This process was authorized under the Federal Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA). A summary of this process and the anticipated 

schedule for completion at the NFSS is provided below (Note: The anticipated long-term schedule is subject to 

change depending on many factors including annual funding, public input, and execution of work.) 

The nature and extent of contamination and an assessment of associated risks are documented in the Rl Report 

which was published in December 2007. The results of this investigation arc being used to enhance the ESP to 

ensure the site is continually and fully protective of human health and the environment sunounding the NFSS. 

-Addition of groundwater wells, surface water and sediment locations have been added for the 2008 ESP based 

on fmdings from the Rl to further evaluate areas affected by past storage and handling of materials at NFSS. 

- An Addendum to the Rl Report is being prepared in response to c01nments received on the report. 

-A Feasibility Study is being performed for the IWCS to identify, define the scope, and evaluate a wide range 

of long-term remedies to address the FUSRAP-related material in the structure. 

- The USACE will identify and document a prefened long-term remedy (the Proposed Plan) for the IWCS. 

-Additional Feasibility Studies and Proposed Plans for the site soils and infrastructure, and groundwater will 

follow. 

-After public comment on the Proposed Plans, the USACE will select a long-term remedy for the IWCS, site 
soils and infi·astructure, and groundwater and document this decision in their respective Record of Decisions 
(RODS). 

- Following completioh of the RODS, the US ACE will implement the long-term remedy through remedial 
design, construction, operations, and any required long-term monitoring. 

3 
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1.0 INTRODUCTION 

The Niagara Falls Storage Site (NFSS) is located in the Town of Lewiston in northwestern New York State, 

nottheast of Niagara Falls and south of Lake Ontario (Figure 1, Appendix A). NFSS is approximately 191 

acres (77 hectares) in size which includes: one former process building (Building 401), one office building 

(Building 429), au equipment shed (Hitmau Building), a new storage shed for maintenance equipment, and a 

9.9 acre ( 4 hectares) interim waste containment structure (IWCS). The property is fenced, and public access is 

restricted. 

Land use in the region is primarily rural residential; however, the site is bordered by a state and Federally 

regulated chemical waste disposal facility to the north, a solid waste disposal facility to the cast and south, and 

a National Grid Power Cotporation right-of-way to the west. A commercial greenhouse is operated just south 

of the site and a recreational campground is located southwest of the site. The nearest residential areas arc 

approximately 3,281 feet (ft) (1-km) west, southwest of the site; the residences are primarily single-family 

dwellings. 

Beginning in 1944, the NFSS was used as a storage facility for radioactive residues and wastes. The residues 

and wastes are the process by-products of uranium extraction from pitchblende (uranium ore). The residues 

originated at other sites and were transferred to the NFSS for storage in buildings, on-site pits, and surface 

piles. 

Since 1971, activities at NFSS have been confined to residue and waste storage and remediation. On-site and 

off-site areas with residual radioactivity exceeding U.S. Depmtment of Energy (USDOE) guidelines, were 

remcdiated by the USDOE between 1955 and 1992; materials generated during remedial actions 

(approximately 255,050 yd3 or 195,000 m3
) are encapsulated in the IWCS, which is specifically designed to 

provide interim storage of the material. 

1.1 Measured Parameters 

The key elements of the 2008 environmental surveillance program (ESP) at NFSS were: 

• measurement of external gamma radiation; 

• measurement of radon gas concentrations in air (combined contributions from radon-220 and radon-222); 

• monitoring ofradon-222 flux (rate ofradon-222 emission from the IWCS); 

• calculation of external gamma dose to off-site receptors from radiation originating at the site (Appendix B); 

o analysis of airbome emissions from site soils and resultant doses to off-site receptors (Appendix C); 

• sampling and analysis of smface water for isotopic uranium (U-234, U-235, U-238) and total uranium 

(smn of these three isotopes), isotopic thorium (Th-228, Th- 230, Th-232) and total thorium (sum of these 

three isotopes) and isotopic radium (Ra-226, Ra-228) (referred to collectively as radioactive constituents); 

o sampling and analysis of streambed sediments for radioactive constituents; and 

o sampling and analysis of groundwater for radioactive constituents, metals, and water quality parameters. 

4 
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1.2 ESP Enhancements for 2008 

The bullets below summarize the recent enhancements to the ESP based on Remedial Investigation (RI) fmdings 

that will be reported and evaluated in the 2008 Technical Memorandum. 

• the addition of ten gronndwater-monitoring well locations for radiological, chemical, and water quality 

parameters (Appendix A: Table 1 b, pg T -8 and Figure 2, pg. F-2); 

• the addition of five streambed surface water and sediment locations (three of which are located in the West 

Drainage Ditch) for radiological, metal and chemical parameters (Appendix A: Table lc, pg. T-9 and 

Figure 2, pg. F-2); and 

• the addition of a fall round of gronndwater, and streambed surface water and sediment sampling. 

1.3 Unit Conversions 

The tables in Appendix A (Table A.l and A.2, Page T -1) list the units of measurement and appropriate 

abbreviations used in this document. Conventional units for radioactivity are used because the regulatory 

guidelines are generally provided in these tctms. 

5 
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2.0 REGULATORY GUIDELINES 

The primmy regulatory guidelines that affect activities at FUSRAP sites are found in Federal statutes and in 

Federal, State, and local regulations. Rcgulatmy criteria that were used to evaluate the results of the 2008 ESP 

at NFSS are summarized below, categmized by media and parameters. In several cases USDOE guidelines 

continue to be identified in the technical memorandum for comparison purposes of histmical data collected by 

USDOE or their contractors. The U.S. Army Corps ofEngineers (USACE) is not under the authori1y ofthe USDOE 

orders or directives and can rely on other applicable Federal or State regulations in relation to smveillance of the 

IWCS. The values are for comparison only. 

2.1 External Gamma Radiation and Air (Radon Gas and Airborne Particulate) 

The regulatory guideline criteria used in evaluation of the calculated maximum doses from cxtcmal gamma 

radiation and inhalation of radioactive particulate and the measured concentrations of radon gas include 

USDOE guidelines, United States Environmental Protection Agency (USEPA) standards, and USEPA 

guidance. 

2.1.1 USDOE Order 5400.5 (January 1993) 

Dose limits for members of the public from USDOE operations at USDOE-owned and USDOE-opcrated 

facilities are presented in this USDOE Order. The primary dose limit is expressed as an effective dose 

equivalent. The limit of I 00-mrem total effective dose equivalent above background in a year from all sources 

(excluding radon) is specified in this Order; cxtemal gamma radiation dose and the calculated doses from 

airborne particulate releases arc included in the calculation of the effective dose equivalent total. Also, this 

calculation includes contributions from other pathways, such as ingestion. 

USDOE limits for radon concentrations in air from USDOE operations at USDOE-owned and USDOE­

opcratcd facilities are also presented in Order 5400.5. Based on the radioactive constituents in the wastes 

contained in the IWCS, it is unlikely that radon-220 would be emitted from the IWCS since the radon-220 half­

life is approximately 55.6 seconds and this isotope would decay prior to permeating through the IWCS cap. It 

is, however, possible that radon-222 with a half-life of 3.8 days could be emitted. The USDOE limits for 

radon-222 concentrations in the atmosphere above facility surfaces or openings in addition to background 

levels are: I 00 pCi/L at any given point; an annual average concentration of30 pCi/L over the facili1y site; and 

an annual average concentration of 3.0 pCi/L at or above any location outside the facili1y site. To provide a 

consetvative basis for comparison, on-site radon concentrations are evaluated against the off-site limit of3.0 

pCi/L. 

2.1.2 USEP A Standards and USEP A Guidance 

Radon 

The USEPA also has a guidance action level of 4.0 pCi/L for radon concentrations for indoor air (homes and 

buildings), providing another conservative basis for comparison. Although these limits are specific to indoor 

6 



ESTM 2008 -NFSS 

air, they provide a conservative basis for comparison to the outdoor air results obtained during environmental 

surveillance activities, for details see Appendix C. For fmther comparison, the average radon level in U.S. 

homes is about 1.25 pCi/L and the average outdoor value is 0.4 pCi/L (USEPA 1993). 

Clean Air Act 

Section 112 of the Clean Air Act authorized the US EPA to promulgate the National Emission Standards for 

Hazardous Air Pollutants (NESHAPs) which are given in 40 CFR 61. Compliance with Subpatt H (for non­

radon, radioactive constituents) is verified by applying the USEPA-approved CAP88-PC model. Compliance 

with Subpart Q is verified by annual monitoring of the IWCS for radon-222 flux (Appendix A, Table B, Page 

T-1). 

2.2 Sediment, Surface Water, and Groundwater- Radioactive and Chemical Constituents 

Federal regulatory criteria (Appendix A, Table C and D, Page T-2 -6) for evaluating the measured 

concentrations of radionuclides and chemicals in sediment, surface water, and groundwater at NFSS are as 

follows. 

2.2.1 USDOE Order 5400.5 (January 1993) 

This Order provides guideline limits for radioactive contaminants in water and soil at USDOE-owned and 

USDOE-opcratcd facilities. These limits are known as the USDOE derived concentration guide (DCG). The 

USDOE DCG for drinking water is used to compat·e against those radiological findings for surface water and 

groundwater. USDOE historically applied the residual soil cleanup guideline criteria specified in USDOE 
Order 5400.5 to sediments. However, those values are provided for comparative purposes only. Applicable or 

relevant and appropriate requirement ARARs and media-specific cleanup goals will be evaluated independently 

and presented in future CERCLA decision documents that will be available for public comment. 

Section 5.5 presents the data for this 2008 Technical Memorandum and describes the basis for comparisons 

with USDOE Order 5400.5 limits in detail. 

2.2.2 Safe Drinking Water Act (SDWA) 

The Safe Drinking Water Act (SDWA) is the primary Federal law applicable to the operation of a public water 

system and the development of drinking water quality standards [ USEPA Drinking Water Regulations and 

Health Advisories (USEPA 1996)]. The regulations in 40 CFR Part 141 (National Primary Drinking Water 

Regulations) set maximum permissible levels of organic, inorganic, radionuclides (including uranium and 

combined radium) and microbial contaminants in drinking water by specifying the maximum contaminant level 

(MCL) for each. In some cases, secondaty maximum contaminant levels (SMCLs ), which are not federally 

enforceable ( 40 CFR 143.1 ), are provided as guidelines for the states. SMCLs are provided for a conservative 

comparison of analytical results and to provide consistency with previous reports and facilitate trend analysis. 

7 
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The established (promulgated) MCL for combined concentrations ofradium-226 and radium-228 is 5 

pCi/L. The USEPA National Primary Drinking Water Regulation for Radionuclides (Final Rule- effective 

2003) states a MCL of 30 11g1L for total uranium. Thorium 228, 230 and 232 utilize an adjusted gross 

alpha MCL of 15 pCi/L excluding radon and uranium (National Primary Drinking Water Regulations; 

Radionuclidc; Final Rule (Federal Register December 7, 2000). The appropriate standard for thorium 

isotopes is the gross alpha MCL of 15 pCi!L; this MCL includes the concentration ofradium-226 but 

excludes radon and uranium isotopes. The adjusted gross alpha MCL for thorium is used for comparison 

as it is more conservative than the individual USDOE DCG ofthorium-228 (400 pCi/L), thorium-230 (50 

pCi/L) and thourim-232 (300 pCi/L) 

Although groundwater at NFSS is not used as a public drinking water supply due to its poor water quality and 

the availability of public water, MCLs for drinking water are used as a conservative basis for evaluation of 

analytical results, maintaining consistency with previous reports and facilitating trend analysis (Table C and D 

in Appendix A, TABLES section, pages T -2 - 6). 

2.2.3 Groundwater- Water Quality 

Shallow groundwater resources at NFSS demonstrate uniformly poor groundwater quality and availability in 

the general region. Regional studies and studies conducted near the site (La Sala 1968, W chran 1977, and 

Acres American 1981) conclude that groundwater quality is poor ncar the site because of high mineralization 

(see Section 5.6.2.2 Water Quality Parameters). Additionally, local studies (Wchran, 1977 and Acres 

American, 1981) indicate that the permeabilities ofthe shallow groundwater systems arc sufficiently low that it 

is not practicable to obtain groundwater from these systems for water supply. On-site permeability testing at 

NFSS confirms the low permeabilities. 

The USDOE conducted a well survey in 1988 and inventoried eight wells within 4.8 krn of the site, none of 

which were reported as being used for drinking water but mainly for irrigation (US DOE 1994b ). In 2007, the 

Niagara County Department of Health (DOH) updated its well inventory to include 9 potable wells (two of 

which were a sole source for drinking water), 8 non-potable wells, 20 abandoned wells and 77 idle wells within 

the survey area. Based on the USDOE report and recent Niagara County DOH, groundwater is not the main 

source of drinking water; however the NYSDEC Class GA groundwater standards were conservatively used to 

compare analytical results. Groundwater at NFSS consistently exceeds sodium and sulfate Class GA standards. 

Both the shallow and deep groundwater units at the NFSS exhibit over 1000 mg!L Total Dissolved Solids 

(TDS) and the deep groundwater commonly over 100 mg/L Chloride, which indicates that the site groundwater 

can be classified as saline or Class GSA (NYCRR 701.16). 

Although groundwater at NFSS is not a public drinking water supply, State and Federal standards (Appendix A, 

TableD, pg. T-3) are used as a basis for evaluation of chemical analytical results. 

2.2.4 New York State Department ofEnvironmental Conservation (NYSDEC) Water Quality Criteria 

for Groundwater 

NYSDEC has adopted the Federal SDWA standards into its own regulations in Title 6 New Yorlc Codes of 
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Rules and Regulations (NYCRR) Parts 700-705, "Water Quality Regulations for Surface and Groundwater" 

(NYSDEC 1996). In addition, NYSDEC has independently established standards for some constituents. To 

apply established standards, the State ofNew Yorlc categorizes groundwater resources by groundwater quality 

and use. 

The Division ofWater Technical and Operational Guidance Series (TOGS) specifically address source drinking 

water standards (NYSDEC -{) NYCRR Part 703 Surface Water and Groundwater Quality Standards and 

Groundwater Effluent Limitations (August 1999)). These standards have been used to establish additional 

Class GA (related, conservative case) state water quality standards for comparison of analytical results. 

2.2.5 New York State Department of Environmental Conservation (NYSDEC) Sediment Chemical 
Criteria 

New York State rcgulatmy criteria for evaluating sediment (Appendix A, TableD, PageT -3) concentrations of 

chemical constituents at NFSS is title 6 of the Office Compilation of New York Codes, Rules and Regulations 

Patt 3 75 ( 6 NYCRR 3 75) unrestricted and restricted use (industrial) soil clean up objectives. This soil clean up 

objective criteria is utilized for comparison purposes as there are no concentration guidelines for sediment. 

Unrestricted use values from 6 NYCRR 375 for certain metal and polycyclic aromatic hydrocarbons 

constituents are based on a survey of soil background concentrations. It should be noted that sediment 

background concentrations would differ from soil background in many instances. 

9 

L 



ESTM 2008 -NFSS 

3.0 SAMPLING LOCATIONS AND RATIONALE 

Radioactive materials that exceed USDOE cleanup guidelines at NFSS are stored in the IWCS. Exposure of 

members of the public to this radioactively contaminated material at NFSS is unlikely because of site access 

restrictions (e.g., fences) and engineering controls (e.g., pile covers). However, potential pathways to residual 

radioactivity that may exist outside the IWCS include direct exposure to external gamma radiation aod 

inhalation of air containing radon or radioactively contaminated particulates from site soils; and contact with, or 

ingestion of, contaminated surface water, streambed sediments, or groundwater. The ESP at NFSS has been 

developed to provide surveillance of these exposure routes through periodic sampling and analysis for 

radioactive and chemical constituents. Figure 2 (Appendix A, pg. F-2) presents sampling locations and media 

associated with the ESP at NFSS. Figure I (Appendix A, pg. F-1) shows those backgronud locations for 

external gamma, radon gas aod radon flux (radon-222) monitming. A summary of the ESP at NFSS for 

external gamma radiation, radon gas, radon flux, surface water, scdiroent, and groundwater cao be found in 

Appendix A, Tables la-c, pages T-7 thru T-9. 

External gamma radiation monitoring and radon gas measurements occur at fence line locations surrounding the 

l'I'FSS as well as interior portions of the site, including the perimeter of the IWCS, to assess potential exposures 

to the public and site workers. Measurement of radon-222 flux is conducted annually at discrete grid 

intersections on the IWCS. See Appendix A, Figure 2, pg. F-2 for radiological monitoring (gamma and radon) 

locations at the site and radon-222 sample locations on the IWCS. 

Groundwater monitoring wells have been selected to assess groundwater quality in areas representing 

background, potential source-areas (e.g., near the IWCS and past radiologic material storage areas), and down 

gradient (on-site) areas in the upper water-bearing zone (Appendix A, Figure 2, page F-2). Groundwater 

monitoring includes analysis for radioactive constituents, water quality parameters, and metals. Monitoring 

wells screened in the upper water-bearing zone (Appendix A, Figure 7, page F -7) would provide the earliest 

indication in the unlikely event of a breach of the IWCS. The glacio-lacustline clay aquitard that hydraulically 

separates the upper and lower water-bearing zones will mitigate potential contaminant transport into the lower 

zone. The lower groundwater system was not monitored because past analytical results and recent RI results 

indicate there are no gronudwater contaminant plumes, or constituents in excess ofMCLs, in the lower water­

healing zone. However, to ensure that RI findings represent baseline conditions in the lower water-bearing 

zone, well OW04Ahas been included in the environmental surveillance program, starting in 2008, as a down­

gradient monitoring point for the IWCS. 

Surface water and streambed sediment sampling of radioactive constituents is conducted along the drainage 

ditch system in upstream, on site, and downstream locations (Appendix A, Figure 2, page F-2) to assess the 

migration of constituents in these media should any occur. 
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4.0 SURVEILLANCE METHODOLOGY 

Under the NFSS ESP, standard analytical methods approved and published by USEPA and the American 

Society for Testing and Materials (ASTM) are used for chemical (i.e., all non-radiological) analyses. The 

laboratories conducting the radiological analyses adhere to USEP A-approved methods and to procedures 

developed by the Environmental Measurements Laboratory (EML) and ASTM. A detailed listing of the 

specific procedures and the data quality objectives for the surveillance program is provided in the 

Environmental Surveillance Plan (USACE, June 2008). 

All2008 environmental surveillance activities at NFSS were conducted in accordance with the Environmental 

Surveillance Plan (USACE 2008) and surveillance methodology listed in Appendix A (Table E, page T-6). 

11 
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5.0 ANALYTICAL DATA AND INTERPRETATION OF RESULTS 

This section presents the data and interpretation of results for the ESP at NFSS. The data for the 2008 ESP are 

presented in Tables 2 through 11 (Appendix A). Trend graphs, summarizing analytical results for air, 

streambed sediment (spring collection data), surface water (spring collection data) and groundwater (spring 

collection data) for 2008 and the preceding ten years, arc presented in Figures 9 through 26 (Appendix A). 

In data tables containing analyses for radioactive constituents, some results may be expressed as negative 

numbers. Negative numbers can occur in the results when the average background activity of the laboratmy 

counting instmment exceeds the measured sample activity. A negative result is generated when the instmment 

background activity is subtracted fi-om the sample activity. For the purposes of interpretation, all values below 

the minimum detectable activity (MDA) arc interpreted as having an unknown value between zero and the 

MDA. Therefore, a result below the MDA is referred to as a non-detected result in the text discussion. 

Gross data results for surface water, sediment, and groundwater are compared to the US DOE soil guideline 

limits (for sediment) and DCGs (for surface water and groundwater), and are used in the assessment of potential 

impact. The analytical results including site background results are provided in the data tables. However, for 

simplicity of presentation, only the gross analytical results (without the background subtracted) are discussed in 

the text of this document. 

Historical ranges in background concentrations for each radioactive analyte arc determined from background 

sampling results from 1992 to 2008, unless otherwise noted. For gamma dose rates subtracting the calculated 

background from the sampling results for 2008 then gives an estimate of the above-background dose rate at 

each location; see Table 2 External Gamma Radiation Dose Rates (Appendix A, page T -7). When background 

is subtracted from the sampling result, it is possible that a negative number will be obtained much the same as a 

negative value may be obtained when the laboratory subtracts instrument background from a sample 

measurement. 

Well B02W20S was selected to represent on-site background because it is distant from and not down-gradient 

of the IWCS. Additional background groundwater was sampled in 2003 from wells hydraulically up-gradient 
from operations at the adjacent property of Modern Landfill. Since these data, compiled for the Rl, were 

comparable to historic groundwater concentrations from B02W20, this well was verified to be representative of 
on-site background conditions. 

Some of the historical data from NFSS used a method for analysis of total uranium, which yields results in 

micrograms per liter (~-tg/L ), or parts per billion and micrograms per gram 1-tg/g or parts per billion for water and 

sediment samples, respectively. To allow direct comparison of results to the DCGs and soil guidelines, the data 

was converted to pCi/L and pCi/g, as appropriate. The specific activity for total uranium in drinking water 

sources has been estimated to be about 0.9 pCil~-tg (USEPA 2000), which is the factor used to convert 

groundwater data from ~-tg/L to pCi/L in this report. The specific activity for total uranium in soil sources is 

estimated to be 0.67 pCil~-tg (USEPA 2000). 
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5.1 External Gamma Radiation 

External gamma radiation dose rates are measured using optically stimulated luminescence (OSL) dosimeters 

continuously for the year. OSL dosimeters replaced thermo luminescent dosimeters (TLDs) for 2008. OSL 

results for the 2008 external gamma radiation dose (both raw and corrected data) are presented in Table 2 

(Appendix A, Tables, External Gamma Radiation at NFSS). 

The data are used to calculate the external gamma radiation dose rate at both the nearest residence and the 

nearest commercial/industrial facility to determine the hypothetical maximally exposed off-site individual 

(MEl). The dose rate is a function ofthe site fence line dose, the distance ofthe individual from the fence line, 

and the amount of time the individual spends at that location. Results ofthis calculation arc expressed as a dose 

to the individual in nucm for the year. 

Distances to off-site receptors are based on the findings of a year 2005 canvas of areas near the site. Based on 

external gamma radiation results, the hypothetical MEl is a resident located 500ft (152.4 meters) from the 

western perimeter fence, southwest of the site that received a dose of 0.005 nuem for calendar 2008. The 

hypothetical dose to the nearest off-site worker located 1,020 ft (310.9 meters) cast of the site is 0.003 mrem 

for calendar year 2008. Appendix B, Calendar Year (CY) 2008 Calculation of External Gamma Radiation 

Dose Rates for Niagara Falls Storage Site, Section 4.1 contains all pertinent calculations. External gmmna dose 

rates fi"om the NFSS andiWCS perimeters from 1998 thru 2008 are presented in Figures 9 and 10 of Appendix 

A. Both doses are well below the USDOE guideline of I 00 mrem/year for all pathways, excluding radon. 

5.2 Radon Gas 

Radon monitoring at NFSS is performed at a height that is representative of the human breathing zone (5.6 ft or 

I. 7 meters above ground level). Radon concentration diminishes significantly as distance from the ground 

increases and mixing with ambient air takes place. 

Based on the radioactive constituents in the wastes contained in the IWCS, it is unlikely that radon-220 would 

be emitted from the IWCS; however, it is possible that radon-222 would be emitted. Air surveillance is 

conducted to determine the concentration of radon gas at NFSS using Radtrak® detectors that arc designed to 

measure alpha particle emissions fi"om both isotopes of radon (radon-220 and radon-222) and to collect passive, 

integrated data tlu·oughout the pCiiod of exposure. Because radon-220 is not a contaminant of concern at NFSS 

(due to the relatively low concentrations ofradium-228 and the short half-life ofradon-220), all concentrations 

are conservatively assumed to be radon-222. Results of semiannual monitoring for 2008 are presented in 

Appendix A, Table 3, pg. T -11. The corresponding smvcillance locations are shown in Appendix A, Figure 2, 

pg. F-2. 

Consistent with results from previous years, all site radon-222 results from the 2008 ESP were well below the 

USDOE off-site limit of3.0 pCi/L above background. Results presented are without background subtracted 

and ranged from non-detect (less than 0.2 pCi/L) to 0.3 pCi/L. The background locations results were all non­

detect (less than 0.2 pCi/L). Site average of0.21 pCi/L (non-detects included in average) is comparable to that 

ofthc background average ofless than 0.2 pCi/L and to that of the average outdoor value of0.4 pCi/L (US EPA 
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1993). Radon concentrations at the NFSS perimeter for the 1 ''and 2"d half of the year are presented in Figures 

11 and 12 respectively. Radon concentrations at the IWCS perimeter for the 1"' and 2"d half of the year are 

presented by Figures 13 and 14 respectively. 

5.3 Radon-222 Flux 

Measurement of radon-222 flux provides an indication of the rate of radon-222 emission from a surface. 

Radon-222 flux is measured with activated charcoal canisters placed at 49.2 ft (15-mctcrs) grid across the 

surface of the IWCS for a 24-hour exposure period. Measurements for 2008 are presented in Table 4; 

measurement locations are shown in Figure 2, Appendix A. 

Measured results for 2008 ranged from non-detect to 0.23490 pCilm2/s, with an average (of detects and non­

detects) result of0.05368 pCilm2/s (Appendix A, Table 4). Background measured results indicated one finding 

of0.05763 pCi/m2/s and two non-detect findings at 0.01054 and 0.02055 pCi/rn'/s. As in previous years, these 

results are well below the 20.0 pCilm2/s standard specified in 40 CPR Part 61, Subpart Q, as well as comparable 

to background and demonstrate the effectiveness ofthe containment cell design and construction in mitigating 

radon-222 migration. 

5.4 Airborne Particulate Dose 

To determine the dose from airborne particulates potentially released limn NFSS during 2008, airborne 

particulate release rates were calculated using RI soil data (collected between 1999 and 2004), and weather data 

for the year 2008 from the National Weather Service (Niagara Falls International Airpmt). Contributions from 

radon gas, which is not a particulate, are not considered in this calculation. The total airborne particulate 

release rate is input into the USEP A's CAP88-PC (Version 3 .0) computer model to perform two calculations: 

1. The first calculation estimates resultant doses from airborne patticulatcs to hypothetical individuals at the 

distances to the nearest residences and to the nearest commercial/industrial facilities as measured from a 

central location on site. Hypothetical doses are then conected for commercial/industrial facility 

occupancy at an assumed rate of 40 hours/week for 50 weeks/year. Residential occupancy is assumed to 

be full-time (i.e., 24 hours/day and 365 days/year [366 days for a leap year]). The hypothetical individual 

receiving the higher of these calculated doses is then identified as the hypothetical MEl for airborne 

particulate dose. 

2. The second calculation estimates the hypothetical airborne particulate collective dose to the population 

within 50 miles (80 km) of the site using a population file (2000 census data for New York State and 

200 I census data for the Province of Ontario) to determine the number of people in circulm· grid sections 

radiating to 80 km from the center of site. 

The first calculation (Appendix C) indicates that the 2008 airborne particulate dose to the hypothetical MEI, a 

home resident, 2,999 ft (914 meters) south-southwest of the site, was 0.0016 rmem. These values arc well 

below the 10 nn·em per year standard, individual dose, specified in 40 CPR, Part 61, Subpart H, and the 

USDOE Order 5400.5. The second calculation indicates that the hypothetical airborne particnlate collective 
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dose to the population within 50 miles (80 km) of the site was 0.047 person-rem. This compares to a yearly 

background dose to the same population of 5,425,000 person-rem, (see Figure 8, Appendix A, and note that the 

US per capita dose from background radiation has been increased to 620 mrem/person mainly due to increased 

usc of nuclear medical imaging). Details of the calculations, including methodology are presented in Appendix 

C (FUSRAP CY 2008 NESHAP ANNUAL REPORT FOR NIAGARA FALLS STORAGE SITE). 

5.5 Surface Water and Sediment 

In 2008, as mentioned in section: 1.2 ESP Enhancements for 2008, the fall sampling event was added in 2008 

making sampling biannual (spring and fall) for surface water and sediment. In addition to the biannual sampling 

five new locations were added to the surface water and sediment locations, bringing the number of sampling 

points to ten. Samples were collected at: SWSD009, SWSD021, SWSD023 (added in2008) and SWSD024 

(added in 2008) at the upstream fence line; SWSDO I 0 and SWSD022 on site along the central drainage ditch; 

SWSDOll, downstream along the central drainage ditch; and WDDI, WDD2 and WDD3 along the west 

drainage ditch (all tln·ee added in 2008) outside of the site perimeter fence. Surface water and sediment 

sampling location SWSD009 was selected as a background location because it is at the upstream boundmy of 

the South 31 drainage ditch, which eventually joins the central drainage ditch. Surface water and sediment 

sampling location SWSD021 was selected as a background location because it is located upstream, along the 

NFSS fence line, where the central drainage ditch first enters the property. Sampling locations are presented in 

Figure 2, Appendix A. 

Surface water and sediment samples were analyzed for radiological analytes (radium-226, radium-228, 

thorium-228 (added in 2008) thorium-230, thorium-232, uranium-234, uranium-235, and uranium-238), 

metals, volatile organic compounds (VOCs ), polycyclic aromatic hydrocarbons (P AHs ), polychlorinated 

biphenyls (PCBs) and pesticides. Metals and the organics (VOCs, PARS and PCBS) are new to the ESP 

program for 2008. The 2008 spring and fall envirornuental surveillance analytical results for surface water and 

sediment samples are presented in Appendix A, Tables 6 thru 9, respectively. Analytical results for surface k 
water in 2008 are compared with the USDOE DCGs, National Primary Drinking Water Regulations and New •---• 

Y ark State (NYS) Water Quality Criteria. 

Because there arc no radiological established limits for sediments, USDOE historically used the surface soil 

criterion of 5 pCi/g as a basis of comparison of radium-226, radium-228, thorium-230 and thorium-232 

analytical results, and the derived site-specific criterion of 90 pCi/g for total uranium in surface soil. For 

comparison of organic (VOCs, P AHs and Pesticides) and inorganic (Metals) constituent frndings in sediment 

New Y ark State soil cleanup objectives (6 NYCRR PART 375- Tables 375-6.8 a and b) for unrestricted use 

and restricted usc (industrial) arc utilized. 

Radiological background concentrations were determined by comparing 2008 analytical results for the !-
appropriate constituents at surface water/sediment sampling locations SWSD009 and SWSD021, which are 

viewed as background since they are collected at the site boundary where sutface water flows on to NFSS from 

offsitc. 
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5.5.1 Surface Water 

5.5.1.1 Surface Water Radiological Findings 

In 2008 both the spring and fall (added in 2008) surface water radiological analytical results were consistently 

less than the USDOE DCGs, and generally indistinguishable from historical spring sampling background 

(upstream) concentrations. In 2008, surface water analytical results were less than the SDWA MCLs. The 

2008 radiological results for the smface water were generally slightly lower or comparable to past results 

(spring sampling findings) with the exception of2004 results for sampling location SWSD010 which were 

elevated due to the turbidity ofthe sample. Figure 2 (Appendix A, pg. F-2) shows those locations sampled for 

surface water. Measured results (on-site background locations SWSD021 and SWSD009 arc not subtracted) 

are provided (Appendix A, Tables 6 and 7) and discussed below: 

• The 2008 analytical results for radimn-226 concentrations in surface water are consistent with historical 

spring sampling results and are indistinguishable from on-site background. Radium-226 results from 

upstream (on-site background) locations were: 

Ra-226 Background Findings (pCi/L) in 2008 

Location Spring Fall 

SWSD009 Non-Detect 0.281 

SWSD021 Non-Detect Non-Detect 

The findings compare favorably with the historical spring sampling (1997 to present) background. 

The 2008 spring and fall results of analysis for radium-226 in samples collected at locations WDD 1, 2, and 

3, and SWSD010, 11, 22,23 and 24 were: 

2008 Spring Ranges: non-detect to 0.564 pCi/L 

2008 Fall Ranges: non-detect to 0.884 pCi!L 

The radium-226 US DOE DCG is I 00 pCi!L. 

Total radium (Ra-226 and Ra-228) concentrations in surface water arc below the SDWA limit (5 pCi/L) 

and the USDOE DCG (100 pCi/L), as shown in Figure 15 fi·om 1997 to 2008 (spring collection data 

trended). 

• The 2008 on-site analytical results for radium-228 concentrations in surface water are consistent with 

historical spring sampling results and are indistinguishable from on-site background. Radium-228 results 

from on-site background locations SWSD009 and SWSD021 were: 

Ra-228 Background Findings (pCi/L) in 2008 

Location Spring Fall 

SWSD009 Non-Detect 0.203 

SWSD021 Non-Detect 0.693 
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The findings compare favorably with historical spring sampling (1997 to present) findings for on-site 

background that range of non-detect to 1.02 pCi/L. The 2008 results for radium-228 in samples collected 

at locations WDDl, 2 and 3, and SWSDOlO, 11, 22,23 and 24 were: 

2008 Spring Ranges: 

2008 Fall Ranges: 

non-detect to 1.030 pCi/L 

non-detect to 1. 760 pCi/L 

The radium-228 USDOE DCG is 100 pCi/L. Total radium (Ra-226 andRa-228) concentrations in surface 

water arc below the SDWA limit (5 pCi!L) and the USDOE DCG (100 pCi!L), as shown in Figure 15 from 

1997 to 2008 (spring collection data trended). 

• Thorium-228 (added in 2008) results from on-site background locations SWSD009 and SWSD021 for 

spring and fall sampling events were both non-detect, as were samples collected at locations WDD 1, 2 and 

3, and SWSDO 10, 11, 22, 23 and 24. Thorium-228 concentrations in surface water are below the adjusted 

gross alpha MCL SDWA limit of 15 pCi/L The thorium-228 USDOE DCG is 400 pCi/L. 

• Thorium-230 results from on-site background locations SWSD009 and SWSD021 were non-detect, for 

spring and fall sampling events, and compared favorably with historical spring sampling ( 1997 to present) 

findings for on-site background that range from non-detect to 1.20 pCi/L from both background locations. 

Spring historical values for surface water SWSD009 are non-detectto 0.60 pCi/L which is considered to be 

more representative of on-site background. The 2008 results for thorium-230 in on-site samples collected 

at locations WDDl, 2, and 3, and SWSDOlO, 11, 22, 23, and 24 were: 

2008 Spring Ranges: non-detect to 1.430 pCi/L 

2008 Fall Ranges: non-detect to 0.274 pCi/L 
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Figure 16 from 1997 to 2008 (spring collection data trended). 

• Thorium-232 results from on-site background locations SWSD009 and SWSD021 were non-detect for 

spring and fall sampling events comparing favorably with the historical spring sampling (1997 to present) 

findings for on-site background that range from non-detect to 0.613 pCi/L. The 2008 results forthorium-

232 on-site samples collected at locations WDDl, 2 and 3, and SWSD010, 11, 22,23 and 24were all non­

detect for spring and fall sampling events. The USDOE DCG for thorium-232 is 50 pCi/L. 

Thorium-232 concentrations in surface water am below the adjusted gross alpha MCL SDW A limit (15 

pCi/L) and the USDOE DCG (50 pCi/L), as shown in Figure 17 from 1997 to 2008(spring collection data f-
trended). 

• Total uranium on-site analytical results for 2008 in surface water arc consistent with the historical spring 

sampling results and are indistinguishable from on-site background. Total manium from on-site 

background locations SWSD009 and SWSD021 were: 

17 



I 
f_:::_!. 

r----

ESTM 2008 -NFSS 

Total Uranium Background Findings (pCi/L) in 2008 

Location Spring Fall 

SWSD009 3.223 8.677 

SWSD02l 9.815 4.420 

The 2008 on-site analytical results for total uranium in surface water, ranged from: 

2008 Spring Ranges: 0.791 to 10.280 pCi/L 

2008 Fall Ranges: 0.964 to 6.090 pCi/L 

Findings compare favorably against the on-site background. The historical spring sampling (1997 to 

present) findings for on-site background concentration for total uranium range from 1.8 to 25.56 pCiiL 

from both background locations or 1.8 to 8.67 pCi/L from surface water location SWSD009, which is 

considered to be more representative of background. As shown in Figure 18, concentrations of total 

uranium (spring sampling findings) in surface water demonstrate a trend that is below the SDWA limit of 

30 )lg!L (27pCi/L ), with the exception of SWSDOl 0 in April2004. That single anomaly was attributed to 

greater turbidity. 

5.5.1.2 Surface Water Chemical Findings 

Surface water samples collected for organic and inorganic analysis, these analytical parameters were added in 

2008 to the ESP, arc compared against Federal SDWA MCLs and those of New York State water quality 

standards for comparative purposes as the surface water is not a drinking source. 

• 

• 

Background samples (SWSD009 and SWSD021) for metal findings were in exeeedance of one or both of 

the following: the SDW A and/or the State water quality criteria for aluminum, antimony, chromium, iron, 

manganese, sodium and vanadium. Samples collected at locations WDD 1, 2 and 3 and SWSD 010, 011, 

022, 023 and 024 were in exceedance of aluminum, antimony, iron, manganese and sodium for both spring 

and fall sampling. 

Background samples (SWSD009 and SWSD021) for volatile organic compound findings and samples 

collected at locations WDD I, 2 and 3 and SWSD 010, 011,022,023 and 024 were within SDWA and 

State MCLs with the following exception: SWSDOlO (fall) finding (7.91 )lg/L) for tetrachloroethylene 

exceeded both the SDWA and State MCL (5 J.Lg/L). 

• Polycyclic aromatic hydrocarbons have only one established MCL, therefore values will be evaluated by 

utilizing individual values and as a total value. Spring and fall background sample (SWSD009 and 

SWSD021) polycyclic aromatic hydrocarbon (P AH) compound findings were either non-detect or below 

0.5 )lg!L individually or below 0.7 )lg/L total PARs. Samples collected (spring and fall) at locations WDD 
1, 2 and 3, and SWSD 010, 011, 022, 023 and 024 were all non-detect with the following exception: 

SWSOlO had a finding for pyrene at 0.0288 )lg/L. Pyrene has no established MCL for the SDWA or State 

water quality criteria. 
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• Background samples (SWSD009 and SWSD021) for polychlorinated biphenyls (PCBs) were all non­

detect for the spring and fall. Samples collected at locations WDD 1, 2 and 3, and SWSD 010, 011, 022, 

023 and 024 were non-detect for the spring and fall. 

• Background samples (SWSD009 and SWSD021) for pesticides were all non-detect for spring and fall. 

Samples collected at locations WDD 1, 2 and 3 and SWSD 010,011,022,023 and 024 were non-detect for 

the spring and fall. SWSD023 (spring) and SWSDO I 0 (fall) had findings for Endosulfan-1 at 0.0949 and 

0.0771 f!g/L. There is no established Endosulfan-I MCL for the SDWA or State water quality criteria. 

5.5.2 Sediment 

5.5.2.1 Sediment Radiological Findings 

Concentrations ofradium-226, radium-228, thorium-228 (added in 2008), thorium-230, thorium-232, and total 

uranium in shallow sediment were less than the USDOE surface soil guidelines and were generally 

indistinguishable from on-site background conditions. At all on-site sampled locations, results were less than 

the US DOE guideline for mixtures ofradionuclides (using the sum-of-the-ratios method). Figure 2 (Appendix 

A, pg. F-2) shows those locations sampled for sediment. Measured results are presented (Appendix A, Tables 8 

and 9), and discussed below: 

• The 2008 analytical results for radium-226 in sediment arc consistent with historical spring sampling 

analytical results. Radium-226 results from on-site background locations were: 

Ra-226 Background Findings (pCi/g) in 2008 

Location Spring Fall 

SWSD009 1.000 1.180 

SWSD021 1.120 1.000 

Findings compare favorably with the historical spring sampling (fiom 1997 to present) for on-site 

background that range fi·om non-detect to 2.0 pCi/g. The 2008 results of analysis for radium-226 in 

samples collected at locations WDD 1, 2 and 3, and SWSDOIO, 11, 22,23 and 24 were: 

2008 Spring Ranges: 0.679 to 1.182 pCi/g 

2008 Fall Ranges: 0.659 to 1.680 pCi/g 

Combined radium-226 and -228 USDOE DCG is 5 pCi/g above background for surface soil. Historically 

for spring, the concentration ofradium-226 has ranged fi·om non-detect to 3.40 pCi/g. The combined Ra-

226 and Ra-228 background in surface soil from the NFSS RI Report (December, 2007) is 2.18 pCi/g. 

Therefore, the USDOE limit for residual radioactivity in surface soil is interpreted as 7.18 pCi/g. In 

addition, the historical spring sampling concentrations of total radium (radium-226 and radium-228) in 

sediment fi·om 1997 to 2008 were below this criterion as shown in Figure 19. 
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• The 2008 analytical results for radium-228 in sediment are consistent with historical spring sampling 

analytical results. Radium-228 results from on-site background locations were: 

Ra-228 Background Findings (pCi/g) in 2008 

Location Spring Fall 

SWSD009 1.230 1.870 

SWSD021 1.450 0.030 

Historical spring sampling (from 1997 to present) fmdings for the on-site background concentration of 

radium-228 has ranged from non-detect to 2.5 pCi/g from both on-site background locations. The 2008 

results forradium-228 in samples collected at locations WDD I, 2 and 3, and SWSDOIO, 11, 22,23 and24 

were: 

2008 Spring Ranges: 

2008 Fall Ranges: 

0.236 to 1.640 pCi/g 

0.834 to 2.400 pCi/g 

Combined radium-226 and radium-228 concentrations in sediment were less than the USDOE guideline 

limit for residual radioactivity in surface soil criterion of 5 pCi/g above background (or 7.18 pCilg as 

discussed above). In addition, the historical spring sampling concentrations of total radium (radium-226 

and radium-228) in sediment from 1997 to 2008 were below this criterion as shown in Figure 19. 

• The 2008 thorium-228 (added in 2008 to the ESP) results from on-site background locations were: 

Th-228 Background Findings (pCi/g) in 2008 

Location Spring Fall 

SWSD009 1.600 0.633 

SWSD021 1.380 1.690 

The 2008 results for thorium-228 in samples collected at on-site locations WDDI, 2 and 3, and SWSDOlO, 

11, 22, 23 and 24: 

2008 Spring Ranges: !.1 00 to 1.800 pCilg 

2008 Fall Ranges: 0.754 to 1.520 pCi/g 

All thorium-228 concentrations in sediment were less than the USDOE surface soil criterion of 5 pCilg 

above on-site background. 

• The 2008 analytical results for thorium-230 in sediment are consistent with historical spring sampling 

analytical results. Thorium-230 results from on-site background locations were: 
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Th-230 Background Findings (pCi/g) in 2008 

Location Spring Fall 

SWSD009 1.140 0.982 

SWSD021 0.963 1.160 

The 2008 results for thorium-230 in samples collected at on-site locations (WDD 1, 2 and 3, SWSDO 10, 11, 

22, 23 and 24): 

2008 Spring Ranges: 

2008 Fall Ranges: 

0.809 to 1.780 pCi/g 

0.519 to 1.570 pCi/g 

Historical spring sampling (from 1997 to present) findings for the on-site background concentration of 

thorium-230 has ranged fi"om 0.10 to 3.34 pCi/g. All thorium-230 concentrations in sediment were less 

than the USDOE surface soil criterion of 5 pCi/g above on-site background. The historic concentrations of 

thorium-230 in sediment from 1997 to 2008 were below this criterion as shown in Figure 20. 

• The 2008 analytical results for thorium-232 in sediment are consistent with histmical spring sampling 

analytical results. Thorium-232 results from on-site background locations: 

Th-232 Background Findings (pCi/g) in 2008 

Location Spring Fall 

SWSD009 0.970 1.060 

SWSD021 1.290 1.250 

The 2008 results for thorium-232 in samples collected at on-site locations WDD 1, 2 and 3, SWSDO 10, 11, 

22, 23 and 24 were: 

2008 Spring Ranges: 

2008 Fall Ranges: 

0.755 to 1.360 pCi/g 

0.686 to 1.450 pCi/g 

Historical spring sampling (fi"om 1997 to present) findings for the on-site background concentration of 

thorium-232 has ranged from non-detect to 1.78 pCi/g. All thorium-232 concentrations in sediment were 

less than the USDOE surface soil cleanup criterion of 5 pCi/g above on-site background. Historic spring 

sampling concentrations ofthorium-232 in sediment from 1997 to 2008 were below this criterion as shown 

in Figure 21. 

• The 2008 analytical results for total uranium (sum of isotopes) in sediment are consistent with historical 

spring sampling analytical results. Total uranium results from on-site background locations: 

Total-U Background Findings (pCi/g) in 2008 

Location Spring Fall 

SWSD009 2.824 2.301 

SWSD021 2.807 2.360 
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The 2008 results for total uranium in samples collected at on-site locations (WDDI, 2 and 3, SWSDOlO, 

II, 22, 23 and 24): 

2008 Spring Ranges: 1.813 to 5.623 pCi/g 

2008 Fall Ranges: 1.850 to 6.292 pCi/g 

Historical spting sampling (from 1997 to present) findings for on-site background concentration of total 

uranium has ranged from 1.8 to 10.10 pCi/g from both on-site background locations or 1.8 to 5.97 pCi/g 

from sediment location SWSD009, which is considered to be more representative of background. All 

uranium concentrations in sediment were less that the US DOE derived surface soil cleanup criterion of90 

pCi/g above on-site background. In addition, the historic (spring sampling) concentrations of total uranium 

(uranium-234, uranium-235 and uranium-238) in sediment from 1997 to 2008 were below this criterion as 

shown in Figure 22. 

5.5.2.2 Sediment Chemical Findings 

Sediment samples collected for organic aud inorganic analysis, these analytical parameters were added in 2008 

to the ESP, are compared against those of New York State unrestricted and restricted (industrial) use of soil 

cleanup objectives (6 NYCRR Part 375, Subpart 375-6, Tables 6.8 [a and b ]). Spting and fal12008 sediment 

findings are posted in Appendix-A in Tables 8 and 9. 

• Background samples (SWSD009 and SWSD021) for metal fmdings exceeded the NYS um-estrictcd use of 

soil cleanup objectives, based on rural soil, for zinc and nickel. Samples collected at locations WDD I, 2 

and 3 and SWSDOlO, 011, 022, 023 and 024 were in excecdance of the NYS unrestricted use of soil 

cleanup objectives, based on rural soil, for copper, lead, mercury, nickel and zinc at several locations for 

the spring and fall sampling. 

• Background samples (SWSD009 and SWSD021) for volatile organic compound findings were non-detect 

with the exception of acetone and total xy lenes both being below the NYS unrestricted use of soil cleanup 

objective. Samples collected at locations WDD 1, 2, and 3 and SWSD 010,011,022,023, and 024 were 

below the NYS unrestricted usc soil cleanup objective. 

• Polycyclic aromatic hydrocarbons for spring and fall background samples (SWSD009 and SWSD021) 

findings were either non-detect and/or below the NYS unrestricted use soil cleanup objective. Samples 

collected (spring and fall) at locations WDD I, 2 and 3 and SWSD 010,011,022,023 and 024 were all 

non-detect with the following exception: WDD3 (fall) had exceedances of the NYS unrestricted use soil 

cleanup objective for the following PAHs: benzo(a)anthraccne, benzo(a)pyrene, bcnzo(b)fluoranthene, 

cluysene and indcno(l ,2,3-cd)pyrcne. Benzo(a)pyrcne also exceeded the NYS restricted use, industrial 

objective. These elevated readings may have been attributed to the extensive use of yard/landscaping 

equipment with two-stroke engines used to clear high vegetation and trees on the site's outer fence 

perimeter for the putpose of site security. 

• Background samples (SWSD009 and SWSD021) for polychlorinated biphenyls (PCB) were non-detect or 
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below the NYS unrestricted use soil cleanup objective. Samples collected at locations WDD 1, 2 and 3 and 

SWSD 010, 0 II, 022, 023 and 024 were mostly non-detect or less than the NYS unrestricted use soil 

cleanup objective with the following exceptions: SWSDOII field duplicate spring sample finding had a 

concentration of 114 11k/kg, which exceeds NYS unrestricted use soil cleanup objective of I 00 11klkg for 

Aroclor-1254. SWSD024 (spring finding) had a concentration of 101 11k/kg, this is above the NYS 

unrestricted usc soil cleanup objective of I 00 11k/kg for Aroclor-1242. Both findings are less than the NYS 

restricted use, industrial objective, of25,000 11g/kg. 

• Background samples (SWSD009 and SWSD021) for pesticides were all non-detect for spring and fall. 

Samples collected allocations WDD I, 2 and 3 and SWSD 010,011,022,023 and024 were non-detect for 

the spring and fall. 

5.6 Groundwater 

The locations of environmental surveillance groundwater monitoring wells at NFSS are shown in Figure 2. On­

site background information, descriptions of activities performed under the groundwater surveillance program, 

and surveillance results are discussed below. 

5.6.1 Groundwater Flow System 

5.6.1.1 Natural System 

Four unconsolidated geologic units and one bedrock unit arc identified in the subsmface at the site. These units 

are consolidated into the following three principle hydrostratigraphic zones (listed top to bottom): the Upper 

Water Bearing Zone (smface fill and an Upper Brown Clay Till Unit that contains sand lenses), an aquitard or 

confining unit (Glacio-Lacustrine Clay and Middle Silt Till Units), and the Lower Water Bearing Zone 

(Alluvial Sand and Gravel, Basal Red Till, and Upper Quecnston Formation). See Figure-7: Schematic of 

Conceptualized Hydrostratigraphy in Appendix A, page F-7. Groundwater at the NFSS primarily flows in two 

deposits: the upper water-bearing zone in the surficial brown clay till unit and the lower water-bearing zone in 

the combined sand and gravel unit, red till unit, and weathered portion of the Queenston Shale bedrock. As 

stated in Section 3 .0, the glacio-lacustrine clay aquitard that hydraulically separates the upper and lower water­

bearing zones also minimizes transport between the two zones. Regional groundwater flow in both the upper 

and lower groundwater systems is to the northwest towards Lake Ontario, although flow in the upper zone is 

inte1rupted by surface-water drainage ditches of significant depth and vegetative growth. 

Surface drainage from the site originally entered Four Mile, Six Mile, and Twelve Mile Creeks, which all flow 

nmthward to Lake Ontario. However during the 1940s, drainage modifications routed surface water to a series 

of ditches that eventually coalesce into the central drainage ditch north of the site. These ditches have variable 

depths that seasonally influence groundwater flow in the upper water-bearing zone on the site. The current 

discharge from the central drainage ditch is routed to Four Mile Creek. 

5.6.1.2 Water Level Measurements 
Groundwater levels were measured in ninety-one (91) NFSS wells with an electronic depth-to-water meter. 

23 



j-

ESTM 2008 -NFSS 

Potentiometric data were recorded from forty-nine ( 49) wells in the upper ground water system and forty-two 

( 42) wells in the lower groundwater system (including 6 bedrock wells). 

Figures 3 through 6 in Appendix-A show the piezometric surfaces and groundwater flow directions in the upper 

and lower units during seasonally high and low groundwater conditions. Groundwater contours initially are 

hand drawn to account for site features (e.g., the IWCS and drainage ditches) and then digitized using ArcGIS® 

to present the groundwater flow directions and gradients in report-quality graphics. 

The screened intervals for wells completed in the upper groundwater zone range from 4.7 to 27.6 ft (1.4 to 

8.4 meters) below ground surface, while screened inte1vals for wells completed in the lower groundwater zone 

range from 22.4 to 104.5 ft (6.8 to 31.9 meters ) below ground surface. The ninety-one groundwater 

monitoring wells are located throughout the NFSS and provide significant areal coverage for groundwater flow 

characterization. The monitored (sampled) subset of eighteen (18) wells provide adequate data to assess the 

IWCS performance and monitor specific areas of concern identified by the RI (Appendix A, Figure 2). 

In the upper water-bearing zone, the depth to water ranged from 0.42 to 18.39 ft (0.13 to 5.61 meters) below 

ground surface during 2008. The quarterly water level fluctuations in the upper water-bearing zone averaged 

1.68 ft (0.51 meters) and showed high and low elevations during the February and October measurements, 

respectively. In the lower groundwater system, the depth to water ranged from 3.02 to 12.58 ft (0.92 to 3.83 

meters ) below ground surface during 2008. Quarterly water-level fluctuations in the lower groundwater 

system averaged 0.37 m (1.21 ft) and showed high and low elevations during the August and February 

measurements respectively. 

Groundwater elevations measured quarterly during 2008 in the upper water-bearing zone show a high condition 

occurred on Febmary 19, 2008, and a low condition on October 21, 2008. The high-water elevations in the 

upper system ranged fi'om 297.61 to 318.62 ft(90.71 to 97.12 meters) above mean sea level, whereas the low­

water condition ranged from 299.22 to 318.61 ft (91.20 to 97.11 meters). Groundwater elevations in the lower 

water-bearing zone indicate a seasonal high occurred on August 25, 2008, and a seasonal low occurred on 

Fcbmary 19, 2008. The high-water elevation in the lower system ranged from 308.82 to 316.62 ft (94.13 to 

96.51 meters) above mean sealevel, whereas the low-water condition ranged from 304.37 to 314.27 ft (92.77 to 

95.79 meters). Sec Figures 3 through 6 in Appendix A for a graphical representation of these data, interpreted 

groundwater flow directions, and conditions evident from local clay mining west of the NFSS. 

Head fluctuations in both the upper and lower water-bearing zones were less in 2008 than 2007 due to abundant 

summer rains that lessened summer-season soil-moisture stresses on the upper zone groundwater. Precipitation 

data recorded at the Niagara Falls International Airport indicate that from May 2008 through October 2008 

precipitation was 19.82 inches or 1.71 inches greater than the norm for this period. Similar trends arc likely for 

the NFSS, as evident in the water level data. Even though 2008 was a wetter summer than 2007, several wells 

appeared d1y or reflected local dryness during the sounding periods: 215A (August/October), 810A 

(Febmary/October), OW12B (October), 314 (dry all year), and 422 (dry all year). Wells 314 and 422 indicate 

that they were screened too high (within the vadose zone) and are routinely dry, whereas wells 215A, 810A, 

and OW12B simply exhibit large head fluctuations throughout the screened interval. 

Water-level data indicate that the upper water-bearing zone responds more rapidly to the recharge and 
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discharge seasons (wet and dty periods) than the lower confined groundwater system due to the intervening 

Glacio-Lacustrine Clay and Middle Silt Till Units (as a regional aquitard). The two water-bearing zones 

demonstrate hydraulic separation through independent water-levelrcsponses, as exemplified by the temporally 

different seasonal high and low conditions. The high-stress (dty) summer conditions lower water levels in the 

upper water-bearing zone (i.e., October was the low-water period in the upper water-bearing), although the 

lower water-bearing zone lags by several months due to the separation (i.e., February was the low-waterperiod 

for the lower water-bearing zone). The tht·ee-month time lag between head extremes in 2007 was nearly six 

months in 2008, which indicates the aquitard restricts vettical flow between the units, even where thin (e.g., a 

2.5-foot thickness at wells OWIOA and OW lOB still produces up to 5.59 ft (1.7 meters) of head differential. 

Vertical gradients derived from heads in monitoring well pairs vaty with seasonality. Flow from the upper zone 

to the lower zone was dominant during the first and second quarterly measmements. However, during the third 

and fourth quarters, the majority of elevations in the lower system were greater than those measured in the 

upper system, albeit very slight in some cases. This seasonal variation in the direction and magnitude of 

vertical gradients will affect vertical flow between water-bearing zones and potentially long-tenn transport of 

contaminants between water-bearing zones, thereby maintaining the upper zone as the primary transport 

pathway at the NFSS. While groundwater flow is primarily horizontal in these upper and lower zones, the 

upward vertical gradients help impede the potential for downward migration of contaminants into the lower 

zone from possible contaminant sources in the upper zone. 

5.6.1.3 Groundwater Flow 

Water-bearing hydrostratigraphic zones in the layered glacial sediments underlying the NFSS include the upper 

smiicial clay till unit, the lower alluvial sand and gravel, and the weathered bedrock unit (i.e., approximated as 

the upper I 0 ft or 3 meters of bedrock). Groundwater-level data indicate that the intervening glaciolacustrine 

clay unit hydraulically sepm·atcs the upper clay till unit from the lower sand and gravel unit; this 

glaciolacustrine clay is present across the entire site. The average horizontal gradients in the upper system 

range between 0.0026 and 0.01 ftlft and are dependent on seasonality and regional to local flow conditions (i.e., 

flow across the site versus along the IWCS to the central drainage ditch). 

Local groundwater flow in the upper water-bearing zone is interrupted by the central drainage ditch throughout 

the year, whereas smaller tributary ditches appear to have a lesser influence on site-wide groundwater flow. 

The northwesterly regional flow gradient across the site is presented to illustrate the potential for long-term 

(and larger scale) flow and transport directions from the site. 

Localized on-site flow towards the central drainage ditch cast of the IWCS is consistently apparent due to the 

unique flow boundary conditions in this area (i.e., IWCS cut-off wall, low recharge due to a sloped [well 

drained] land surface, and proximate ditch). Other site ditches show various degrees of influence on 

groundwater levels, which are accounted for on the potentiometric map, where data allow. The drainage 

ditches at the NFSS have accumulated sediment and organic matter since their original installation (up to 1O-ft 

or 3 meters deep); consequently they do not fully penetrate the upper water-bearing zone and some 

groundwater is assumed to pass beneath the ditches during high-water periods. Water-level contours may 

be drawn through the ditches to reflect some groundwater flow beneath them (where data allow). During the 
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summer, vegetation within the ditches will evapotranspire groundwater and promote lower local heads near site 

ditches. 

The lower groundwater system generally shows a northerly to northwesterly flow under gradients of0.0022 to 

0.003 ft/ft. This flow vector has been affected by the excavation of a clay borrow operation west of the site 

(mining the Glaciolacustrine Clay), where local surface-water recharges the lower water-bearing zone in the 

spring, which has caused the normally northwestern gradients to have a northerly component during the high­

water period (May 2008). The local groundwater low underlying the IWCS is likely a combined artifact of 

impressed heads to the west, variations in the thickness of the gray clay aquitard and underlying 

hydrostratigraphic layers, and topography of the Quccnston Shale. The October potcntiometry in Figure 5 

shows an alleviation of the impressed heads to the west and a return to normal flow westerly directions, which 

may be due to lower rainfall and evaporative losses at the nearby clay pit. 

A groundwater flow velocity of 38 cm/y (15 in/y) was estimated at NFSS in 1994 (USDOE 1994b). More 

recent Rl modeling estimated an average flow velocity of28 cm/y (11 in/yr) in off-site areas; this value is based 

upon the regional gradients and variable hydraulic conductivities presented in USACE (2008). Such velocities 

will vary based on local conditions (i.e., the spatial scale of hydraulic conductivity and gradient estimations 

used). These velocity values do not represent contaminant migration rates since contaminant-soil partitioning 

retards (or slows) the rate of contaminant flow (transport) with respect to groundwater flow. This partitioning 

causes contaminants to adsorb, or bind, to local fine-grained soils in the upper water-bearing zone and aquitard 

sediments. 

5.6.2 Groundwater Analytical Results 

5.6.2.1 Field Parameters 

Table 5, Appendix A summarizes field measurements (temperature, pH, specific conductance, oxidation­

reduction potential, and turbidity) for 2008 enviromnental surveillance sampling, including those wells added 

to the ESP for 2008 .. These measurements represent water conditions at the time of sampling. 

5.6.2.2 Water Quality Parameters 

At NFSS, water quality in the upper water-bearing zone is indicative of low recharge to a hydraulically slow 
flow system, which produces poor-quality (ncar -saline) groundwater containing high total dissolved solids and 

calcium/magnesium sulfates. Water quality in the lower water-bearing zone is poor due to high total dissolved 

solids produced by long residence times associated with long flow paths fi'om aerial recharge zones. It is likely 
that the lower groundwater system receives recharge along the base of the Niagara Escarpment, situated 

approximately 3.2 km south of the site (USDOE 1994b) and, to a lesser extent, via downward flow from the 

upper unit during spring recharge. Water quality parameter data for 2008 spring and fall groundwater are 
provided in Tables 10 and 11, Appendix A. 

Analytical spring and fall results for sodium and sulfate were consistently above the drinking water standards in 
both the up-gradient (background) and down-gradient samples. These values indicate that groundwater in the 

area is naturally saline and confirm the findings of regional to local studies that state groundwater quality is 

poor ncar the site because of high mineralization (La Sala 1968; Wchran 1977; Acres American 1981). 
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Groundwater at NFSS is not used as a public water supply, although the comparison to the drinking water 

standard will continue to be used to provide a conservative evaluation of groundwater analytical results. 

For comparative purposes, the NYSDEC Class GA water quality standards are utilized when primaty Federal 

standards are not available. 

• Sodium samples collected at the original surveillance seven wells (A45, A50, B02W20S, OW04B, 

OW06B, OW13B, OW15B and OW17B) had detects in all seven, including the background well, with all 

concentrations consistently greater than the NYSDEC Class GA groundwater quality standard of 

20,000 J.IIL for sodium. 

Sodium concentration ranges in GW for 2008 

Spring 58,800 - 80,200 Jlg!L 

Fall 59,600-72,800 Jlg/L 

• Sulfate samples collected at the eighteen surveillance wells had detects in all with concentrations greater 

than the NYSDEC Class GA groundwater quality standard for sulfate of250 mg/L. 

Sulfate concentration ranges in GW for 2008 

Spring 286 - 4,900 mg/L 

Fall 348- 1,030 mg/L 

• Fluoride samples collected at all eighteen surveillance wells had detects. All being below the NYSDEC 

Class GA groundwater quality standard of 1.5 mg/L for fluoride with the exception of GW well 415A for 

the spring at 2.980 mg/L and fall finding at 3.490 mg/L. 

Fluoride concentration ranges in GW for 2008 

Spring 0.125-2.980 mg/L 

Fall 0.117-3.490 mg/L 

5.6.2.3 Groundwater - Radioactive Constituents 

In 2008, as mentioned in section: 1.2 ESP Enhancements for 2008, the fall sampling event was added in 2008 

making sampling biannual (spring and fall) for groundwater. In 2008, unfiltered groundwater samples collected 

for the spring and fall sampling events from seventeen groundwater monitoring wells ( 16-upper water-bearing 

zone and !-lower water-bearing zone) were analyzed foruranium-234, uranium-235, and uranium-238. Eight 

wells in the upper water-bearing zone, from the previous surveillance program (1997 -2008), were analyzed for 

radium-226, radium-228, thorium-230, thorium-228 and thorium-232. See Table I b (Appendix A, page T-8) 

radiological parameters for those ESP groundwater wells, including those wells added to the ESP added in 

2008. Environmental surveillance analytical results for radioactive constituents in groundwater are presented in 

Appendix A, Table 10 and 11. See Figures 23 through 26 for trended data collected during spring sampling 

from the years 1997 to 2008. 

Combined concentrations of radium-226 and radium-228 at NFSS arc below the SDW A MCL of 5 pCi/L. 
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Thorium-230 and thoriurn-232 concentrations are below USDOE DCGs (100 pCi/L and 50 pCi/L, respectively) 

and the SDWA MCL of 15 pCi/L, adjusted gross alpha MCL, for combined thorium-230 and thorium-232 in 

drinking water. The 2008 total uranium analytical results are consistent with the historical spring sampling 

results. 

Total uranium concentrations are below the SDW A MCL 30 J.lg:/L or 27 pCi/L for wells: B02W20S, A50, 

OW13B, OW06B, OW15B, OWI7B, BH49A, OW04A, OW18B, and 415A. The following wells exceeded 

SDWA MCL of 30 J.lg/L or 27 pCi/L: A45, OW04B, 313, 302A, 505, A42, OWl lB. Historical (for spring 

sampling) Technical Memorandum results are consistent with the 2008 findings and indicate the groundwater 

is contaminated from legacy residue/waste handling and/or surface-storage practices. Declining to dynamic 

steady-state (i.e., annually fluctuating about a mean) uranium trends in wells smTDunding the IWCS also are 

indicative of attenuating legacy sources (i.e., surface stored wastes) that contaminated soil and groundwater 

prior to the IWCS construction. Since 1992, total uranium concentrations in all sampled wells have been less 

than (background not subtracted) the USDOE DCG of 600 pCi/L for water. 

All analytical results for radiurn-226, radium-228, thorium-230, thorium-232, and total uranium in groundwater 

were well below the USDOE DCGs. At all sampled locations, results were less than the USDOE guideline for 

mixtures of radionuclides (using the sum-of-the-ratios method). Current analytical results (background not 

subtracted) are summarized below. 

Note: Groundwater at NFSS is not a drinking water source. Samples fi·om all seventeen wells have unfiltered 

results for comparison purposes. 

• The 2008 total (unfiltered) analytical results for radium-226 were: 

Ra-226 Findings (pCi/L) in 2008 

Location Spring Fall 

B02W20S (Background) Non-Detect (ND) Non-Detect (ND) 

Range of 7 wells sampled Non-Detect- 0.490 Non-Detect- 1.050 

The USDOE DCG for radium-226 is I 00 pCi/L above background and the SDWA MCL for combined 

radium-226 and radium-228 is 5 pCi/L. Total radium (Ra-226 and Ra-228) concentrations in groundwater 

are below the SDW A limit of 5 pCi!L and the US DOE DCG of 100 pCi/L, as shown in Figure 23 from 

1997 to 2008 (spring sampling results). 

• The 2008 total (unfiltered) analytical results for radium-228 were: 

Ra-228 Findings (pCi!L) in 2008 

Location Spring Fall 

B02W20S (Background) Non-Detect (ND) 1.090 

Range of 7 wells sampled Non-Detect- 0.826 Non-Detect- 1.080 

The USDOE DCG for radium-228 is 100 pCi/L above background and the SDWA MCL for combined 

radium-226 andradium-228 is 5 pCi/L. Total radium (Ra-226 and Ra-228) concentrations in groundwater 
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are below the SDWA limit(5 pCi!L) and the USDOE DCG (100 pCi/L), as shown in Figure 23 from 1997 

to 2008 (spring sampling results). 

• The 2008 total (unfiltered) analytical results for thorium-228 were: 

Th-228 Findings (pCi/L) in 2008 

Location Spring Fall 

B02W20S (Background) Non-Detect (ND) Non-Detect (ND) 

Range of 7 wells sampled Non-Detect- 0.309 Non-Detect- 0.050 

The USDOE DCG for thorium-228 is 400 pCi/L above background and the SDWA MCL forthmium-228, 

thorium-230 and thorium-232 is 15 pCi/L. Thorium-228 concentrations in groundwater are below the 

SDW A limit of I 5 pCi/L and the USDOE DCG of 400 pCi/L 

• The 2008 total (unfiltered) analytical results for thorium-230 were: 

Th-230 Background Findings (pCi/L) in 2008 

Location Spring Fall 

B02W20S (Background) Non-Detect (ND) Non-Detect (ND) 

Range of 7 wells sampled Non-Detect- 0.490 Non-Detect- 1.050 

The USDOE DCG forthorium-230 is 300 pCi/L above background and the SDWAMCL for thorium-230 

and thorium-232 is 15 pCi/L, adjusted gross alpha MCL (2008 background levels was non-detect). 

Thorium-230 concentrations in groundwater are below the SDWA limit of 15 pCi/L and the USDOE DCG 

of300 pCi/L, as shown in Figure 24 from 1997 to 2008 (spring sampling results). 

• The 2008 total (unfiltered) analytical results for thorium-232 were: 

Th-232 Findings (pCi/L) in 2008 

Location Spring Fall 

B02W20S (Background) Non-Detect (ND) Non-Detect (ND) 

Range of7 wells sampled All Non-Detect All Non-Detect 

The USDOE DCG for thorium-232 is 50 pCi/L above background and the SDWA MCL for thorium-230 

and thorium-232 is 15 pCi!L, adjusted gross alpha MCL. Thmium-232 concentrations in groundwater arc 

below the SDWAlimit of 15 pCi/L and the USDOEDCG of 50 pCi/L, as shown in Figure 25 from 1997 to 

2008 (spring sampling results). 

• The 2008 total (unfiltered) analytical results for total uranium were: 
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Total Uranium Findings (pCi/L) in 2008 

Location Spring Fall 

B02W20S (Background) 9.540 8.849 

Range of 15 wells sampled in upper 

water-bearing zone 5.023-253.680 5.770- 175.970 

Lower water-bearing zone sample 

(OW04A) 0.929 2.085 

The USDOE DCG for total uranium is 600 pCi/L above background. The USEPA National Primary 

Drinking Water Regulation for Radionuclides (Final Rule- effective 2003) states the SDWA MCL for 

total uranium is 30 flg/L or 27 pCi/L. As shown below, seven wells exceed this limit for unfiltered 
• 

groundwater samples. 

Total Uranium SWDA Exceedances of 30 flg/L oi" 27 pCi/L in 2008 

Location Spring Fall 

pCi/L flg/L pCi/L flg/L 

A45 28.699 31.888 33.740 37.489 

OW04B 48.500 53.889 39.489 43.877 

313* 34.627 38.474 39.053 43.392 

505* 27.206 30.229 25.303 28.114 

302A* 99.680 110.756 101.380 112.644 

A42* 61.880 68.756 78.820 87.578 

OWllB* 253.680 281.867 175.970 195.522 

*Added to the ESP zn 2008. 

As discussed previously, the above wells are in areas that have been affected by past storage and handling 

of materials at NFSS. Total uranium concentrations in groundwater are below the US DOE DCG of 600 

pCi/L, as shown in Figure 26. Note: The total uranium MCL of30 pg/L is for comparative purposes only 

and includes background. 

5.6.2.4 Groundwater- Chemical Constituents 

Groundwater at NFSS is not used as a public drinking water supply, although sampling results are compared to 

the SDWA MCLs and New York State Water Quality Regulation Class GA standards as a conservative 

baseline. Sec Table lb (Appendix A, page T-8) analytical parameters for those ESP groundwater wells. The 

2008 environmental surveillance analytical results for metals in groundwater arc presented in Tables 10 and 

11, Appendix A, and discussed below. 

5.6.2.4.1 Metals 

Metals (expanded parameter added to the existing ESP groundwater wells) that exceed the above mentioned 

comparison criteria for metals are discussed below. 
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• Sodium excccdance is covered in Section 5.6.2.2 Water Quality Parameters. 

• Metals samples collected at the original surveillance seven wells (A45, A50, B02W20S, OW04B, 

OW06B, OW13B, OW15B and OW17B) had exceedances in all seven for iron including the background 

well. All had concentrations consistently greater than the SDW A (secondary) MCL and NYSDEC Class 

GA groundwater quality standard of300 J.Lg!L for iron with the exception of well OW17B (fall sampling). 

Iron concentration ranges in GW in 2008 

Spring 390 - 2,200 J.Lg!L 

Fall 237 - 2,450 J.Lg!L 

5.6.2.4.2 Volatile Organic Compounds (VOC) 

The 2008 environmental surveillance analytical results for VOCs in groundwater were taken for the purpose of 

monitoring two wells that had VOC findings in the RI. The two wells, added to the ESP in 2008, are in areas 

that have been affected by past processing and handling ofmatmials at NFSS. Analytical results for VOCs are 

presented in Tables 10 and 11, Appendix A, and discussed below. 

• Well201A findings were all non-detect for VOCs for both the spring and fall sampling rounds. 

• Well 415 had exceedances of SDW A MCLs and New Y ark State Water Quality Regulation Class GA 

standards for the spring and fall sampling rounds. 

Well 415 VOC findings (J.Lg!L) in 2008 

Federal 

Regulations NY State Water 

VOC Compound Spring Fall MCLs Quality Stds. 

Acetone 201 ND at 300 Not Established Not Established 

cis-! ,2-Dichloroethylenc 9,650 11,200 70 5 

Tetrachloroethylene 29,800 22,800 5 5 

trans-! ,2-Dichlorocthylcne 104 139 100 5 

Ttichlorocthylene 11,500 10,200 5 5 

Vinyl chloride 513 763 2 2 
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6.0 CONCLUSIONS 

6.1 External Gamma Radiation 

For 2008 the calculated hypothetical doses fi·om external gamma radiation are 0.005 mrcm for the nearest 

resident and 0.003 mrem for the nearest off-site worker. 

6.2 Radon Gas 

Results of the 2008 radon gas surveillance program indicate radon gas emissions are comparable to 

background. The radon gas concentrations at the site were consistently low (non-detect to 0. 7 pCi!L, including 

background [Appendix A, Table 3]). All radon gas concentration analytical results at NFSS were well below 

the US DOE limit for radon-222 of 3.0 pCi!L above background (Appendix A, Table 3). 

6.3 Radon-222 Flux 

The 2008 radon-222 flux measurements were indistinguishable from background. Results ranged from non­

detect to 0.23490 pCi/m2/s, with an average (of detects and non-detects) result of0.05368 pCi/m2/s (Appendix 

A, Table 4). The average value is less than one percent of the standard of20 pCi/m2/s specified in 40 CFRPart 

61, Subpart Q ofthe National Emission Standards for Hazardous Air Pollutants (NESHAPs ), demonstrating the 

effectiveness of the contaimnent cell design and construction in mitigating radon-222 migration. 

6.4 Airborne Particulate Dose 

The 2008 airborne particulate annual dose from the wind erosion of soil to a hypothetical maximally exposed 

individual is calculated at 0.00067 rmem (Appendix C, FUSRAP CY2008 NESHAP Annual Repm1 for Niagara 

Falls Storage Site (NFSS), section 4.3). The hypothetical annual dose to the individual can be compared to the 

I 0 mrern/ycar dose standard in 40 CFR Part 61, Subpat1 H of NESHAPs. The 2008 hypothetical airborne 

pat1iculate annual collective dose to the population within an 80 km radius of the site is calculated at 0.047 

person-rem (Appendix C, FUSRAP CY2008 NESHAP Annual Report for Niagara Falls Storage Site (NFSS), 

section 5.1 ). 

6.5 Cumulative Dose from External Gamma Radiation and Airborne Particulates 

The CY 2008 maximum annual total external gamma radiation and airborne particulate dose to a hypothetical 

individual is 0.006 mrem [0.005 + 0.00067 (assumes same individual receives both maximum doses from 

external and airborne dose pathways)], Appendix B, CY2008 Calculation Of External Gamma Radiation Dose 

Rates For Niagara Falls Storage Site (NFSS), Section 4.2 and Appendix C, FUSRAP CY2008 NESHAP 

ANNUAL REPORT FOR NIAGARA FALLS STORAGE SITE (NFSS), Section 4.3, respectively. This value 

can be compared to the US DOE limit of I 00 mrern/year and the US average per capita background dose of 

approximately 620 mrcrn/year. 
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6.6 Surface Water 

In 2008, on-site radionuclide concentrations in surface water samples were consistent with radiological 

historical results that indicate no evidence of a release. Chemical findings had one exeeedanee for sampling 

location SWSDO 10 (fall sampling) for VOC-tetraehloroethylene at 7.91 f!g/L which exceeds the SDW A and 

state MCL (5 f!g/L). 

6. 7 Sediment 

In 2008, on-site radionuclide concentrations in sediment samples were consistent with historical radiological 

results that are comparable to background and indicate no evidence of a release. Metals (copper, lead, mercmy, 

nickel and zinc) had exceedances of the NYS unrestricted use of soil cleanup objective at several locations, but 

not that of the NYS restricted usc soil cleanup objectives (industrial). All volatile organic compounds (VOC) 

samples were below that of the NYS unrestricted usc of soil cleanup objective. One PAH sample location, 

fi"om the fall sampling event, had an exceedance ofNYS unrestricted use of soil cleanup objective for several 

PARs. That exceedance was less than the NYS restricted use soil cleanup objectives (industrial) with the 

exception ofPAH benzo(a)pyrene. Two polychlorinated biphenyls (PCB) were slightly elevated above the 

NYS unrestricted use of soil cleanup objective at two separate locations, but below that of the industrial-use 

objective. 

6.8 Groundwater 

Current and past on-site radionuclide concentrations in groundwater samples from the upper water-beating zone 

indicate total uranium levels in excess of background; total uranium levels in several wells exceed the SDWA 

MCL. Wells with the most elevated uranium levels, as identified during the RI, were selected for inclusion into 

the environmental surveillance program, beginning in 2008, in addition to those historically sampled as part of 

the program. Historic and RI findings indicate that the most likely source of these elevated uranium levels is 

past radioactive waste storage practices as they are limited in extent, do not indicate a continuously increasing 

trend (see Figure 26), and are generally coincident with historical usc areas. Uranium levels in groundwater 

will continue to be monitored as part of the environmental surveillance program and the on-going CERCLA 

process will evaluate the extent of uranium in groundwater in excess of background levels and applicable 

regulatmy limits throughout NFSS. 
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APPENDIX A 
NFSS 2008 ENVIRONMENTAL SUREVELLANCE TECHNICAL MEMORANDUM 
TABLES AND FIGURES 

Environmental Monitoring at NFSS 

This appendix documents the results of environmental monitoring activities conducted in 2008 and 

supplements the environmental surveillance infmmation included in the body of this technical memorandum. 

These activities arc described to present a more complete picture of the site activities during the year and to 

provide technical reviewers with sufficient information to determine how much these activities influenced 

site conditions and ultimately the environmental surveillance program. 

Two distinct activities compose the FUSRAP monitoring program at NFSS: environmental monitoring and 

environmental surveillance. Enviromnental monitoring consists of measuring the quantities and 

concentrations of pollutants in solid wastes, liquid effluents, and air that are discharged directly to the 

environment from on-site activities. Environmental surveillance documents the effects, if any, ofUSACE 

activities on on-site and off-site environmental and natural resources. At FUSRAP sites, because there are 

typically no on-site waste treatment facilities with routine point discharges, the monitoring program consists 

primarily of enviromnental surveillance (USACE 2008). The Environmental Surveillance Technical 

Memorandum specifically reports the results of routine enviromnental surveillance sampling and, at 

applicable sites, includes information about routine enviromnental monitoring (storm water discharges and 
radon flux measurement). 

From November 1999 to October 2003, surface water, sediment, soil, groundwater, and other media was 
sampled to support a three-phased Remedial Investigation (RI) at NFSS. 

References 

Science Applications International Corporation (SAIC) and Tetra Tech 2007. NFSS Remedial Investigation 
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USACE 2008. Environmental Surveillance Plan for Niagara Falls Storage Site (June) 
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Table A.! 

(Section 1.2 Unit Conversions) 

Units of Measurement and Conversion Factors- Dose and Radioactivity 
Parameter Conventional SI Units Conversion Factor 

Dose millirem (mrem) milliSievert (mSv) I mrem- 0.0 I mSv 

Activity picoCarie (pCi) bccqucrel (Bq) I pCi ~ 0.037 Bq 

TableA2 

Units of Measurement and Conversion Factors- Mass, Length, Area, and Volume 
Parameter English Units SI Units Conversion Factor 

Mass Ounce (oz) gram (g) 1 g-0.035 oz 

Pound (!b) Kilogram (kg) l kg ~ 2.2046 lb 

Length Inch (in.) centimeter (em) I em~ 0.394 in. 

foot (ft) meter (m) I m~3.281 ft 

mile (mi.) kilometer (km) I km ~ 0.621 mi. 

Area Acre hectare (ha) l ha - 2.47 acres 

Volume Fluid ounce (fl. Milliliter (mL) I mL ~ 0.0338 fl. oz. 

gallon (gal) liter (L) I L- 0.264 gal 

Cubic vard (yd3
) cubic meter (m3

) I m3 ~ 1.30795 vd3 

TableB 
(Section: 2.1 External Gamma Radiations and Air (Radon Gas and Airborne Particulates)) 
Summary of Radiological Standards and Guidelines for External Gamma Radiation and Air 

Parameter USDOEOrder Other Federal Standard 

5400.5' or Guidelines 

Radon-222 flux 20 pCi/m2/s 20 pCi/m2/s b 

Radon-222 3.0 pCi/L' -

Radionuclide emissions lOmrem/y 10 mrem/y b 

(airborne particulates and radioactive gases 
excluding radon-220 and radon-222) 

Effective dose equivalent lOOmrem/y 100 mrem/y d 

(total contribution from all sources') 

a. Guidelines provided in the USDOE Order are above background concentrations or e>.posure rates. 

b. Federal (USEPA) Standardfimn 40 CFR, Part 61, subparts H (radionuclide emissions) and Q (radon-222 flux). 

c. Contributing sources at NFSS consist of external gamma radiation exposure, radiomrclide emissions listed above, and ingested 

radionuclides in water and soi//.<;ediment (listed in the following table). 

d. Federal (USNRC) Standard 10 CFR 20 

e. The guideline of 3.0 pOlL is based on an annual average value at or above any location outside of the.filcility site. 
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Table C 
(Section: 2.2.2 Safe Drinking Water Act (SDWA)) 
Summary of Radiological Standards and Guidelines for Water and Sediment 

Parameter USDOEDCG' Other Federal US DOE Guideline Limit for Residual 

for Water" Standards Radioactivity in Surface Soil c,d 

Total uranium 600 pCi/L 30 [tg/L' 90 pCi/g 

Thorium-228 400pCi/L 15 pCi/L' 5 pCi/g 

Thoriurn-232 50 pCi/L 15 pCi/L r 5 pCi/g 

Thoriurn-230 300 pCi/L 15 pCi/L r 5 pCi/g 

Combined Radium-226&228 100 pCi/L 5 pCi/L' 5 pCi/g 

a. USDOE derived concentration guide USDOE Order 5400.5) for drinking water. Groundwater at NFSS is not a drinking water 
source. The above concentration is for comparative pmposes only. 

b. Sw:face water and groundwater (non-drinking water values); criteria represent concentrations above background. If a mixture 
of radionuclides is present, the sum of the ratios of each isotope to its respective DCG must be less than one. 

c. Above background concentrations in soil, averaged over the topmos/15-cm of soil. 

d. There are no standard<; for sediment; therefore, the USDOE residual (radium and thorium) and site-specific (uranium) swjilce 
soil cleanup guideline criteria are used as a basis for evaluating analytical results }Or sediment. If a mixture of the radionuc/ides is 

present in soil, then the sum of the ratios of the concentration of each isotope to the allowable limit must be less than one. This 
guideline applies for Iota/uranium in natural isotopic abundance. 

e. This regulation for uranium of 30 pg/L became ej]ixtive December 8, 2003 -National Pdmwy Drinking Water Regulations,' 
Radionuc/ides,' Final Rule (Federal Register- December 7, 2000). Current SDWA MCLfor the combined concentration ofradium-

226 and radiwn-228 in drinking water is 5 pCi!L (40CFR141.1) Groundwater at NFSS is not a drinking water source. The above 
concentration is for comparative pwposes only. 

f "Gross alpha activity MCL is 15 pCi/L, including the contribution from radium-226 but excluding the contributions from radon 

and uranium- National Primmy Drinking Water Regulations,' Maximum contaminant levels for radionuclides,· (40CFR141.66-
Subpart G (c)) 
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TableD 
State and Federal Comparison Values for Groundwater Surface Water and Sediment ' 

Watera Sedimentb 

~ . 
~ ~ ~ ., 

~ ~ . 
"' 1:> ., 

~ ~§ " ~ 
., 

"' ~00 . " ~>il'il -a -~ -1: ~p ~"E ~ +-> ..... 
~ " ~ 

~- ~ !!, ~ ~. ............ 
~ 6\, ....< 00 ~ 00 ~ • en t! :g 

Parameterc Analyte Unitsd "'~u ~0. Unitsd ~ ~ ~ ~~"' ~~>~:.: Zi:>i:> P<i.:l 

!Water Quality lA , Total as CaC03 mg/L 500' 50011 NA NA 

lwatcr Quality !Total l Solids mg/l NE Nl NA NA 

NA NA 

Anion lChloride mg/L 250 1 
NA NA 

Anion mg/L 4 NA NA 

Anion Nitrate mg/L 10 II NA NA 

Anion Nitrite mg/L II NA NA 

Anion n. mg/l NE NA NA 
Anion Sulfate mg/L 250' NA NA 

Metal Aluminum ftg/L 50-200 NE mg/kg NE NE 

Metal Antimony ftg/L 6 3 mg/kg NE NE 

Metal Arsenic ftg/L 10 25 mg/kg 13 16 

Metal Barium ftg/L 2000 1000 mg/kg 350 10,000 

Metal Betyllium ftg/L 4 11 mg/kg 7 2,700 

Metal Boron ftg/L NE 1000 mg/kg NE NE 

Metal Cadmium ftg/L 5 5 mg/kg 3 60 

Metal Calcium ftg/L NE NE mg/kg NE NE 

Metal Chromium ftg/L 100 50 mg/kg NE NE 

Metal Cobalt ftg/L NE NE mg/kg NE NE 

Metal Copper ftg/L 1300 200 mg/kg 50 10,000 

Metal Iron ftg/L 3001 
300 mg/kg NE NE 

Metal Lead ftg/L 15 25 mg/kg 63 3,900 

Metal Lithium ftg/L NE NE mg/kg NE NE 

Metal Magnesium ftg/L NE NE mg/kg NE NE 

Metal Manganese ftg/L so' 300 mg/kg 1,600 10,000 

Metal Mercury f'g/L 2 0.1 ftg/kg 1804 57004 

Metal Nickel ftg/L NE 100 mg/kg 30 10,000 

Metal Potassium ftg/L NE NE mg/kg NE NE 

Metal Selenium ftg/L 50 10 mg/kg 4 6,800 

Metal Silver ftg/L 1001 
50 mg/kg 2 6,800 

Metal Sodium ftg/L NE 20000 mg/kg NE NE 

Metal Thallium ftg/L 2 NE mg/kg NE NE 

Metal Vanadium ftg/L NE 14 mg/kg NE NE 

Metal Zinc ftg/L 5000 NE mg/kg 109 10,000 
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TableD 
State and Federal Comparison Values for Groundwater Surface Water and Sediment ' 

Watera Sedimentb 

~ ' ~ ~. v 
~ 

~ :So§ "' p. 
= v ., 

.~ 
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0 v<n $ .~ $$~ ';j -.g ·!: 1ilp ~ Jj !l .~ rn 
~=:S ~:a 

~ ~. 
00. ~ ·l< "' Jj = 

Unitsd il ~u ~6 Unitsd ~ ~ v ?:!~"' Paramctcrc Analytc "' :;:: i3~ z~~ 

voc 1,1 ,1-Trichloroethane J.Lg/L 200 5 J.Lg/kg 680 1,000,000 

voc I, I ,2,2-Tetrachloroethane J.Lg/L NE 5 J.Lg/kg NE NE 
voc 1,1 ,2-Trichloroethane J.Lg/L 5 I J.Lg/kg NE NE 

voc I, 1-Dichloroethane J.Lg/L NE 5 J.Lg/kg 270 480,000 

voc I, 1-Dichloroethylene J.Lg/L 7 5 J.Lg/kg 330 1,000,000 

voc 1 ,2-Dichloroethane J.Lg/L 5 0.6 J.Lg/kg 20 60,000 

voc I ,2-Dichloropropane J.Lg/L 5 I J.Lg/kg NE NE 
voc 2-Butanonc J.Lg!L NE NE J.Lg/kg 120 1,000,000 

voc 2-Hexanone J.Lg/L NE NE J.Lg/kg NE NE 

voc 4-Methyl-2-pentanone J.Lg/L NE NE J.Lg/kg NE NE 
voc Acetone J.lg/L NE NE J.Lg/kg 50 1,000,000 

voc Benzene J.Lg/L 5 I J.Lg/kg 60 89,000 

voc Bromodichlorornethane J.Lg/L NE NE J.Lg/kg NE NE 
voc Bromoform J.Lg/L NE NE J.Lg/kg NE NE 

voc Bromomethane J.Lg/L NE 5 J.Lg/kg NE NE 
voc Carbon disulfide J.Lg/L NE 60 J.Lg/kg NE NE 
voc Carbon tetrachloride J.Lg/L 5 5 J.Lg/kg 760 44,000 

voc Chlorobenzene J.Lg/L 100 5 J.Lglkg 1,100 1,000,000 

voc Chloroethane J.Lg/L NE 5 J.Lg/kg NE NE 
voc Chloroform J.lg/L NE 7 J.Lg/kg 370 700,000 

voc Chloromethane J.Lg/L NE 5 J.Lg/kg NE NE 
voc cis- I ,2-Dichlorocthylcnc J.lg/L 70 5 J.Lg/kg 250 1,000,000 

voc cis-1 ,3-Dichloropropylene J.Lg/L NE 0.4' J.Lg/kg NE NE 

voc Ethylbenzene J.Lg/L 700 5 J.Lg/kg 1,000 780,000 

voc Methylene chloride J.Lg/L 5 5 J.Lg/kg 50 1,000,000 

voc Styrene J.Lg/L 100 5 J.Lglkg NE NE L 
voc Tetrachloroethylene J.lg/L 5 5 J.Lg/kg 1,300 300,000 

voc Toluene J.Lg/L 1000 5 J.Lg/kg 700 1,000,000 

voc trans-1 ,2-Dichloroethylene J.Lg/L 100 5 J.Lglkg 190 1,000,000 

voc trans- I ,3-Dichloropropylen J.lg/L NE 0.4' J.Lg/kg NE NE 
voc Trichloroethylene J.Lg/L 5 5 J.Lg/kg 470 400,000 

voc Vinyl chloride J.Lg/L 2 2 J.Lg/kg 20 27,000 

voc Xylcncs (total) J.lg/L 1000 5 J.Lg/kg 260 1,000,000 

L 
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TableD 
State and Federal Comparison Values for Groundwater Surface Water and Sediment ' 

Watera Scdimentb 
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PAH Acenaphthene Jlg/L NE NE Jig/kg 20,000 1,000,000 

PAH Acenaphthylcnc Jlg/L NE NE Jlglkg 100,000 1,000,000 

PAH Anthracene Jlg/L NE NE Jig/kg 100,000 1,000,000 

PAH Benzo( a )anthracene Jlg/L NE NE Jig/kg 1,000 11,000 

PAH Benzo( a )pyrenc Jlg/L 0.2 ND J-lg/kg 1,000 1,100 

PAH Bcnzo(b )tluoranthene J-lg/L NE NE J-lg/kg 1,000 11,000 

PAH Benzo(ghi)pe1ylene J-lg/L NE NE J-lg/kg 100,000 1,000,000 

PAH Benzo(k)fluoranthcnc J-lg/L NE NE J-lg/kg 800,000 110,000 

PAR Chrysene J-lg/L NE NE J-lg/kg 1,000 II 0,000 

PAH D1benzo(a,h)anthracene J-lg/L NE NE J-lglkg 330 1,100 

PAR Fluoranthene J-lg/L NE NE J-lg/kg 100,000 1,000,000 

PAR Fluorene J-lg/L NE NE J-lglkg 30,000 1,000,000 

PAH Indeno(l ,2,3-cd)pyrene J-lg/L NE NE J-lg/kg 500 11,000 

PAR Naphthalene Jlg/L NE NE Jlglkg 12,000 1,000,000 

PAR Phenanthrene J-lg/L NE NE J-lg/kg 100,000 1,000,000 

PAH Pyrene J-lg/L NE NE Jig/kg 100,000 1,000,000 

PCB Aroclor-1016 J-lg/L 0.5 0.09 J-lg/kg 100 25,000 

PCB Aroclor-1221 )-Lg/L 0.5 0.09
4 

Jig/kg 100 25,000 

PCB Aroclor-1232 Jlg/L 0.5 0.094 
J-lg/kg 100 25,000 

PCB Aroclor-1242 )-Lg/L 0.5 0.09'1 
J-lg/kg 100 25,000 

PCB Aroclor-1248 J-lg/L 0.5 0.09
4 

Jig/kg 100 25,000 

PCB Aroclor-1254 J-lg/L 0.5 0.09
4 

J-lg/kg 100 25,000 

PCB Aroclor-1260 )-Lg/L 0.5 0.09 Jig/kg 100 25,000 

Pesticide 4,4'-DDD Jlg/L NE 0.3 Jig/kg 3.3 180,000 

Pesticide 4,4'-DDE Jlg/L NE 0.3 J-lg/kg 3.3 120,000 

Pesticide 4,4'-DDT )-Lg/L NE 0.2 )-Lg/kg 3.3 94,000 

Pesticide Aldrin J-lg/L NE ND Jig/kg 5 1,400 

Pesticide alpha-BHC Jlg/L NE 0.01 J-lg/kg 20 6,800 

Pesticide alpha-Chlordane )-Lg/L NE NE J-lg/kg 94 47,000 

Pesticide beta-BHC Jlg/L NE 0.04 J-lg/kg 36 14,000 

Pesticide delta-BHC Jlg/L NE 0.4 J-lglkg 40 1,000,000 

Pesticide Dieldrin J-lg/L NE 0.001 J-lg/kg 5 2,800 

Pesticide Endosulfan I flll/L NE NE J-lg/kg 2,4005 920,000
5 

Pesticide Endosulfan II Jlg/L NE NE J-lg/kg 2,4005 920,000
5 

Pesticide Endosulfan sulfate J-lg/L NE NE )-Lglkg 2,4005 920,0005 

Pesticide Endrin Jlg/L 2 ND J-lg/kg 14 410,000 

Pesticide Endrin aldehyde J-lg/L NE 5 J-lg/kg NE NE 

Pesticide Endrin ketone J-lg!L NE 5 Jig/kg NE NE 

Pesticide gamma-BRC (Lindane) Jlg/L 0.2 0.5 J-lg/kg 100 23,000 

Pesticide gamma-Chlordane J-lg/L NE NE )-Lg/kg NE NE 

Pesticide Heptachlor [tg/L 0.4 0.4 Jig/kg 42 29,000 

Pesticide Heptachlor epoxide ftg/L 0.2 0.3 Jig/kg NE NE 

Pesticide Methoxychlor )-Lg/L 40 35 J-lg/kg NE NE 

Pesticide Toxaphene fig/L 3 0.06 [tg/kg NE NE 
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TableD 
State and Federal Comparison Values for Groundwater, Surface Water and Sediment 

Sedimentb 

Parameterc Analyte 

a. Surface Water and Groundwater comJ!arison criteria. 
Smface Water and Groundwater at NFSS is not a drinking water source. 
The above federal and state regulation concentrations are for comparative purposes only. 

*Federal Regulations: 
National Primary Drinking Water Regulations 40CFR141.62&63 

*New York State: 
New York State Standards -Water Quality Criteria (class GA) per6 NYCRR, Part 703. 
NE- Not Established 

Note: 
NA- Not applicable 
1. National Sccondaty Drinking Water Regulations (40CFR143.3) 
2. Applies to the sum of cis- and trans-1,3-dichloropropene, CAS Nos. 10061-01-5 and 10061-02-6, respectively. 
3. Not a sum total for Dimcthvl Benzene (Xvlene) , aoolies to I ,2--Xvlene, 1,3-Xvlenc and 1,4-Xvlene individually. 

b. Sediment comparison criteria: 
Values arc provided for comparative purposes only. ARARs and media-specific cleanup 
goals will be evaluated independently and presented in future CERCLA decision documents that will 
be available for public comment. 

**New York State: 
6 NYCRR PART 375 
NY State- Unrestricted Use Soil Cleanup Objectives Table 375-6.8(a) 
NY State- Resh·icted Use Soil Cleanup Objectives Table 375-6.8(b) -Industrial 
NE- Not Established 

Note: 
NA -Not applicable 
4. Total Mercury 
5. Sum of endosulfan I, endosulfan II, and endosulfan sulfate 

c. PARAMETER 
VOC- Volatile Organic Compound 
PAH- Polycyclic Aromatic Hydrocarbon 
PCB - Polvchlorinated Biohcnyl 

d. UNITS 
pCi/g - picocuries per gram 
)-lg/L- microgram per liter (ppb) 
mglkg- milligrams per kilograms (ppm) 
l11;;k~J- micro-o-rams-ner kilo-o-ram (ppb), 

Table E 
IS ti ec on: 4 0 Sl SURVEILLANCE METHODOLOGIES\ 
FUSitAP Instruction Guides Used for Environmental Surveillance Activities 
Document Document Title 
Number 
191-IG-007 Groundwater Level and Meteorological Measurements (BNI l996b) 

!9!-IG-011 Decontamination of Field Sampling Equipment at FUSRAP Sites (BNI l996c) 

!9!-IG-028 Smfacc Water and Sediment Sampling Activities (BNI 1993a) 

191-lG-029 Radon/Thoron and TETLD Exchange (BNI l993b) 
EPA/540/S- EPA Ground Water Issue Low-Flow (Minimal Drawdown) Ground-Water Sampling Procedures. 

95/504 
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Table Ia 
Environmental Surveillance Summary 

External Radiation, Radon Gas and Radon-222 Flux 
Niagara Falls Storage Site 

TABLE la Number of Analyses or Measurement: 
No. of Sample Sample Ship Contingency 

Locations Duplicate Blank Sample 
Measured Station CYQuarter CY Quarter CYQuarter CY Quarter 
Parameter Identificatior I I 2 I 3 I 4 I I 2 I 3 I 4 I I 2 I 3 I 4 I I 2 I 3 I 4 

LABORATORY MEASUREMENTS 

External gamma radiation (OSLs j 1, 7, 8, 10, 11, 12, 13,15 20 I 20 I I I 1 I 1 I II I 2o I 20 
18,21,23,24,28,29,36 

Radon gas 105, 116,120122,123 20 I 20 1 I I 1 I I I I I I I I I 

Radon-222 flux 
Waste Contamment I 

Structure I 11831 I I I I I I I I I 
a. OSL = Optically Stimulated Luminescence 

I of3 

Total 
Analyses 

per 
Year 

84 

42 

183 
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*Laboratory Analytical Parameters 

VOA -Volatile Organic Aromatic 
TDS - Total Dissolved Solids 
Anions: Chloride 

Fluoride 
Nitrate 
Nitrite 
Phosphate 
Sulfate 

r:-· 

Table lb 
Environmental Surveillance Summary 

Spring and Fall Groundwater Sampling 
Niagara Falls Storage Site 

**Field Parameters: 

pH 
Temperature 
Specific conductivity 
Oxidation-Reduction Potential 
Dissolved oxygen 
Turbidity 

2 of3 

' Expanded parameter in 2008. 
2 Well added to the ESP in 2008. 
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Sample Location Iso Uranium lso Thorium1 

SWSD009 X X 

SWSDOlO X X 
SWSDOII X X 

SWSD021 X X 

SWSD022 X X 

SWSD023 X X 

SWSD024 X X 

WDDI X X 

WDD2 X X 

WDD3 X X 
F i el<i_IJup}ic3!e X X 

*Laboratory Analytical Parameters: 

,---

Table lc 
Environmental Surveillance 

Spring and Fall 
Surface Water and Sediment Sampling 

Niagara Falls Storage Site 

*Laboratory Analytical Parameters 

Radium-226 Radium -228 Metals2 PAHs' 

X X X X 

X X X X 

X X X X 

X X 
. 

X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 
X X X X 

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

PCBs' 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

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

' Expanded parameter in 2008. 

Pesticides2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

P AH - Poly Aromatic Hydrocarbons ' Parameter added to ESP pro!(ram in 2008. 

PCB - Polycyclic Biphenyls 
VOA -Volatile Organic Aromatic 
TDS - Total Dissolved Solids 

**Field Parameters: 
pH 
Temperature 
Specific conductivity 
Oxidation-Reduction Potential 
Dissolved oxygen 
Turbidity 

3 of3 

**Field 
VOAs' Parameters 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 
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Monitoring Monitoring 
Location Station 

1 

1 

7 

7 
11 

11 

12 

12 

13 

13 

NFSS Perimeter 
15 

15 

28 

28 

29 

29 
36 

36 

122 

122 

123 

123 

8 

8 
10 

10 

18 

IWCS Perimeter 
18 

21 

21 

23 

23 

24 

24 

105 

105 

Background 
116 

116 

120 

120 
Average 

Background 

Table 2 
2008 External Gamma Radiation Dose Rates 

Niagara Falls Storage Site 

Gross OSL Data a Gross OSL Data a Normalized Gross TLD 
(mrcm) (mrcm) 

Datab (mrcm/yr) (12/18/07- 07/01/08)' (07/1/08- 12/17/08)' 
17 18 35.! 

18 20 38.1 

19 15 34.1 

12 17 29.1 

14 12 26.1 

10 15 25.1 

15 19 34.1 

13 16 29.1 

12 18 30.1 

15 16 31.1 
14 16 30.1 

19 14 33.1 

24 19 43.1 

23 22 45.1 

20 18 38.1 

20 21 41.1 

24 16 40.1 

22 17 39.1 

17 18 35.1 

19 20 38.6 
17 17 34.1 

15 17 32.1 

12 14 26.1 

II 15 26.1 

17 20 37.1 

17 14 31.1 

14 16 30.1 

17 15 32.1 

15 13 28.1 

17 16 33.1 

17 19 36.1 

17 19 36.1 

13 18 31.1 

17 15 32.1 

19 17 36.1 

16 14 30.1 

13 13 26.1 

II 18 29.1 

16 16 32.1 

19 16 35.1 

15.7 15.7 31.4 

All data repmted fi·om the vendor arc gross results m mrem per momtonng penod. 

Page 1 of l 

CY2008 Net OSL Datac 
(mrem/yr) 

3.7 

6.7 

2.7 

-2.3 

-5.3 

-6.4 

2.7 

-2.3 

-1.3 
-0.3 

-1.3 

1.7 
11.7 

13.7 

6.7 

9.7 

8.7 

7.7 
3.7 

7.2 

2.7 

0.7 

-5.3 

-5.3 

5.7 

-0.3 

-1.3 
0.7 

-3.3 

1.7 
4.7 

4.7 

-0.3 

0.7 

Gross data for each period arc normalized to a daily dose rate, averaged, and then normalized for the length of the leap year (366 days). 

Net data are corrected by subtracting the average normalized background value. 

Exposure period date fonnal mm/dd/yy. 

OSL =Optically Stimulated Luminescence 
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Table 3 
2008 Radon Gas Concentrations' 

Average Daily Concentration (pCi/L)b 

Monitoring Monitoring Start Datesd: 12/18/2007 I 
Location ' Station End Datesd: 7/1/2008 

NFSS I < 0.2 

Perimete1g 7 <0.2 
II <0.2 
12 <0.2 

12 (dupe) < 0.2 

13 < 0.2 

15 <0.2 

28 <0.2 

29 <0.2 

36 <0.2 

122 <0.2 

123 <0.2 

IWCS' 8 <0.2 

Perimeter 10 <0.2 

18 <0.2 

21 <0.2 

23 <0.2 

24 <0.2 

Background 105 < 0.2 

116 < 0.2 
120 < 0.2 

a. Radon gas concentrations were measured with RadTrak® detectors. 

These detectors measure the combined concentration of radon-220 and radon-222 

in air. 

b. pCi!L - picocuries per liter. 

c. Monitoring locations are shown on site map. 

d. Detectors were installed (stmt date) and removed (end date) on the dates listed. 
e. A quality control duplicate is collected at the same time and location and is 

analyzed by the same method for evaluating precision in sampling and analysis. 

7/1/2008 

12/17/2008 

0.3 

0.3 
0.2 

<0.2 

0.2 
0.2 

0.3 
<0.2 

0.3 
<0.2 

0.3 
< 0.2 

0.2 
0.2 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

f. Monitoring locations are at the perimeter of the interim waste containment structure (IWCS). 

g. Monitoring locations are at the perimeter of the site with exception of monitoring location 123. 

Note: DOE off-site limit for radon-222 concentration is 3.00 pCi/L. 
( <0.2 ) Indicates detection limit is reported. Actual result is less than this value. 

l pCi ~ 0.037 becquerel 

T-Il 
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Table 4 
2008 Radon Flux Monitoring Rcsultsa 

Niagara Falls Storage Site 

I Flux 

NFSS 
Sample ID (pl.llm IS) 

I j0.07660 
2 u 0.04897 
3 u 0.07181 
4 U Hl6392 

5 o.04815 1 ±10.01447 
6 u 0.07575 
7 u 0.08489 
8 u 7147 
9 u 0.03345 
10 0.08968 

10-DUPb U 0.09612 
11 17990 
12 u 0.12120 
13 u 0.04466 
14 u 0.04510 
15 ).03573 
16 u 0.04748 

± .04070 

± 10.02915 
± 10.02245 
± 10.04698 

± 10.02018 
± 10.04476 
± 10.02655 
± 10.02512 

11 u 1o.o5oo7 1 ± o.o2776 
18 u I0.058o2 I± o.o3192 
19 ).0>202 

20 u 10.02669 1 ± o.o2149 
20-DUP' u 10.04762 I± 0.03295 

21 u 10.07385 

22 IQ"l9196 
23 u !0.03671 
24 u !o.o2123 I± o.o2I59 
25 u 10.03367 1 ± o.o218o 
26 u 4939 

27 !0.08960 
28 u 1o.o6123 1 ± o.o3o34 
29 u 
30 u .!7416 

30-DUP' U '0.06147 
31 u 0.04637 ±10.02435 
32 u 0.04300 
33 1.00857 
34 u 0.04396 

35 u 0~ .. 05 ~8 
f------:3o:-6-+U"--fn'0.>2 ± 10.01876 

37 Ql: >70 
38 u 0.02746 ±10.01960 
39 u 0.05599 
40 u 10.00600 

40-DUP' u IQ"l3417 
41 u 10.04155 
42 u 10.05523 

43 u 10.08843 
44 u 
45 u 10.07256 
46 u 10.05023 
47 u 10.036; 

48 101)6382 
49 u j0.05040 
so u ,o.04952 

50-DUPb U 0.03630 

± 10.01639 

± 10.02000 
± 10.02277 
± 10.03461 
± 10.03949 
± 10.04100 
± 10.04026 
± 10.03974 

I MDA 
10.02772 
10.07154 
10.08064 
).08745 

10.02788 
10.09396 
'0.09480 

.09298 
0.05932 
0.03961 
0.09943 

.03215 
0.10730 
0.07176 
0.06495 
1.06901 

0.06764 
0.07487 
0.07589 
0.08818 
0.05157 
0.07052 
0.05692 

W3990 
0.06049 

10.05788 
10.05539 

1~07769 

10.02815 
10.08081 
10.04123 
10.08467 
10.08095 
10.06498 
10.06686 
10.05625 
10.06671 
10.08034 
10.05199 
10.03519 
10.05267 
10.08336 
0.04135 
0.05499 
0.06138 
0.07996 
0.09158 
0.10240 
0.08132 
0.08468 

o.-J5903 
0.03490 
0.06906 
0.07120 
0.05864 

NFSS 
Sample ill 

51 10.02737 
52 u 10.03420 
53 u 10.04101 

54 u 10.06912 
55 u 10.05430 
56 u 10.04779 
57 u 10.04180 
58 u 10.03119 
59 u 10.04341 
60 u 10.05583 

60-DUP'' U 10.03874 
61 10.06357 
62 10.23490 
63 u 10.08423 
64 u 10.01937 
65 u .04656 
66 u 0.04461 
67 u 0.02588 
68 u 0.00320 
69 u .0552; 
70 u 0.05514 

70-DUP' U 0.06768 
71 u 0.02924 
72 u .04424 
73 0.07925 
74 u 0.05683 
75 u 0.06380 

76 .05953 
77 u 0.03971 
78 u 0.04149 
79 u 0.04804 
80 u .06474 

80-DUP' U 0.05277 
81 u 0.05052 
82 u 0.04604 
83 u 1.04403 
84 u 0.02683 
85 u 0.08949 
86 u 0.04071 
87 1.07053 
88 u 0.06111 
89 u 0.01541 

90 u 10.08621 
90-DUP' 1.11620 

91 u 10.07590 
92 u 10.05453 
93 u 10.03494 
94 ).05041 

95 u 10.04081 
96 u 10.03633 
97 u !0.03592 
98 ).08241 
99 u '0.05145 
100 u 0.05878 

100-DUPb U 0.09947 

T-12 

IFIIIX 

)3101 

I± o.oi855 

0.03179 

13 

. 0.03313 

0.02875 
0.03701 

12 
0.03212 
1.03705 

10.02126 

0.02901 

IMDA 
10.05530 
10.05905 

~~ 
10.07180 
10.07280 
'0.06410 

. )5931 

0.06573 
0.08151 
0.06559 

. 7523 
0.04055 
0.08601 
0.05370 
1.06791 

0.07310 
0.05586 
0.05240 
1.07558 

0.08063 
0.08781 
0.06118 
1.06535 

0.04598 
0.07547 

~~ 
0.06610 
0.07244 
0.07989 
1.08721 

0.07987 

10.08342 
10.07205 
).07739 

10.05950 
10.10170 
10.06600 
).09869 

10.08257 
10.05764 
!0.09744 
).03198 

!0.10120 
!0.08827 
!0.06177 

.08432 

!0.06715 
!0.07015 
'0.06506 

.01209 
0.07721 
0.10240 
0.11290 
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Table 4 

2008 Radon Flux Monitoring Resultsa 

Niaga.-a Falls Sto.-age Site 

Radon-222 Flux 

NFSS 
Sample lD MDA 

101 0.07361 ± j0.04156 0.09195 
102 u 0.06915 ± j0.03485 0.09311 
103 u 10.02087 ± 0.01925 0.05452 
104 u 10.05011 0.09078 
105 u 10.03845 1± 0.02717 0.06765 
106 u 10.05466 0.08073 
107 u 10.02956 10.05881 
108 u 10.08063 IO.l04l0 
109 U jO.Ol050 10.05125 
110 u !0.04083 10.07530 

110-DUP' U 0.00955 10.05692 
Ill 0.06592 I± ).01841 10.03803 
112 u 0.05723 10.08178 
113 u 0.01172 10.05899 
114 u 0.07325 ± 10.04808 !0.09799 
115 u .04003 ).02544 i0.07ll9 
116 0.06283 ± 10.02011 0.02602 
117 u 0.02027 ± 10.02354 0.06343 
118 u 0.04077 ± 10.03026 0.07036 
119 u 11230 .04740 122 
120 u 0.00240 ± 10.02376 0.05261 

120-DUP" U 0.04147 ± !0.02501 0.06674 
121 u 0.02063 ± !0.02636 0.06727 
12; u 1.07744 .03336 .08721 
123 u 0.07139 ± j0.03378 0.09066 
124 u 0.00718 ±!0.02133 0.05124 

126 10.06053 . Q; . 12978 
125 u 10.07924 ± 10;4 0.09615 

127 u 10.03984 ± !0.03492 0.07641 
128 10.07942 0.02126 0.03793 
129 u 10.05259 0.10090 
130 10.04612 1± 0.01618 0.03280 

130-DUP" u 10.04752 I± 0.02776 0.07210 
131 !0.07038 10.04665 
132 u !0.03903 10.07976 
133 u 1± 0.01717 10.03901 
134 u !0.07172 10.09272 
135 !0.07532 I± o.ol989 1o.oo976 
136 u 0.05466 10.09283 

137 u 0.05303 10.07503 
138 u 0.10220 10.11460 
139 u 0.03095 10.06049 
140 u 0.01579 10.06314 

u 0.05848 10.08432 
141 u 0.02139 10.07198 
142 u 0.05229 ± 10.03137 !0.07935 

NFSS 
Sample ID 

151 10.06209 
152 u '0.06928 
153 u 0.00924 
154 u 0.05514 
155 u 0.04256 
156 u 0.05377 
157 0.06598 
158 u 0.07029 
159 u 0.04799 
160 u 0.03818 

160-DUP' U 0.04264 
161 u 0.07265 
162 u 0.05074 
163 u 10.01621 
164 u 10.06716 
165 u 10.04603 
166 u 10.03860 
167 10.06568 
168 u 10.13050 
169 u ).05379 
170 10.07637 

170-DUP" U 10.06504 

173 10.10850 
174 u 10.01237 
175 u 10.07921 
176 ).01940 
177 u 10.00715 
178 u !0.00521 
179 u '0.07862 
180 .06914 

180-DUP' U 0.08115 
181' u 0.01054 
182' 0.05763 
183' u . 12055 

Avcmgc U 0.02957 

IWCS 
Average: 

High 
Low 

Radon-222 Flux 

MDA 
0.07697 

0.03770 0.09586 
0.05103 

0.03216 0.08661 
0.07928 
0.08661 
0.03351 
0.10320 
0.07434 
0.07243 

10.07656 
10.04229 10.10180 
10.03253 10.08042 
10.02545 10.06483 
10.03519 10.08761 
10.02631 10.07364 
10.03360 10.07520 
10.02124 10.04170 
10.05390 10.12370 
10.02971 10.08131 
j0.02127 10.04412 
j0.03555 !0.09202 
!0.04527 jO.ll540 
10.04231 !0.10990 
j0.02462 j0.03979 
j0.02439 j0.06l97 
!0.03652 !0.09512 
1.02967 10.07254 
0.01968 j0.04964 

34 10.05362 
0.03542 0.09242 

10720 
0.10450 

O.D1817 0.04907 
0.03385 
.15534 

All Values Units 

0.05368 (pCi/m%) 

0.23490 (pCi/m2/s) 
-0.00860 (oCi/m2/s) 

f---C' ll4~3---j-;Uc;..+.;0~.052W:;-'ll O;---j.:;f,;±I0:;;:;:;.0280';65 1l:-fn0~.076':;;4! 11;----j NOTE: The EPA Stmtd"'d fm Radon-222 Flux is 20 pCiim'iscc 
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144 U 0.09214 ± 10.04759 0.11040 a. Radon-222 flux was perfonned on August 4-5,2008 
f--7ll·4C'-5---i-;U';-t0~.065'3.;,;-62--tc+.;±IO';;;.OI3':0;3ll.,.;l2:--b0~.082-;c4!li:----J b. Eve1y lOth canister is counted twice as a quality control (QC) duplicate to 

146 U 10.04883 ± 10.04743 0.08999 evaluate analytical precision. 

f---C' ll • 4;;,-7---j-;Uc;..+.;I0.~03ll8l~6--f.:;f,;±I0:;;: .. 002;:;;;;;088:.._f,;0.=;;:.005:;;;;::844'----I c, Background: 181-Lewiston-Porter Central School 
148 U 10.04915 ± /0.02905 0.07951 182-Balmct· Rd. (CWM Sccondaty Gate) 

149 u 10.04658 ± /0.03104 0.07481 183-Lcwiston Water Pollution Control Center 

~~~ ll: 5~0djUt@!0.~040l~>75=:Efu·~02~444t=@0.~006~9JI~ II' 9d d, Validated 'Qualifier: U - indicates that no analyte was detected (Non-Detect). 
L 150-DUP' u 10.00466 0.04645 

T-13 

L 
I 

1-
: 



r 

---- -· ,_ '' ·-----
Temperature 

Wel!ID Date ("C') 

A45 6/12/2008 15.2 

A50 6/12/2008 18.2 

OW04B 6/13/2008 17.8 

OW06B 6/16/2008 20.7 

OW13B 6/10/2008 16.5 

OW15B 6/13/2008 21.9 

OW17B 6/17/2008 17.5 
B02W20S 6/11/2008 20.6 

0Wl8B 6/18/2008 15.8 

313 6/11/2008 15.5 

505 6/18/2008 13.8 

302A 6/17/2008 17.8 

A42 6118/2008 14.4 

BH49A 6/17/2008 15.9 

OW04A 6117/2008 14.8 

OWllB 611112008 14.6 

415A 6/17/2008 11.4 

-;-! 
201A 6/18/2008 16.6 

... A45 10/27/2008 11.6 

A50 10/28/2008 9.2 

OW04B 10/27/2008 12.8 

OW06B 10/28/2008 11.0 

OW13B 10/28/2008 9.3 

OW!SB 10/27/2008 12.3 

OW17B 10/28/2008 11.1 

B02W20S 10/29/2008 11.4 

OW18B 10/28/2008 11.1 

313 10/29/2008 10.9 

505 10/29/2008 9.9 

302A 10/29/2008 11.4 

A42 10129/2008 11.4 

BH49A 10/30/2008 13.5 

OW04A 10/29/2008 9.6 

OW11B 10/30/2008 14.7 
415A . 10/29/2008 9.2 

201A 10/30/2008 13.0 

Table 5 
2008 Field Parameter Summary 

Niagara Falls Storage Site 

Spec. Cond. DO' ORP' 

pH (uS/em c) (mg!L ') (mY') 

8.71 2233 1.24 48 

7.07 1123 2.65 126 

9.07 1953 0.31 -94 

6.73 1439 4.40 -32 

7.68 2492 1.18 132 

7.23 lOll 3.15 139 

7.93 1244 0.23 49 

7.10 1293 0.52 73 

7.24 2322 0.32 109 

7.79 4071 7.29 85 

8.10 4383 0.99 120 

6.56 7164 0.18 102 

8.09 1168 0.20 145 

7.10 1384 0.29 80 

8.38 1131 0.22 122 

7.42 1447 0.34 38 

9.28 2544 0.44 13 

8.57 1541 0.76 -8 

6.84 2072 0.11 -197 

6.98 1727 0.26 94 

7.02 2119 0.26 19 

7.01 1780 0.27 -5 

6.84 2448 0.43 137 

6.95 1558 1.43 153 

7.25 1424 0.34 60 

7.16 1374 1.12 108 

7.22 2310 0.47 14 

6.62 4254 0.54 28 

6.8 4555 0.86 32 

6.87 8267 1.09 69 

6.86 1293 0.13 60 

7.22 1691 0.19 -300 

8.03 1306 0.47 -78 

6.95 1597 0.27 111 

6.60 2816 0.51 -14 

6.99 1704 3.24 134 

Page 1 of2 

Turbidity Volume Discharge 

(NTUh) Purged (Litersi) milliter p1tf 
0.0 5.60 280 

7.5 3.10 102 

1.6 4.24 141 

1.9 4.10 116 

0.9 4.34 97 

0.1 3.60 103 

0.3 5.90 131 
2.5 3.53 118 

4.8 3.16 105 

1.5 3.30 110 

0.0 3.91 98 

31.2 3.84 96 

0.0 3.99 133 

1.8 2.77 92 

16.1 2.67 107 

6.5 4.40 112 

0.3 3.29 132 

0.2 4.40 110 

3.1 4.10 164 

3.2 3.41 171 

0.4 3.40 225 

3.0 3.09 103 

4.2 4.56 101 

6.8 5.11 113 

0.9 4.60 153 

7.7 4.45 171 

3.2 3.25 108 

3.8 1.80 51 

23.0 1.40 40 • 

3.9 3.55 101 

0.8 8.25 275 

3.2 6.45 215 

3.3 3.38 135 

11.4 3.86 110 
9.9 3.20 80 

7.5 2.67 89 
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SURFACE WATER 

Surface Water Date Temperature 

SWSD009 6/11/2008 19.07 

SWSD010 6/18/2008 18.5 

SWSDOll 6/16/2008 20.8 

SWSD021 6/ll/2008 20.2 

SWSD022 6/17/2008 17.5 

SWSD023 6/1112008 ' 
SWSD024 6113/2008 21.5 

WDD! 6/11!2008 23.1 

WDD2 6/12/2008 19.2 

WDD3 6/12/2008 19.0 

SWSD009 10/29/2008 10.4 

SWSD010 10/29/2008 6.8 

SWSDOll 10/30/2008 ' 
SWSD021 10/30/2008 * 
SWSD022 10/30/2008 * 
SWSD023 10/29/2008 10.4 

SWSD024 10/28/2008 13.6 

WDDl 10/27/2008 12.2 

WDD2 10/27/2008 10.9 

WDD3 10/28/2008 12.8 

a. °C Degrees Celsius. 
b. Spec. Cond. ~ Specific conductance. 
c. uS/em- microSiemens/centimeter. 
d. DO - Dissolved oxygen. 
e. mg/L- milligrams per liter. 
f. ORP- Oxidation-Reduction potential. 
g. m V - milliVolts. 
h. NTU- Nephelometric turbidity units. 

Table 5 

2008 Field Parameter Summary 

Niagara Falls Storage Site 

Spec. Cond. DO ORP 

pH (uS/erne) (mg/L ') (mV') 

7.06 1677 6.29 164 

7.63 1433 8.12 146 

7.05 187 7.02 187 

9.79 717 3.46 179 

7.23 655 5.84 139 

' ' ' ' 
5.79 1224 7.02 102 

9.70 1609 3.86 143 

7.03 1574 5.30 79 

7.33 1541 5.35 75 

7.04 2098 8.15 145 

7.74 1333 9.10 97 

' ' ' ' 
' * ' * 
* * * ' 

7.39 1390 10.94 135 

7.47 1164 9.79 138 

7.06 1231 11.70 171 

7.01 1323 11.33 176 

7.20 1245 9.79 150 

i. 1-Liter = 0.26 gallons 

Tw"bidity Volume Discharge 

(NTUh) Purged (Litersi) milliterPM 

40.3 NA NA 
15.7 NA NA 
10.0 NA NA 
17.0 NA NA 
20.0 NA NA 
NA NA NA 
15.8 NA NA 
3.2 NA NA 
1.0 NA NA 
3.8 NA NA 

NA NA NA 
42.30 NA NA 
NA NA NA 
NA NA NA 
NA NA NA 

13.70 NA NA 
15.30 NA NA 
7.20 NA NA 
7.00 NA NA 

10.80 NA NA 

j. milliliter PM= milliliter per minute (lOOOml = 1.0 liter) 
NA- Not applicable 
* ~parameters not taken 
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Table 6 NFSS Spring 2008 Environmental Surveillance Program Findings for Surface Water 

Surface \Vate1· 
Location* PARAMI!:T~R* ANALYTE RESUL1 

*Surface Water Location 
SWSD009 and SWSD021 -Site Background 
SW-DUP (SWSDOll) - Pield Duplicate of surface water and sediment location SWSDOl I 

*PARAMETER 
VOC- Volatile Organic Compound 
I'AH- Polycyclic Aromatic Hydrocarbon 
PCB - Polychlorinated Biphenyl 

*UNITS 
pCi/L- picocurics per liter 
Jlg/L- micrograms per liter (ppb) 

*QUALIFIER 
Validated Qualifier: J- indicates an estimated value. 
Validated Qualifier: U- indicates that no analytc was detected (Non-Detect). 

*Detection or Reporting Limit 
Radiological- Minimum Detectable Activity (MDA) 
Inorganic (Metal)- Method Detection Limit 

**Surface Water at NFSS is not a drinking water source. 

The above federal and state regulation concentrations are for comparative purposes only. 

Federal Regulations: 

National Primary Drinking Water Regulations 40CPR14I.62&63 

US Dept of Energy· 

USDOE derived concentration guide (USDOE Order 5400.5) for drinking water. 

New York State: 

New York State Standards -Water Quality Criteria(class GA) per 6 NYCRR, Part 703. 

a. Applies to the sum ofRa-226 and Ra-228 

b. "Adjusted" gross alpha MCL of IS pCi/L, including Thorium isotopes, excluding radon and uranium 

-• 

-National Primary Drinking Water Regulations; Radionuclide; Final Rule (l'ederal Register -December 7, 2000) 

c. Sum of Uraaium Isotopes (27 pCiiL or 30 J.lg/L). 

d. National Secondary Drinking Water Regulations (40CFR143.3) 

c. Applies to the sum ofcis- and trans-1,3-dichloropropene, CAS Nos. 10061-01-5 and 10061-02-6, respectively. 

f. Not a sum total for Dimethyl Benzene (Xylene) applies to 1,2--Xylcnc, 1,3-Xylenc and 1,4-Xylcne individually. 

g. Sum of Aroclors (polychlorinated biphenyls) 
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Table 7 NFSS Fall2008 Environmental Surveillance Program Findings for Surface Water 

Surface \Vater 
Location* PARAMRTER* 

''"''" 
SWSD009- S1te Background 
SWSD021 -Site Background 

ANALYTE RESULT 

SW-DUP (SWSDOll) -Field Duplicate ofsurtUcc water and sediment location SWSDOll 

*PARAMETER 
VOC- Volatile Organic Compound 

I'AH- Polycyclic Aromatic Hydrocarbon 
PCB -Polychlorinated Biphenyl 

*UNITS 
pCiiL- picocuries per liter 

).I giL- micrograms per liter (ppb) 

*QUALIFIER 

Validated Qualifier: J indicates an estimated value. 
Validated Qualifier: U- indicates that no analytc was detected (Non-Detect). 

*Detection or Reporting Limit 

Radiological- Minimum Detectable Activity (MDA) 

Inorganic (Metal)- Method Detection Limit 

** Surface water nt NFSS is not a drinking water source. 
The above rctlcml and stale regulation concentrations arc for compar;11ive pUI"poscs only. 

Federal Regulations: 

National Primary Drinking Water Regulations 40CFR 141.62&63 

US DeptofEncrgy: 

US DOE derived concentration guide (USDOE Order 5400.5) for drinking water. 

New York State: 
New York State Standards -Water Quality Criteria (class UA) per 6 NYCRR, Part703. 

NE- Not Established 

a. Applies to the sum ofRa-226 and Ra-228 

• . ~ 
8 

~ ~0 
• 'e 
0 

" ;&J 

b. "Adjusted" gross alpha MCL of 15 pCi/, including Thorium isotopes, excluding radon and uranium 

~ 
§ 

-National Primary Drinking Water Regulations; Radionuclide; Final Rule (Federal Register-December 7, 2000) 

c. Sum ofUranium Isotopes (27 pCiiL or 30 j.tg/L). 
d. National Secondary Drinking Water Regulations (40CFRI43.3) 
c. Applies to the sum of cis- and trans-! ,3--dichloropropene, CAS Nos. 10061-01-5 and 10061-02-6, respectively. 

f. Not a sum total for Dimethyl Benzene (Xylene), applies to 1,2--Xylcne, 1,3-Xylcne and 1,4-Xylene individually. 

g. Sum of Aroclors (polychlorinated biphenyls) 
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Table 8 NFSS Spring 2008 Environmental Surveillance Program Findings for Sediment 

SEDIMKNT 
LOCATION* PARAMETER* 

*SEDIMENT LOCATION 
SWSD009 -Site Background 

ANALYTE RESUL'I UNITS* 

SW-DUP (SWSDOII) -Field Duplicate of surface water and sediment location SWSDOll 

*PARAMETER 
VOC- Volat1lc Organic Compound 
P AH- Polycyclic Aromatic Hydrocarbon 
PCB -Polychlorinated Biphenyl 

*UNITS 
pCi/g- picocuries per gram 
mglk:g- milligrams per kilograms (ppm) 
Jlglk:g- micrograms per kilogram (ppb) 

*QUALIFIER 
Validated Qualifier: J- indicates an estimated value. 
Validated Qualifier: U- indicates that no analyte was detected (Non-Detect). 

*Detection or Reporting Limit 
Radiological- Minimum Detectable Activity (MDA) 
Inorganic (Metal) - Method Detection Limit 

" .§ 
' 0 

,t fr 
" ' 0 

[] 

j 
• 
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• 
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u Values are provided for comparative purposes only. ARARs and media-specific cleanup goals will be evaluated independently and 
presented In future CERCLA decision documents that will be available for public comment. 

**US Dept of Energy· 
DOE above-background surface soil cleanup criteria, averaged over topmost 6 in. (15 em) of soil. Because 
there arc no standards for radioactive constituents in sediment, these soil values (without background 

**New York State· 
6 NYCRR PART 375 
NY State- Unrestricted Usc Soil Cleanup Objectives Table 375-6.8(a) 
NY State- Restricted Use Soil Cleanup Objectives Table 375-6.8(b) -Industrial 
NE- Not Established 

a. Applies to the sum of Ra-226 and Ra-228 concentrations 
b. Sum of uranium isotope concentrations (pCi/g). 
c. Total Mercury 
d. Sum of endosulfan I, endosulfan II, and endosulfan sulfate 
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SEDIMI~NT 

LOCATION* PARAMETER* 

*SEDIMENT LOCATION 

SWSD009- Site Background 

ANALYTE RESULTS 

SW-DUP (SWSDOII) -Field Duplicateofsurfuce water and sedimient location SWSDOll 

*PARAMETER 

VOC- Volatile Organic Compound 

PAil- Polycyclic Aromatic Hydrocarbon 

PCB·_ Polychlorinated Biphenyl 

*UNITS 

pCi/g- picocuries per gram 

mglkg- milligmms per kilogmms (ppm) 

Jlglkg- micrograms per kilogram (ppb) 

*QUALIFIER 

Validated Qualifier: J- indicates an estimated value. 

Validated Qualifier: U- indicates that no analytc was detected (Non-Detect). 

Detection or Reporting Limit* 

Radiological- Minimum Detectable Activity (MDA) 

Inorganic (Metal)- Method De!ection Limit 
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**Values are provided for comparative pmposes only. ARARs and media-specific cleanup goals will be evaluated independently future 
CERCLA and 11resented in decision documents that will be available for public comment, 

**US Dept of Energy: 

DOH above-background surface soil cleanup criteria, avemged over topmost 6 in. (15 em) of soiL Because 

there are no standards for mdioactivc constituents in sediment, these soil values (without background 

**New York State: 

6 NYCRR PART 375 

NY State- Unrestricted Usc Soil Cleanup Objectives Table 375-6.8(a) 

NY State- Restricted Use Soil Cleanup Objectives Table 375-6.8(b) -Industrial 

NE- Not Established 

a. Applies to I he sum of Ra-226 and Ra-228 concentmtious 

b. Sum ofumnium isotope concentrations (pCilg). 

c. Total Mercury 

d. Sum of cndosulfan I, endosulfhn II, and endosulfan sulfl1tc 

Table 9-23 

23 of23 

L 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater I of 14 

I : 

Table lO - 1 



Table 10 NFSS Spring 2008 Environmental Surveiliance Program Findings for Groundwater 2 of 14 

I 
L 

Table 10 -2 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 3 of 14 

i 
I 

Table 10 -3 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 4of 14 

h 

Table 10 -4 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 5 of 14 

I 

I~ 

I 
I 

Table 10 -5 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 6 of 14 

I I 

Table 10 -6 



I 
leci 

Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 7 of 14 

Table 10 -7 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 8 of 14 

Table 10 - 8 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 9 of 14 

Table 10 -9 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 10 of 14 

Table 10 - 10 



Table 10 NFSS Spring 2008 Envirornncntal Surveillance Program Findings for Groundwater 11 of 14 

TablclO -11 



Table 10 NFSS Spring 2008 Environmental Survei11ance Program Findings for Groundwater 12 of 14 

L 

Table 10 - 12 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 13 of 14 

I !___- i 

Table 10 - 13 



Table 10 NFSS Spring 2008 Environmental Surveillance Program Findings for Groundwater 

NI•'SS WELL ID* PARAMETER* 

*NFSS WELL lD 
B02W20S- Background 

ANALYTF: 

GW-DUI'(A50) -Field Duplicate of well location A50 

*PARAMETER 
VOC- Volatile Organic Compound 
PAH- Polycyclic Aromatic Hydrocarbon 
I'CB - Polychlorinated Biphenyl 

*UNITS 
pCi/L - picocnries per !iter 
Jlg/L- microgr.uns per liter (ppb) 

*QUALIFIER 
Validated Qualifier: J- indicates an estimated value. 
Validated Qualifier: U - indicates that no ana!yte was detected (Non-Detect). 

*Detection or Reporting Limit 
Radiological- Minimum Detectable Activity (MDA) 
Inorganic (Metal) - Method Detection Limit 

** Groundwate•· at NFSS is not a drinking water source. 

• 00 ... 
RESUL'l § 

The above federal and state regulation concentrations are for comparative purposes only. 

Federal Regulations: 

National Primary Drinking Water Regulations 40CFR 141.62&63 

US Dept of Energy: 

USDOE derived concentration guide (USDOE Order 5400.5) for drinking water. 

New Y ark State: 

New York State Standards -Water Quality Criteria (class GA) per 6 NYCRR, l'art703. 

a. Applies to the sum ofRa-226 and Ra-228 

"' I 
Cl 

b. "Adjusted" gross alpha MCL o.f 15 pCi/L, including Thorium isotopes, excluding radon and uranium 

• .• 
a~ 
0 " ~~ 
0 0 

~ g. 

"" 

-National Primary Drinking Water Regulations; Radionuelide; Final Rule (Federal Register -December 7, 2000) 

c. Sum of Uranium Isotopes (27 pCifL or 30 J.lg/L). 

d. National Secondary Drinking Water Regulations (40CFRI43.3) 

c. Applies to the sum of cis- and trans-! ,3-dichloropropene, CAS Nos. 10061-01-5 and 10061-02-6, respectively. 

f. Not a sum total for Dimethyl Benzene (Xylene), applies to 1,2--Xylcnc, 1,3-Xylcnc and 1,4-Xylcnc individually. 
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Table 11 NFSS Fall2008 Environmental Surveillance Program Findings for Groundwater 

NFSS WELL ID* PARAMETER* 

*NFSS WELL ID 
B02W20S -13ackground 

ANALYTE 

GW-DUP(OW04B) - Field Duplicate of well location OW04B 

*PARAMETER 
VOC- Volatile Organic Compound 
PAH- Polycyclic Aromatic Hydrocarbon 
PCB - Polychlorinated Biphenyl 

*UNITS 
pCi/L- picocnrics per liter 
~tg/L- micrograms per liter (ppb) 
mg!L- milligrams per liter (ppm) 

*QUALIFIER 

Validated Qualifier: J- indicates an estimated value. 
Validated Qualifier: U- indicates that no analyte was detected (Non-Detect). 

*Detection or Reporting Limit 
Radiological- Minimum Detectable Activity (MDA) 
Inorganic (Metal) - Method Detection Limit 

Organic 

** Groundwater at NFSS is not a drinking water source. 

RESUL 

The above federal and state regulation concentrntions arc for comparative pnrposcs only. 

Federal Regulations: 

National Primary Drinking Water Regulations 40CFRI41.62&63 

US Dept ofEnerny: 

US DOE derived concentration guide (USDOE Order 5400.5) for drinking water. 

New York State: 

New York State Standards -Water Quality Criteria (class OA) per6 NYCRR, Part 703. 

a. Applies to the sum ofRa-226 and Ra-228 

b. "Adjusted" gross alpha MCL of 15 pCi/, including Thorium isotopes, excluding radon and uranium 

-National Primary Drinking Water Regulations; Radionuclide; Final Rule (Federal Register December 7, 2000) 

c. Sum of Uranium Isotopes (27 pCi!L or 30 ~tg/L). 

rl. National Secondary Drinking Water Regulations (40CFR143.3) 

c. Applies to the sum of cis- and trans-1,3-dichloroprcpene, CAS Nos. 10061-01-5 and 10061-02-6, respectively. 

~ 
s 

:::~ 
0 !f 
~'f 
0 0 
$ ~ 

~~ 

f. Not a sum total for Dimethyl Benzene (Xylene), applies to 1,2--Xylene, 1,3-Xylene and 1,4-Xy!ene individually. 

Table ll-14 

~ 

14 of 14 

!! ~ 

I l~ H g~ 

L 

1--



ESTM 2008 -NFSS 

FUSRAP NIAGARA FALLS STORAGE SITE 

2008 

FIGURES 

ENVIRONMENTAL SURVEILLANCE TECHNICAL MEMORANDUM 

US Army Corps 
of Engineers ® 

Buffalo District 
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NFSS SITE LOCATION 
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Cain "" 

• • • • • 
Balmer R~ • 

• • 
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Rodge , 

Sh 

Tonnwnnda Slotc . 
W o&dll f!!JMgt Aroo 

11 A la 

-ea 
I 

r \ 

Monitoring Location. : 116 
Balmer Rd (CWM Secondary Gate) 

• 
• ~ •• " a' 

~FSS l 
- Plotchor Rd-- lj I 

Monitoring Location.: 120 ~ 
Lewiston Water Pollution Control Center 

tl I. Svr.mn R d l Sw0111n R d J J 

®.' ,. - j. i 
H L~ a', i 
;;; 

Radon-220/Radon-222 Average Concentration Monitoring 
and External Gamma Radiation Monitoring Locations 
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OW14B. 
OW14A. 

Cl 

~~ ·808A 

~ 
• BM 

Elev. 319.69 
N015, W020 

Grt~vcl :;;o;:c· 

OW15~ (j 
OW15A ~ 

~ 

: ~ I 

OW16B. • 
OW16A·~~ 

I: I 
OW17A. 

OW17B q 
~ . 

~ 
@!J 

OW06B 

r 
l 

' .OW10B 
1 • Hittman 
~ Building 

I - ~ ­OW10A 

. -. - - - - - - - - - - - - - - .... - - - Jl - - • . 
• OW13A 

Added well and SW/SED locations - circled. 

"N" STREET 

• • 215A, 

' 213A • 

--

411A 

N 

~. 
~422 

Niagara Falls Storage Site (NFSS) 
1397 Pletcher Road 
Lewiston, NY 14174 

FUSRAP - USAGE - Buffalo District 
B02W20S BH60 

it-== ----------~ .I 180 179 178 177 176 1~5 17~ 17~ 172 ] 

I 163 164 165 166 167 168 169 170 171 I 
I 

N 162 161 160 159 158 157 156 ISS 154 I 
I 145 146 147 148 149 150 151 152 153 

I 
144 143 142 141 140 139 13a 13? 136 

127 128 129 130 131 132 133 134 135 I 
I 126 125 124 123 122 121 120 119 118 I 

I NFSS 1 109 110 111 112 113 114 115 116 117 

I 
Waste 

1 
108 107 106 105 104 103 102 101 100 

I 
Containment 

91. 92 93 94 95 96 97 98 99 I 
Structure 90 89 88 87 86 85 84 83 82 . I (WCS) 73 74 75 76 77 78 79 80 81 I 

Canisters spaced 

w-f-E I 
15 meters apart 72' 71 70 69 68 67 66 6S 64 

55 56 57 SB 59 60 61 62 63 I 
54 53 52 51 50 49 48 47 46 

I 37 38 39 40 41 42 43 44 • 4S I 
I 36 35 34 33 32 31 30 29 28 I s 

---
Flow OJrvcllorT 

19 20 21 22 23 24 25 26 27 I 18 17 16 15 14 13 12 , 10 

J~oN FLU~~~~S~ 
NFSS LEGEND 

Groundwater Well location. Quarterly water level measurement. Screened interval 
as indicated by the associated symbol: 

SOUTH 31 DITCH e Upper Water Bearing Zone Well 0 Upper Water Bearing Zone Monitioring Well 

~ 
II Lower Water Bearing Zone Well 0 Lower Water Bearing Zone Monitioring Well 

A Bedrock Well 

Locations for the Biannual Radiological and Chemical Sampling (Spring and Fall) 

~~m Q OW13B 

OW07A • 
OW07B. I **MAP NOT_TO_S~ALE** I 181 Surface Water/Sediment 

Monitoring Location 
Q Upper Water Bearing Zone Monitoring Location 

D Lower Water Bearing Zone Monitoring location 

On site Radon Gas Concentration and External Gamma Radiological Monitoring Locations 

~ell ~, -

BM#4 
Elev. 319.71 
S2100, W020 

• DEC 

- -----@i 

~:· z: . .Se-:;~2n·.~o-.::~:~ 

11 
- SWSD021"£?Sr 

t 

BH12 ... • BH59 

Entr<>ni'M 

Q. Offisite Locations: #105 at Lewiston-Porter Central School 
~ #116 Balmer Rd {CWM secondary gate) 

#120 Lewiston Water Cntrl Poll. Center 

Annual Radon Flux Monitoring Event Canister Location s: #1-180 {see Above NFSS Legend} 

.........- Above Ground Drainage Ditch/Culvert 

Existing Roads Paved/Gravel 
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HydroGeoLogic, Inc.-Draft Groundwater Flow Model Calibration Technical Memorandum- Lewiston, New York 

Fill ------=-----.:-_-_ ... :-:-:-:-:-:-

~--------~~~~~~r,~~~~~~~~~p;~f,~~:+,------------------~ 
-!,~_~' !~'~ ~-~ ,_-,~,~- ~- '~- Upper Clay Till: Brown or reddish· 0: ~ ~ brown clay with significant 

UCT 

GLC 

MST 

GLC 

ASG 

BRT 

QFM 

- /J · '- '1 ~ - /1 · '. '1 amounts of silt or sand and J,_,/_1 ,-' / 
1 ~ t<f!]-;i;,~ ~ ~ interspersed lenses of sand and 

- __!
1 

, 1 . ...:
1 

_ 1 gravel. 
.{· · '- · "':{ · . ~--

" /1. ". ll - ~ ..... , .... ll 

~~ -~-~-:~~ 

Glacio-Lacustrine Clay: 
Homogeneous gray clay with 
occasional laminations of red­
brown silt and minor amounts of 
sand and gravel. 

Middle Silt Till: Gray to gray-brown 
silt with little sand and gravel. 

Glacio-Lacustrine Clay: 
Homogeneous gray clay with 
occasional laminations of red­
brown silt and minor amounts of 
sand and gravel. 

Alluvial Sand and Gravel: 
Stratified coarse sands, non­
strati fied coarse silt and sand or 
interlayered silt, sand and clay. 

Basal Red Till: Reddish-brown 
silt and coarse to fine sand. 

Queenston Formation: Reddish-
brown fissile shale. 

Filename: S:\BI!{OOt\ArcViewiF/ow Calibration Tech Memo\ 

Upper 
Water-~earing 

Zone 

Elevation Range (Feet above MSL): 
329 to 276 

Aquitard 

Elevation Range (Feet above MSL): 
319 to 259 

Lower 
Water-Bearing 

Zone 

Elevation Range (Feet above MSL): 
314 to 246 

Aquitard Two 

I Figure 7 
hydrostratigraphy. cdr 

Proj<xl: BUF00/-004-05-0.1 
Crealed by: apassarelli OJ/26102 
Re1·ised: 04117102 asp 
Source: HydroGeol.ogic. Inc .. 2002 

Schematic of Conceptualized 
Hydrostratigraphy 

U. S. Army Cotps r~/Engineers-Bt!lfalo District 
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Canada census data adapted from: Statistics Canada, 
2001 Census, Cat. No. 95F0286XCB. 

U.S. census data adapted from: U.S. Census Bureau, 
2000 Census, Summary File 1 (nygeo_uf1). 
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FIGURE 9: EXTERNAL GAMMA RADIATION DOSE RATES AT NFSS PERIMETER 
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*The United States Department of Energy (USDOE) limit for external gamma radiation is 100 mrem/year above background. 
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FIGURE 10: EXTERNAL GAMMA RADIATION DOSE RATES AT IWCS PERIMETER 
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"The United States Department of Energy (USDOE} limit for external gamma radiation is 100 mrem/year above background. 
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FIGURE 11: RADON GAS CONCENTRATION AT NFSS PERIMETER (JAN-JULY INTERVAL) 
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*The United States Department of Energy (USDOE) off-site limit for radon gas is 3.0 pCi/L above background. 
Note: Above vlaues contain detects and non-deteects (dection limit is 0.2 pCi/L). 
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FIGURE 12: RADON GAS CONCE;NTRATION AT NFSS PERIMETER (JUL-JAN INTERVAL) 
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"The United States Department of Energy (USDOE) off-site limit for radon gas is 3.0 pCi/L above background. 
•• Monitors 1 , 10 and 24 RN were found in the snow (on the ground) for an unspecified amount oftime. Therefore, those results for this exposure period were eliminated from the trend 

graph above. 
Note: Above vlaues contain detects and non-deteects {dection limit is 0.2 pCi/L). 
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FIGURE 13: RADON GAS CONCENTRATION AT IWCS PERIMETER (JAN-JULY INTERVAL) 
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FIGURE 14: RADON GAS CONCENTRATION AT IWCS PERIMETER (JULY-JAN INTERVAL) 
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FIGURE 15: TOTAL RADIUM (RADIUM-226 AND RADIUM-228) CONCENTRATION IN SURFACE WATER 
Spring Sample Collection 
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• The United States Department of Energy Derived Concentration Guide (US DOE DCG) for Total Radium is 100 pCi/L. 
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**The Safe Drinking Water Act Maximum Containment Level (SDWA MCL) for Total Radium is 5 pCi!L. Surface water at NFSS is not a drinking water source. The above concentrations 
are for comparative purposes only. 
Note 1: 2004 findings for sample SWSD010 was attributed to excess turbidity of the sample. 
Note 2: Above combined radium values include both detect and non-detect values. 
Note 3: New sampling locations are represented by a single symbol. 
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FIGURE 16: THORIUM-230 CONCENTRATION IN SURFACE WATER 
Spring Sample Collection 

300~ 

35 

-+-SWSD009 Onsite Background --SWSD021 Onsite Background 

30 ___..,_ SWSD01 0 -*-SWSD011 

~SWSD022 - USDOEDCG* 

25 
- SWDA Limit** e SWSD023 

+ SWSD024 • WDD1 
20 

¢ WDD2 • WDD3 

15 

10 

5 

0 

-5 +-------~-------r-------,-------,--------,-------,-------,-------~-------.-------,-------.-------, 

1997 1998 1999 2000 2001 2002 2003 2004 
Spring Trending Sampling Collection Year 

• The United States Department of Energy Derived Concentration Guide (USDOE DCG) for Thorium-230 is 300 pCi/L 
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**The Safe Drinking Water Act Maximum Containment Level (SDWA MCL) for Thorium-230 is 15 pCill. Surface water at NFSS is not a drinking water source. The above concentrations 
are for comparative purposes only. 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2: 2004 findings for sample SWSD01 0 was attributed to excess turbidity of the sample. 
Note 3: Above thorium-230 values contain detect and non-detect results. 
Note 4: New sampling locations are represented by a s ingle symbol. 
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FIGURE 17: THORIUM-232 CONCENTRATION IN SURFACE WATER 
Spring Sample Collection 
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**The Safe Drinking Water Act Maximum Containment Level (SDWA MCL) for Thorium-232 is 15 pCi/L. Surface water at NFSS is not a drinking water source. The above 
concentrations are for comparative purposes only. 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2: 2004 findings for sample SWSD010 was attributed to excess turbidity of the sample. 
Note 3: Above thorium-232 values contain detect and non-detect results. 
Note 4: New sampling locations are represented by a single symbol. 
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FIGURE 18: TOTAL URANIUM CONCENTRATION IN SURFACE WATER 
Spring Sample Collection 
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**The Safe Drinking Water Act Maximum Containment Level (SDWA MCL) for Total Uranium is 27 pCi/L. Surface water at NFSS is not a drinking water source. The above concentrations are for 
comparative purposes only. 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2: 2004 findings for sample SWSD010 was attributed to excess turbidity of the sample. 
Note 3: Note: Above combined total uranium (sum of isotopic urnaium) values include both detect and non-detect values. 
Note 4: New sampling locations are represented by a single symbol. 
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FIGURE 19: TOTAL RADIUM (RADIUM-226 AND RADIUM-228) CONCENTRATION IN SEDIMENT 
Spring Sample Collection 
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*The United States Department of Energy (USDOE) surface soil cleanup criterion for total radium is 5 pCi/g above background. Above Background value of 7.18 pCi/g is obtained 
when 5 pCi/g is added to the NFSS surface soil Rl background value of 2.1 8 pCi/g taken from the NFSS Remedial Investigation Report (December, 2007). 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2: Above combined radium values include both detect and non-detect values. 
Note 3: New sampling locations are represented by a single symbol. 
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FIGURE 20: THORIUM-230 CONCENTRATION IN SEDIMENT 
Spring Sample Collection 
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*The United States Department of Energy (USDOE) surface soil cleanup criterion for total thorium is 5 pCi/g above background. 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2: Above values include both detect and non-detect values. 
Note 3: New sampling locations are represented by a single symbol. 
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FIGURE 21: THORIUM-232 CONCENTRATION IN SEDIMENT 
- Spring Sample Collection 
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*The United States Department of Energy (USDOE) surface soil cleanup criterion for total thorium is 5 pCi/g above background. 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2: Above values include both detect and non-detect values 
Note 3 : New sampling locations are represented by a single symbol. 
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FIGURE 22: TOTAL URANIUM CONCENTRATION IN SEDIMENT 
Spring Sample Collection 
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•The United States Department of Energy (USDOE) surface soil cleanup criterion for total uranium is 90 pCi/g above background. 
Note 1: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
Note 2 : New sampling locations are represented by a single symbol. 
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FIGURE 23: TOTAL RADIUM (RADIUM-226 AND RADIUM-228) CONCENTRATION IN GROUNDWATER AT NFSS 
Spring Sample Collection 
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* The United States Department of Energy Derived Concentration Guide (USDOE DCG) for combined Radium-226 & 228 is 100 pCi/L. 
**The Safe Drinking Water Act Maximum Containment Level (SDWA MCL} for Total Radium is 5 pCi/L. Groundwater at NFSS is not a drinking water source. The above concentrations 
are for comparative purposes only. 
Note 1: Above combined radium values include both detect and non-detect values. 
Note 2: It should be noted that the above trending data is taken from the spring (April-June} sampling events at NFSS. 
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FIGURE 24: THORIUM-230 CONCENTRATION IN GROUNDWATER AT NFSS 
Spring Sample Collection 
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• The United States Department of Energy Derived Concentration Guide (US DOE DCG) for Thorium-230 is 300 pCi/L. 
""The Safe Drinking Water Act Maximum Containment Level (SDWA MCL) for Thorium-230 is 15 pCi/L. Groundwater at NFSS is not a drinking water source. The above concentrations are for 

comparative purposes only. 
Note 1: Above values contain detect and non-detect results. 
Note 2: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
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FIGURE 25: THORIUM-232 CONCENTRATION IN GROUNDWATER AT NFSS 
Spring Sample Collection 
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• The United States Department of Energy Derived Concentration Guide (USDOE DCG) for Thorium-232 is 50 pCi/L. 
**The Safe Drinking Water Act Maximum Containment Level (SDWA MCL) forThorium-232 is 15 pCi/L. Groundwater at NFSS is not a drinking water source. The above concentrations are for 
comparative purposes only. 
Note 1: Above values contain detect and non-detect results. 
Note 2: It should be noted that the above trending data is taken from the spring (April-June) sampling events at NFSS. 
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FIGURE 26: TOTAL URANIUM CONCENTRATION IN GROUNDWATER AT NFSS- Spring Sample Collection 
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* The United States Department of Energy Derived Concentration Guide (USDOE DCG) for Total Uranium is 600 pCi/L. 
""The Safe Drinking Water Act Maximum Containment Level {SDWA MCL) for Total Uranium is 27 pCi/L. Groundwater at NFSS is not a drinking water source. The above concentrations are for comparative purposes only. 
Note 1: It should be noted that the above trend ing data is taken from the spring (April-June) sampling events at NFSS. 
Note 2 : New sampling locations are represented by a single symbol. 
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1.0 PURPOSE 

This calculation estimates the external gamma radiation dose fi·om the Niagara Falls Storage Site 
(NFSS), Lewiston, New York (see Figure I , Appendix A), during calendar year 2008 (CY2008). Hypothetical 
doses from external gamma radiation to members of the public arc calculated fi·om dose measurements using 
Landauer "Luxe!" Optically Stimulated Luminescence dosimeters (OSLs) located at the perimeters of the NFSS 
and the Interim Waste Containment Stmcture (IWCS) (see Figure 2, Appendix A). OSLs replaced 
Thcnnolumincsccnt dosimeters (TLDs) in the environmental program beginning this year, 2008. 

2.0 ASSUMPTIONS 

Doses were calculated for off-site receptors based on these locations for off-site receptors based on the 
canvas of receptors in CY2006. The hypothetical doses for the nearest resident and off-site worker arc 
rep01ted. The modeling approach described below is considered to be protective of human health 
(conservative) in calculating hypothetical dose to receptors. The shielding effect of the air has not been 
included in the calculations. Calculations for the hypothetical annual external gamma radiation doses to the 
nearest resident and nearest off-site worker used the following assumptions: 

Distance from each OSL above the source (the ground) is 3 feet (ft), 
Distance from the OSLs to the nearest resident is 500ft (perpendicular to the western OSL line), 
Distance from the OSLs to the nearest off-site worker is I ,020 ft (perpendicular to the eastern OSL 
line), 
Length of the western OSL monitoring line (western perimeter fence) is 2,766 ft, 
Length of the eastern OSL monitoring line (east of Campbell Street) is 2, 700 ft. 

3.0 OSLDATA 

At NFSS, OSLs are used to measure gamma radiation from the site and from sources of background 
radiation. Natural sources of background radiation include cosmic radiation and terrestrial radiation sources. 
In the United States, the annual average (per capita) cosmic and tencstrial radiation doses are 34 millirem 
per year (mrem/yr) and 22 mrcm/yr, respectively (NCRP Report 160). Annual doses due to background at 
NFSS arc measured at background locations using OSLs. Background dose for the same period of exposure 
is subtracted fi·om site dose values to estimate the net dose from NFSS. OSLs are located at the facility 
perimeter and at the pc1imeter of the IWCS. Tho OSLs are placed at approximately 3 ft [1.6 meters (m)] 
above the ground surface. The OSLs measure approximately six-month intervals and are analyzed at an off­
site vendor. 

Eleven locations around the perimeter of the site and six locations around the IWCS were monitored 
in CY2008 (see Figure 2, Appendix A). In addition to these locations, there were three background 
locations (Figure I , Appendix A). Two environmental OSLs were placed at each monitoring location. The 
environmental program utilizes two OSLs at each monitoring location for each monitoring period as a 
quality control check. In addition, if a measurement result is rejected or a OSL is lost, the duplicate reading 
is assumed for that monitoring period. For CY2008 all OSLs were present. 

OSL monitoring data for CY2008 are presented in Table 2 in the Tables section. A time-weighted or 
normalized annual dose is calculated that accounts for exposure periods having different integration times (a 
different number of measurement days). Negative net values, when they occur, are retained for calculation 
purposes. 
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4.0 ASSESSMENT METHODOLOGY AND RESULTS 

Gamma radiation measured at the perimeter fence line represents the dose for full-time occupancy 
i.e. 24 hours/day and 365 days/year (366 days for a leap year). Dose to an off-site receptor is significantly 
affected by proximity to the source and the amount of time spent at the receptor location. The estimate of 
dose to an off-site worker therefore uses a conection factor for occupancy assuming 2000 hours worked per 
year. The estimate of dose to an off-site resident assumes a full-time occupancy at home. The average net 
dose rate for CY 2008 at the site perimeter by direction is calculated to be: 

Direction OSL Locations Calculated Average Net Dose 
Rate (mrem/year) 

North Perimeter 1, II , 12, and 122 1.23 
East Perimeter 1,28,123 6.52 
South Perimeter 7, 28, and 29 7.02 
West Perimeter 11,13,15,29,36,8,10 1.03 

4.1 NEAREST RESIDENT 

The dose calculation for the nearest resident uses the line of OSLs along the western perimeter 
fence. The OSLs along this side ofthe facility include NFSS perimeter fence monitoring locations 11, 13, 
15, 29, and 36, and WCS perimeter fence monitoring locations 8 and 10. The two WCS locations are 
located close to the western NFSS perimeter fence. These OSL locations are shown in Appendix A, Figure 
2. Net dose rates (corrected for background) for these OSLs arc summed and divided by the total number of 
observations (14 for CY2008). This average value represents the annual dose at the site perimeter 
(Dl = 1.03 rnrem for CY2008). The dose contribution to this resident fi_.om the southern exposure is 
insignificant compared to the exposure from the western line source. The western site perimeter dose is then 
used in the following equation for a line source: 

Where: 
D2 = dose calculated at the receptor location from the line source 
D1 = dose at the site perimeter as described above 
h1 = the distance of the OSLs from the source (3ft) 
h2 = the distance of the resident from the fence line (500ft) 
L = half the length oflinc ofOSLs measuring the line source (1,383 ft) 

Nearest Resident Dose Calculation (Resident southwest ofNFSS) 

NFSS Perimeter Monitoring Locations 11 , 13, 15, 29, and 36 and TWCS Perimeter Monitoring 
Locations 8 and 1 0 

Where: 
h1 = 3 feet distance of OSL from the source 
h2 = 500 feet distance of resident from the OSLs 
L = 1,383 feet half the length of the western line source 
D1 = 1.03 mrem average annual dose at the OSL monitoring locations 
D2 = 0.005 mrem resident annual dose at 500 feet from the OSL 

The hypothetical dose to the nearest resident is 5.0 E-03 (or 0.005) mrcm for calendar year 2008. 
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4.2 NEAREST ·OFF ~SITE WORKER 

The dose to the nearest off-site worker uses, the line of OSLs, closest to the eastern perimeter fence 
(Castle Garden Road). The OSLs used include monitoring locations 1, 28, and 123. These OSLs are located 
along an interior fence east of Campbell Street. Their locations are shown in Figure 2, Appendix A. There 
arc no WCS perimeter fence monitoring locations close to those along the line east of Campbell Street; 
therefore, none are included in the dose calculations. Net dose rates (corrected for background) for OSL 
monitoring locations 1, 28, and 123 are summed and divided by the total number observations (6 for 
CY2008). This average represents the annual dose at the site pctimeter (DI = 6.52 mrem for CY2008). 

Nearest' Off-Site Worker Dose Calculations (Worker east ofNFSS) 

NFSS Perimeter Monitoring Locations I, 28, 123 
h1 = 3 feet distance ofOSL from the source 
h2 = 1,020 feet distance of off-site worker from the OSLs 
L = 1,350 feet half the length ofthe eastern line source 
D1 = 6.52 tmem average annual dose at the OSL monitoring locations 
D2 = 0.002 mrcm off-site worker annual dose at 1,020 feet from the OSL location 

Using the equation above and a correction factor for off-site worker occupancy of 2000/8760 hours the 
hypothetical dose to the nearest off-site worker is 3.0 E-03 (or 0.003) rnrem for calendar year 2008. 

5.0 REFERENCES 

Bechtel National, Inc. (BNI), 1997. "1996 Public External Gamma Dose," 14501-158-CV-031, 
Rev. 0, Oak Ridge, TN. 

National Council on Radiation Protection and Measurements (NCRP), 2009. "NCRP Repoti No. 160, 
Ionizing Radiation Exposure of the Population of the United States," ISBN -13: 978-0-929600-98-7, 
Bethesda, MD. 
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1.0 INTRODUCTION 

In 1974, the United States Atomic Energy Commission (USAEC), a predecessor to the 
United States Department of Energy (USDOE), instituted the Formerly Utilized Sites Remedial 
Action Program (FUSRAP). This program is now managed by United States Army Corps of 
Engineers (USACE) to identify and clean up, or otherwise control sites where residual 
radioactivity remains from the early years of the nation's atomic energy program or from 
commercial operations causing conditions that Congress has authorized USACE to remedy 
under FUSRAP. The Niagara Falls Storage Site (NFSS) is a federally-owned storage site 
managed under FUSRAP. In October 1997, Congress transfelTcd the responsibility for 
FUSRAP from USDOE to USACE. 

1.1 SITE DESCRIPTION 

The Niagara Falls Storage Site (NFSS) is located in the Town of Lewiston in 
northwestern New York State, northeast of Niagara Falls and south of Lake Ontario (page F-1, 
Attachment F). NFSS is approximately 77 hectare (~191 acre) site which includes: one former 
process building (Building 401), one office building (Building 429), an equipment shed, and a 4 
hectare (9.9 acre) interim waste containment structure (IWCS). The property is fenced, and 
public access is restricted. 

Land use in the region is primarily rural; however, the site is bordered by a chemical 
waste disposal facility on the north, a solid waste disposal facility on the east and south, and a 
Niagara Mohawk Power Corporation right-of-way on the west. The nearest residential areas are 
approximately 1.1-krn southwest of the site; the residences arc primarily single-family 
dwellings. 

1.2 SOURCE DESCRIPTION 

Beginning in 1944, NFSS was used as a storage facility for radioactive residues aud 
wastes. The residues and wastes arc the process by-products of uranium extraction from 
pitchblende (uranium ore). Waste was also generated from remediation of buildings and process 
equipment used in the uranium extraction process. The residues originated at other sites and 
were transferred to NFSS for storage in buildings, on-site pits, and surface piles. Table 1 
includes a brief histmy and description of the major radioactive residues and wastes transferred 
to NFSS. From 1953 to 1959 and 1965 to 1971, Building 401 was used as a boron-10 isotope 
separation plant. 

Table 1. History and Description of Wastes Transferred to NFSS 

Material Description Transferred to 
NFSS 

L-50 Low-activity radioactive residues from the processing of low-grade uranium orcs at 1944 
Linde Air Products, Tonawanda, New York. 

R-10 Low-activity radioactive residues from the processing of low-grade uranium orcs at 1944 
Linde Air Products, Tonawanda, New York. 

F-32 Low-activity radioactive residues from the processing of high-grade uranium orcs at 1944 to 
Middlesex, New Jersey. early 1950 

L-30 Low-activity radioactive residues from the processing of low-grade uranium ores at 1945 
Linde Air Products, Tonawanda, New York. 

K-65 High-activity radioactive residues from the processing of high-grade uranium ores at 1949 
Mallinckrodt Chemical Works, St. Louis, Missouri. 

Middlesex Sand and abraded material from the sandblasting of buildings and process equipment 1950 
Sands where the F-32 residue was generated at Middlesex Metal Refinement Plant, 

Middlesex, New Jersey. 
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Since 1971, activities at NFSS have been confined to residue and waste storage and 
remediation. On-site and off-site areas with residual radioactivity exceeding USDOE guidelines 
were remediated between I 98 I and I 992. The materials generated during remedial actions 
(approximately 195,000 m3

) are encapsulated in the IWCS (See Appendix A, Figure 2), which is 
specifically designed to provide interim storage of the materials. Remedial investigation began 
at the end of 1999 to determine if any areas of the site contained radioactive or chemical 
contaminants at levels that could pose an unacceptable risk to human health and the 
environment. Initial results show that isolated areas of elevated activity do exist. 

2.0 REGULATORY STANDARDS 

The United States Environmental Protection Agency's (USEPA) National Emission 
Standards for Hazardous Air Pollutants (NESHAP) are compliance standards that require annual 
reporting of emissions of radionuclides and radon gas from operations at nuclear facilities. 

2.1 40 CFR 61, SUBPART H 

40 CFR 61, Subpart H provides standards for reporting emissions of radionuclides 
(excluding radon-222 and radon-220) into the air from US DOE facilities. Although control and 
maintenance of the site currently rests with USACE, responsibility for NFSS will return to 
USDOE following completion of remedial actions. This regulation therefore provides an 
appropriate standard for NFSS. Compliance with Subpart H is verified by applying the USEP A 
approved code, CAP88-PC. CAP88-PC Version 3.0 (USEPA 2006)] was used for this year's 
calculation. The applicable regulation, 40 CFR 61.92 limits exposure of the public to an annual 
effective dose equivalent of 10 mrcm fi'om radioactive emissions. 

2.2 40 CFR 61, SUBPART Q 

40 CFR 61, Subpart Q applies to storage and disposal facilities for radium-containing 
material that emits radon-222 into air. NFSS is specifically identified as one such facility in this 
subpart (in 40 CFR 61.190). Compliance with Subpart Q is verified by annual monitoring of the 
IWCS for radon-222 flux. Subpart Q limits radon-222 emission to 20 pCi/m2/s. 

3.0 AIR EMISSION DATA 

Table 2 summarizes the sources of air emissions. Attachment A contains the annual 
wind erosion emission (Ew) calculation. Attachment B contains the radioactive source term 
calculations and annual air releases. 

These calculations use the USEPA air pollution emission factor methodology (AP-42) to 
estimate the radioactive release from wind erosion, which is then used as the source term in the 
Clean Air Act Assessment Package (CAP88-PC) model to estimate airborne doses to 
hypothetically exposed individuals. The annual wind erosion emission estimate uses the most 
current soil data fi'om the NFSS RI sampling Phases I, II, and III. A 95% upper confidence limit 
(UCL) without the subtraction of background radioactivity, was calculated for each soil nuclide 
of concern and used for the 2008 year source term estimate. The area of the entire NFSS was 
assumed to be uniformly contaminated and to contribute to the source term. 
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Table 2. Air Emission Data- NFSS 

Point Sources Type Control Efficiency 
Distance to Hypothetical 

Exposed Individual 

none not applicable not applicable not applicable 

Non-Point 
Distance and Direction from Center of Site 

Sources 
Type Control Efficiency to Hypothetical 

Exposed Individual 
533 m SEModern Scale-house Worker 
783 m S Greenhouse Worker 

in situ soil-area 914 m SSW Resident 
vegetative cover 90 percerita 1105 m S Resident (farm) 

source 
1250 ill WSW Resident 
1486 ill ESE Resident 
2499 m W School 
2629 m WNW School 

Group Sources Type Control Efficiency 
Distance to Hypothetical Exposed 

Individual 

none not applicable not applicable not applicable 

' 
.. 

Th1s ts the fmct10n of vegetative cover used to conect cm1sswns (Attachments A,B). 

4.0 DOSE ASSESSMENTS 

4.1 MODEL SOURCE DESCRIPTION 

To determine the dose from airborne particulates potentially released from NFSS during 
CY2008, the annual wind erosion emission, Ew (Attachment A) is calculated using local 
climatological data (Attachment F) from the National Oceanic and Atmospheric Administration 
(NOAA) National Climatic Data Center for the Niagara Falls International Airpott (NFIA) in 
Niagara Falls, NY. The complete "Annual Climatological Data" repmt fi·om NOAA was not 
available for this year. At the time of the writing this report data is missing for the month of 
September. Therefore the Northeast Regional Climate Center at Cornell University provided 
annual data for average temperature and total precipitation for Niagara Falls Airport. Ew is 
calculated using the USEPA AP-42 methodology for "fugitive emissions" from an "area source" 
that uses the "fastest mile" wind speed data from local climatological data reports. ~v. in grams 
emitted, is then applied to the soil nuclide concentration to estimate the source term or annual 
emissions for each radionuclide. The soil concentration was developed from sample data 
compiled during Phases I, II, and III of the Remedial Investigation for soil contamination 
(Attachment B). Contributions from radon gas, in accordance with regulatory guidance, are not 
considered in this calculation. Annual estimated emissions for each radionuclide were input into 
the USEPA's CAP88-PC, Version 3.0 code to calculate hypothetical receptor doses. The model 
estimates resultant doses from airborne particulates to hypothetical individuals at the distances 
to the nearest residence, commerciaVindustrial facility, school, and farm as measured from a 
central location on-site. Hypothetical doses are then corrected for occupancy. 
Commercial/industrial facility and school occupancy is assumed to be 40 hr/weck for 50 
weeks/yr). Residential and farm occupancy is assumed to be full-time for 24 hr/day for 365 
days/yr. The hypothetical individual receiving the higher of these calculated doses is then 
identified as the maximally exposed individual (MEl) for airborne patticulate dose. 
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4.2 DESCRIPTION OF DOSE MODEL 

4.2.1 CAP88-PC Computer Program 

The CAP88-PC model is a set of computer programs, databases, and associated utility 
programs that estimate the dose and risk from airborne radioactivity emissions. The USEP A 
NESHAP compliance procedures for airborne radioactivity emissions at US DOE facilities ( 40 
CFR 61.93(a)) require the use of the CAP88-PC model, or other approved procedures to 
calculate effective dose equivalents to members of the public. 

CAP88-PC uses a modified Gaussian plume equation to estimate the average dispersion 
of radionuclides released from a site. Assessments are performed for a circular grid of distances 
and directions for a radius of 80 Jan (50 miles) around the facility. Agricultural mmys of mille 
cattle, beef cattle and agricultural crop area arc generated automatically, requiring the user to 
supply only the State name or agricultural productivity values. Dose and risk factors for 
CAP88-PC, Version 3.0 arc from Federal Guidance Report 13 and are based on the methods 
detailed in International Commission on Radiological Protection (ICRP) 72 (ICRP72). The dose 
calculations presented in this document used the default values for nuclide lung clearance type. 
These defaults correspond to the recommended values from FGR 13. Deposition velocity and 
scavenging coefficient are calculated by the code in accordance with USEPA policy. In the 
CAP88 model nuclides are depleted from the plume by precipitation scavenging, dry deposition 
and radioactive decay. The default scavenging coefficient is calculated as a function of annual 
precipitation. The program calculates the effective dose equivalents received by receptors by 
combining the inhalation and ingestion intake rates and the air and ground smface 
concentrations using the appropriate dose conversion factors. 

4.2.2 CAPSS-PC Input 

Input parameters for CAP88 include: 

Radionuclide emissions (Attachment B), 
Weather data (average annual temperature, total annual precipitation) (Attachment E), 
Emission source height and area (Section 4.3), and 
Distance to nearest resident, off-site worker, school, and farm (Section 4.3). 

4.2.3 CAP88-PC Output 

The "Dose and Risk Equivalent Summaries" from CAP88-PC contains the resulting 
effective dose equivalents for each modeled scenario. The effective dose equivalent summary 
contains results for 16 compass directions around the facility for the nearest resident, off-site 
worker, school, and farm. CY2008 CAP88-PC individual receptor and population output 
summaries are located in Attachment C and D, respectively. 

4.3 COMPLIANCE ASSESSMENT 

The released activity data from Attachment B is entered into the CAP88-PC modeling 
program to derive the hypothetical dose to the defined receptors. To derive the dose to the MEl, 
the CAP88-PC model must have weather data for the appropriate year, information on the 
emission source, and the distances and directions to the nearest residence, off-site worker, 
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school, and farm. The following CY2008 meteorological data were entered into CAP88-PC (see 
Attachment E): 

A veragc temperature 
Precipitation, 
Mixing height 

8.7 oc (47.7 °F) NFIA, 
92.6 em (31.45 inches) ML, and 
1,000 m 

The following emission source and nearest receptor distances and direction infmmation 
were also entered into the program: 

Source height 
Source area 
Resident 
Resident (farm) 
Resident 
Resident 
Offcsite worker 
Offcsite worker 
School (building) 
School (building) 

Om, 
780,000 m2

, 

914mSSW 
1105 m S 
!250m WSW 
1486 m ESE, 
533mSE, 
783mS 
2499mW 
2629mWNW 

The CAP88-PC annual hypothetical dose to the nearest resident, off-site worker, school, 
and farm at the corresponding directions and distances taken from page six of the "Dose and 
Risk Equivalent Summaries" document for individual modeling (Attachment C) are: 

Resident 
Off-site worker 
School 
Farm 

1.6 E-03 mrem, SSW@ 914 m, 
6.7 E-03 mrem, SE@ 533 m 
6.6 E-04 mrem, W@ 2499 m and 
1.3 E-03 mrem, S @ II 05 m. 

The hypothetical doses to the nearest off-site worker and school corrected for 2,000 hr 
of exposure per year are: 

Off-site worker 1.5 E-03 mrcm and 
School 1.5 E-04 mrem. 

5.0 SUPPLEMENTAL INFORMATION 

5.1 POPULATION DOSE 

The CAP88-PC model was also used to estimate the hypothetical airborne patticulatc 
dose to the population within 80 km of the site. Population data taken from year 2000 census 
data for New York State and 200 I census data for Ontario, Canada was used to create a 
population file for CAP88-PC. The effective dose equivalent for the collective population in 
person-rcm/yr is from the CAP88-PC "Dose and Risk Equivalent Summaries" report. 

The CAP88-PC annual effective dose for the population within 80 km of the facility 
(Attachment D) is: 

Population: 4.7 E-02 person-rem 

5.2 RADON-222 FLUX 

Measurement of radon-222 flux provides an indication of the rate of radon-222 emission 
from a surface. Radon-222 flux is measured with activated chm·coal canisters placed at 15-m 
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intervals across the surface of the IWCS for a 24-hr exposure period. Measurements for 
CY2008 are presented in Table 4; measurement locations are shown in Appendix A, Figure 2. 

Measured results for 2008 ranged from non-detect to 0.23490 pCi/m2 Is, with an average 
(of detects and non-detects) result of 0.05368 pCi/m2/s. As in previous years, these results are 
well below the 20 pCi/m2/s standard specified in 40 CPR Part 61, Subpart Q, and demonstrate 
the effectiveness of the containment cell design and construction in mitigating radon-222 
migration. 

5.3 NON-APPLICABILITY 

Requirements from section 61.93(b) of 40 CPR for continuous monitoring from point 
sources (stacks or vents) are not applicable to NFSS. 

6.0 REFERENCES 
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Illinois. 

Bechtel National, Inc. (BNI), 1997. "1996 Public Inhalation Dose" 1450 l-158-CV-030, Rev. 0, 
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Environmental Protection Agency (EPA), 1995. Compilation of Air Pollutant Emission Factors, 
Fifth Edition, AP-42, Office of Air Quality Planning and Standards, Research Triangle Park, NC 
(January). 

Environmental Protection Agency (EPA), 2006. CAP88-PC Version 3.0 Computer Code, U.S. 
Environmental Protection Agency. 

Environmental Protection Agency (EPA), 1999. Federal Guidance Report 13, Cancer Risk 
Coefficients for Environmental Exposure to Radionuclides, EP A99 EPA 402-R-99 _ 00 I, 
USEPA Office of Radiation and Indoor Air, Washington, DC. 

Intemational Connnission on Radiological Protection (ICRP72), 1996. Age Dependent Doses to 
Members of the Public fi·mn Intake of Radionuclides, Part 5, Compilation of Ingestion and 
Inhalation Dose Coefficients," ICRP 72, Pergamon Press, Oxford. 

40 CPR 61, SubpattH. National Emission Standards for Emissions ofRadionuclides Other 
Than Radon From Department ofEnergy Facilities. 
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A.l ANNUAL WIND EROSION 

In 2008, the potential source of airborne emissions from NFSS is assumed to be fi-om wind 
erosion of in-situ soil from the entire NFSS. The AP-42 model for industrial wind erosion for 
limited flat sources is used. In this model the potential airborne emissions are a function of the 
number of disturbances of contaminated soil. The following as-sumptions and calculations are 
made: 

The air release source is wind erosion of in-situ soil fi·om an area (A) of 780,000 m2 of 
vegetation covered soil. 

A~ 780,000 m2 

The calculation assumes that 90% of this area is covered by grass or vegetation (V). 
v~o.9o 

For CY 2008 there is assumed to have been weekly grass cutting for half the year, occurring 
May throttgh October and an April spring thaw. The number of estimated disturbances (N) is · 
therefore: 

N~27 

The tln·eshold velocity (U,) for overburden (USEPA 1995 Table 13.2.5-2) is: 
U, ~ 1.02 m/s 

Anemometer height adjustment is not necessaty. 
Z, ~reference anemometer height ~ l 0 m 
Z, ~ actual anemometer height ~ l 0 m 

The roughness height for overburden is 0.3 em (USEPA 1995 Table 13.2.5-2). 
z,~ 0.3 em 

The corrected wind speed (U,N) for each period (N) between disturbances (USEPA 1995 
Equation 5) is: 

The equivalent friction velocity (UN) for each period between disturbances (USEPA 1995 
Equation 4) is: 

The fastest mile speeds (maximum 2-minute wind speeds') from Local Climatological Data 
rcpmis from NOAA for Niagara Falls International Airport (NFIA) in mph for the period 
between each disturbance are: 

u,, ~ 41 u,, ~ 37 u,,- 28 u,. ~ 31 u,,- 29 u,,- 33 
u,, ~ 30 u,, ~ 39 u,, ~ 23 U,w~29 u, .. ~ 30 U,tz ~ 33 
U,"- 22 u,"- 24 U,ts- 28 Ual6 == 23 U,"- 29 U,ts- 18 
u,,- 23 U,zo ~ 28 U,zt- 45 u,,, ~ 16 u,,,- 23 u,,,- 26 
U,25 ~ 29 U," ~29 u,,, ~ 46 

" Max1mum 2-mmute wmd speeds can be used to approxunate fastest mile wmd speeds (USEPA 2004 
Table 7-4), however, this calculation applies an uncertainty correction factor, protective of human health, 
of 1.3 in order to approximate the fastest mile wind speeds. 



The equivalent friction velocity in m/s for each period is: 

u, !.26 E+OO U2 - 1.14 E+OO u3 8.62 E-01 U4 - 9.55 E-01 u, 8.93 E-01 U6 - !.02 E+OO 

U7 - 9.42 E-01 U8 ~ !.20 E+OO U9 ~ 7.08 E-01 U10 ~ 8.93 E-01 u"- 9.24 E-01 U12 ~ !.02 E+OO 

u,3- 6.78 E-01 u,4 -7.39 E-O I u"- 8.62 E-O I U 16 - 7.08 E-0 I u"- 8.93 E-O! u"- 5.54 E-O! 

U 19 - 7.08 E-01 U20- 8.62 E-0 I U21 - 1.39 E+OO U22 -4.93 E-01 u,3 -7.08 E-O I u,4- 8.01 E-O! 

U25 - 8.93 E-0 I u"- 8.93 E-O! U27 -- !.42 E+OO 

The erosion potential (PN) for a dry exposed sutface (USEPA 1985 Figmc 4-2) is: 
PN =58 (U*-U,? + 25(U*-U,) = 45.47 g/m2 

The erosion potentials (PN) for each period between disturbances in CY 2008 are all less than or 
equal to the threshold friction velocity except for U1, U2, U8, U21 ,andU27 • 

The particle size multiplier (k) for 10 ~particles (USEPA 1995 Equation 2) is: 
k=0.5 

The emission factor (P) for d1y bare soil for I 0 ~particles (USEPA 1995 Equation 2) is: 
P = k L: PN = is 22.7 g/m2 

Thornthwaitc's Precipitation Evaporation Index (PE), used as a measure of average soil 
moisture, is: 

PE = 110 

The corrected emission factor (PM10) for 10 ~particles (USEPA 1985 Equation 4-1) is: 
PM10 = P(l-V) I (PE/50)2 = 0.47 g/m2/yr 

The annual wind erosion emission (E) is calculated to be: 
E =A (PM, 0) = 366,388 g soil 

A.2 REFERENCES 

EPA 2004. Methods for Estimating Fugitive Air Emissions of Radio nuclides from Difluse 
Sources at USDOE Facilities, Final Report, September 3, 2004. 

EPA 1995. AP 42 Compilation of Air Pollutant Emission Factors, Volume 1: Stationary Point 
and Area Sources, Fifth Edition, 1995. 

M. J. Change1y, National Wind Data Index Final Report, HCO/Tl 041-0 I UC-60, National 
Climatic Center, Asheville, NC, December 1978. 

EPA 1985. Rapid Assessment of Exposure to Particulate Emissionsfi'om Swface Contaminated 
Sites, EPA/600/8-85/002, Office of Health and Environmental Assessment, Washington, DC 
(Februmy). 

EPA 1985. AP 42 Compilation of Air Pollution Emission Factors, Third Edition (including 
supplements 1-7), August 1977. 

I 

j__, 

L 



ATTACHMENT B 

SOURCE TERM DEVELOPMENT AND ANNUAL AIR EMISSIONS 



I 



[' 

B.l SOURCE TERM DEVELOPMENT 

The source tClm for NFSS NESHAPS calculations was developed considering the 
radionuclidcs in the uranium, thorium, and actinium decay series as shown in Table B-1. 
Concentration data for these radioisotopes were taken from Phases I, II, and III of the Remedial 
Investigation and are listed in Table B-2. The Phase I sampling was performed from November 
1999 through January 2000. The Phase II was performed from August 2000 through October 
2000. The Phase III sampling was performed from May 2001 through October 2003. The 
dataset has been verified to ensure data quality and includes the analysis of soils from biased 
high locations (i.e., locations that had elevated gamma survey readings). The dataset used for 
CY 2008 uses higher soil concentrations than in years before CY2004 and more conservatively 
estimates (biased high) the site concentration values. 

The IWCS, completed in 1986 and added to in 1991, is surrounded by sufficient topsoil 
and compacted clay to consider radionuclide emissions negligible. In 1986, the entire IWCS 
was covered with 0.9 meters (3 feet) oflow-petmeability, compacted clay, a 0.3 meter (12 inch)­
thick layer oflooscly compacted soil, 0.15 meter (6 inches) of topsoil and covered with shallow­
rooted grass. A clay cutoff wall and dike measuring 3.35 to 8.84 meters (11 to 29 feet) in 
thickness formed the perimeter. In 1991 additional soil with residual radioactivity from a 
vicinity property, along with 60 dmms containing radioactive material, were placed over the 
existing IWCS. Six inches of clay was placed over the waste material and two feet of 
compacted clay was added on top along with 0.46 meter (1.5 feet) of topsoil material. However, 
the area of the cap was included in the site area estimate. 

Radium-226 was detected at an elevated concentration of 1,140 pCi/g in one area during 
the Phase I remedial investigation. This was analyzed and determined to come fi'om a stone in 
the sample. Although release rates are based on dust erosion and not buried stones, this detection 
was used in the source tetm calculation. 

Soil concentration data, listed in Table B-3, are not available for all the radionuclides in 
Table B-1. If explicit results for a radionuclidc were not available, it was assumed that the 
radionuclidc was present in equilibrium with (i.e., at the same concentration as) the nearest long­
lived parent. Branching ratios were used to estimate source term concentrations. Table B-3 lists 
the source tetm values used in the CAP-88 modeled scenarios. 



Table B-1. Radionuclides Considered in NESHAPS Evaluation 

Uranium Series Thorium Series Actinium Series 
U-238 Th-232 U-235 
Th-234 Ra-228 Th-231 
Pa-234rn Ac-228 Pa-231 
Pa-234 (0.13%) Th-228 Ac-227 
U-234 Ra-224 Th-227 (98.62%) 
Th-230 *Rn-220 (thoron) Fr-223 (1.38%) 
Ra-226 Po-216 Ra-223 
*Rn-222 (radon) Pb-212 *Rn-219 (actinon) 
Po-218 Bi-212 Po-215 
Pb-214 (99.98%) Po-212 (64.07%) Pb-211 ("' 100%) 
At-218 (0.02%) Tl-208 _(35.93%) At-215 (0.00023%) 
Bi-214 *Pb-208 (stable) Bi-211 
Po-214 (99.979%) Po-211 (0.273%) 
Tl-210 (0.021%) Tl-207 (99.73%) 
Pb-210 *Pb-207 (stable) 
Bi-210 

Po-210 ("' 100%) 
Tl-206 (0.00013%) 
*Pb-206 (stable) 
Nuclides with asterisks (*) were excluded fi·om dose calculations for the following reasons: I) Radon isotopes 
including thoron and actinon are specifically excluded per the regulation or 2) nuclides of low abundance and 
stable nuclides do not contribute significantly to radiological dose. 

Nuclides are presented fi·om top to bottom in order of decay starting from the parent radionuclides. Branching 
fractions are shown, as appropriate, for consideration in source term development. Fractions taken from Shleien, 
1992. 

Table B-2. Summary of Phases I, II, and III Characterization Data Used in NESHAP 
Dose Calculations 

~~ Minimum Maximum Average 
95% UCL 

Input Exposure 
Analyte Units Results 

Detect Detect Result 
of the 

Concentration 
Mean 

Radium-226" (pCi/g) 552 0.0607 1140 10.23 26.09 26.09 
Thorium-228 (pCi/g) 552 0.0481 2.38 1.06 1.08 1.08 
Thorium-230 (pCi/g) 552 0.0906 978 8.68 22.74 22.74 
Thorium-232 (pCi/g) 551 0.0149 2.07 0.88 0.89 0.89 
Uranium-234 (pCi/g) 552 0.0416 8340 20.57 87.4 87.4 
Uranium-235 (pCi/g) 553 -0.16 886 1.94 8.97 8.97 
Uranium-238 (pCi/g) 551 0.049 8830 21.59 92.38 92.38 
a Includes previOus outher 1,140 pCJ/g (NmgAiri on 25JULOO at 15:36 usmg dataset alhadnq) 
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Table B-3. Soil Concentration and Estimated Emission of Radionuclides from NFSS for 
CY2008 

Soil Concentration and CAPP88 Input Source Term 
Uranium Series Thorium Series Actinium Series 

Nuclide pCi/g Ci/y Nuclide pCi/g Ci/y Nuclide 
U-238 92.38 3.38E-05 Th-232 0.89 3.26E-07 U-235 
Th-234 92.38 3.38E-05 Ra-228 0.89 3.26E-07 Th-231 
Pa-234m 92.38 3.38E-05 Ac-228 0.89 3.26E-07 Pa-231 
Pa-234 92.38 4.40E-08 Th-228 1.08 3.96E-07 Ac-227 
U-234 87.4 3.20E-05 Ra-224 1.08 3.96E-07 Th-227 
Th-230 22.74 8.33E-06 Rn-220 1.08 O.OOE-00 Fr-223 
Ra-226 26.09 9.56E-06 Po-216 1.08 3.96E-07 Ra-223 
Rn-222 26.09 O.OOE-00 Pb-212 1.08 3.96E-07 Rn-219 
Po-218 26.09 9.56E-06 Bi-212 1.08 3.96E-07 Po-215 
Pb-214 26.09 9.56E-06 Po-212 1.08 2.54E-07 Pb-211 
At-218 26.09 1.91E-09 Tl-208 1.08 1.42E-07 At-215 
Bi-214 26.09 9.56E-06 Pb-208 (stable) 1.08 O.OOE-00 Bi-211 
Po-214 26.09 9.56E-06 Po-211 
Tl-210 26.09 2.01E-09 Tl-207 
Pb-210 26.09 9.56E-06 Pb-207 (stable) 
Bi-210 26.09 9.56E-06 
Po-210 26.09 9.56E-06 
Tl-206 26.09 1.24E-11 
Pb-206 (stable) 26.09 O.OOE-00 

B.2 REFERENCES 

Shlcien, 1992. The Health Physics and Radiological Health Handbook, Scinta, Inc., Silver 
Spring, MD. 

pCi/g 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 
8.97 

Ci/y 
3.29E-06 
3.29E-06 
3.29E-06 
3.29E-06 
3.24E-06 
4.54E-08 
3.29E-06 
O.OOE-00 
3.29E-06 
3.29E-06 
7.56E-12 
3.29E-06 
8.97E-09 
3.28E-06 
O.OOE-00 
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C A P 8 8 - P C 

Version 3.0 

Clean Air Act Assessment Package - 1988 

D 0 S E A N D R I S K E Q U I V A L E N T 

Non-Radon Individual Assessment 
May 13, 2009 04:25 pm 

Facility: Niagara Falls Storage Site 
1397 Pletc.her Road 
Lewiston 

Address: 
City: 

State: NY 

Source Category: 
Source Type: 

Emission Year: 

Zip: 

Area Source 
Area 
2008 

14174 

Comments: NFSS Tech Memo 2008 
Individual Dose 

Dataset Name: 
Dataset Date: 

Wind File: 
PC30\WindLib\IAG0905.WND 

NFSS 2008 Ind 
'5/13/2009 3:54:00 PM 

C:\Program Files\CAP88-

S U M M A R I E S 



May 13, 2009 04:25pm 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected 
Individual 

Pathway '(mrem/y) 

INGESTION 2.55E-04 
INHALATION 8.46E-03 
AIR IMMERSION 3.09E-08 
GROUND SURFACE 1.01E-05 
INTERNAL 8.71E-03 
EXTERNAL 1.02E-05 

TOTAL 8.73E-03 

SUMMARY 
Page 1 

i 
1--' 



May 13, 2009 04:25 prn 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected 
Individual 

Nuclide (rnrern/y) 

U-238 8. 01E-04 
Th-234 2.75E-06 
Fa-234m 1.68E-06 
Pa-234 2. 62E-10 
U-234 9.21E-04 
Th-230 9. 62E-04 
Ra-226 3.38E-04 
Rn-222 6.06E-15 
Po-218 3. 68E-ll 
Pb-214 1. 96E-06 
Bi-214 7.27E-06 
Po-214 3.38E-10 
Pb-210 1.61E-04 
Bi-210 7.44E-06 
Po-210 2.80E-04 
At-218 O.OOE+OO 
Th-232 6.56E-05 
Ra-228 6.98E-06 
Ac-228 3.20E-08 
Th-228 1. 28E-04 
Ra-224 9.59E-06 
Rn-220 2.31E-13 
Po-216 2.88E-12 
Pb-212 5.75E-07 
Bi-212 1.39E-07 
Po-212 O.OOE+OO 
T1-208 7.65E-10 
U-235 8.43E-05 
Th-231 3.26E-08 
Pa-231 2.52E-03 
Ac-227 1.96E-03 
Th-227 2.73E-04 
Ra-223 2.02E-04 
Rn-219 2.75E-10 
Po-215 2.51E-10 
Pb-211 4.37E-07 
Bi-211 6.57E-08 
Tl-207 8.26E-08 
Po-211 1.04E-13 
Fr-223 3.84E-09 

TOTAL 8.73E-03 

SUMMARY 
Page 2 



May 13, 2009 04:25pm 

CANCER RISK SUMMARY 

Cancer 

Esophagu 
Stomach 
Colon 
Liver 
LUNG 
Bone 
Skin 
Breast 
Ovary 
Bladder 
Kidneys 
Thyroid 
Leukemia 
Residual 
Total 

TOTAL 

PATHVIAY RISK SUMMARY 

Pathway 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

4.87E-12 
1.19E-11 
4.06E-ll 
1.74E-10 
3.38E-09 
1.18E-10 
5.44E-13 
6.93E-12 
2. 07E-11 
1.15E-11 
2.15E-11 
9.57E-13 
2.25E-11 
4.80E-11 
3. 86E-09 

7.72E-09 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

7. 80E-11 
3.78E-09 
1.65E-14 
4.63E-12 
3.85E-09 
4.65E-12 

3.863-09 

SUMMARY 
Page 3 
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May 13, 2009 04:25pm 

NUCLIDE RISK SUMMARY 

Nuclide 

U-238 
Th-234 
Pa-234m 
Pa-234 
U-234 
Th-230 
Ra-226 
Rn-222 
Po-218 
Pb-214 
Bi-214 
Po-214 
Pb-210 
Bi-210 
Po-210 
At-218 
Th-232 
Ra-228 
Ac-228 
Th-228 
Ra-224 
Rn-220 
Po-216 
Pb-212 
Bi-212 
Po-212 
T1-208 
U-235 
Th-231 
Pa-231 
Ac-227 
Th-227 
Ra-223 
Rn-219 
Po-215 
Pb-211 
Bi-211 
Tl-207 
Po-211 
Fr-223 

TOTAL 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

6.59E-10 
2.79E-12 
2. 69E-l3 
l. 67E-16 
7.59E-10 
4.9~E-10 

2.5:E-10 
3.29E-21 
2.02E-17 
1.19E-12 
3.84E-12 
l. 85E-16 
7. 81E-11 
6.41E-12 
2.24E-10 
O.OOE+OO 
2. 91E-11 
3.33E-12 
2.04E-14 
l.09E-10 
8.25E-12 
1.26E-19 
1.58E-18 
4.88E-13 
8.21E-14 
O.OOE+OO 
4.22E-16 
6. 93E-11 
l. 93E-14 
2.38E-10 
5.15E-10 
2.37E-10 
1.73E-10 
1.49E-16 
l. 38E-16 
3.01E-l3 
3.60E-14 
1.06E-14 
5. 71E-20 
3.25E-15 

3.86E-09 

SUMMARY 
Page 4 



May 13, 2009 04:25 prn SUMMARY 
Page 5 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (rnrern/y) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 533 783 914 ll05 1250 1486 2499 

N 6.3E-03 2.6E-03 2.0E-03 1.5E-03 1. 3E-03 1.0E-03 5.7E-04 
NNW 5.0E-03 2.0E-03 1. 5E-03 1.0E-03 8.4E-04 6.2E-04 3.1E-04 

NW 5.0E-03 1.8E-03 1.4E-03 1.0E-03 8.6E-04 6.9E-04 4.0E-04 
WNW 5.3E-03 2.7E-03 2.0E-03 1.4E-03 1. 2E-03 9.1E-04 4.6E-04 

w 5.9E-03 2.9E-03 2.3E-03 1.7E-03 1. 5E-03 1. 2E-03 6.6E-04 
WSW 5.8E-03 2. 9E-03 2.1E-03 1. 5E-03 1. 3E-03 9.5E-04 4.7E-04 

sw 5.4E-03 2.1E-03 1.6E-03 1.2E-03 1.0E-03 8.3E-04 4.7E-04 
ssw 4.8E-03 2.2E-03 1. 6E-03 1. 2E-03 9.5E-04 7.2E-04 3.7E-04 

s 5.2E-03 2.2E-03 1.7E-03 1. 3E-03 1.1E-03 8.6E-04 4.9E-04 
SSE 5.9E-03 2.8E-03 2.1E-03 1. 5E-03 1. 2E-03 9.2E-04 4.5E-04 

SE 6.7E-03 3.0E-03 2.3E-03 1.7E-03 1.4E-03 1.1E-03 6.1E-04 
ESE 7.3E-03 3.5E-03 2.6E-03 1.9E-03 1.5E-03 1.2E-03 5.7E-04 

E 8.3E-03 3.5E-03 2.7E-03 2.0E-03 1.6E-03 1.3E-03 6.5E-04 
ENE 8.7E-03 4.2E-03 3.1E-03 2.2E-03 1.8E-03 1.3E-03 6.2E-04 

NE 8.7E-03 4.1E-03 3.2E-03 2.3E-03 2.0E-03 1.6E-03 8.3E-04 
NNE 7.7E-03 3.9E-03 2.9E-03 2.1E-03 1.7E-03 1.3E-03 6.1E-04 

Distance (m) 

Direction 2629 

N 5.4E-04 
NNW 3.0E-04 

NW 3.8E-04 
WNW 4.4E-04 

w 6.3E-04 
WSW 4.4E-04 

sw 4.5E-04 
ssw 3.6E-04 

s 4.6E-04 
SSE 4.3E-04 

SE 5.7E-04 
ESE 5.4E-04 

E 6.1E-04 
ENE 5.9E-04 

NE 7.8E-04 
NNE 5.7E-04 



May 13, 2009 04:25 pm 

Direction 533 

N 2.8E-09 
NNW 2.2E-09 

NW 2.2E-09 
WNW 2.4E-09 

w 2.6E-09 
WSW 2.6E-09 

sw 2.4E-09 
ssw 2.1E-09 

s 2.3E-09 
SSE 2.6E-09 

SE 3.0E-09 
ESE 3.2E-09 

E 3.7E-09. 
ENE 3.9E-09 

NE 3.8E-09 
NNE 3.4E-09 

Direction 2629 

N 2.1E-10 
NNW 1.1E-10 

NW 1.4E-10 
WNW 1.7E-10 

w 2.5E-10 
WSW 1.7E-10 

sw 1.7E-10 
SSW 1.3E-10 

s 1.8E-10 
SSE l..7E-10 

SE 2.3E-10 
ESE 2.1E-l.O 

E 2.5E-10 
ENE 2.3E-l0 

NE 3.2E-10 
NNE 2.3E-l0 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

783 914 1105 1250 1486 

l..1E-09 8.6E-10 6.4E-10 5.4E-10 4.3E-10 
8.8E-10 6.3E-10 4.4E-10 3.5E-10 2.5E-10 
7.6E-10 5.8E-10 4.3E-10 3.6E-10 2.8E-10 
1. 2E-09 8.7E-10 6.2E-10 5.0E-10 3.8E-10 
1. 3E-09 9.8E-10 7.4E-10 6.3E-10 5.0E-10 
1. 3E-09 9.3E-10 6.6E-10 5.3E-10 4.0E-10 
9.3E-10 7.0E-10 5.2E-10 4.4E-10 3.4E-10 
9.5E-10 6.9E-10 4.9E-10 4.0E-10 3.0E-10 
9.4E-10 7.2E-10 5.3E-10 4.5E-10 3.6E-10 
1.2E-09 8.9E-10 6.3E-10 5.1E-10 3.8E-10 
1. 3E-09 1.0E-09 7.3E-10 6.1E-10 4.8E-10 
l..5E-09 1.1E-09 8.1E-10 6.6E-10 4.9E-10 
1.6E-09 1.2E-09 8.4E-10 'I.OE-10 5.4E-10 
1.8E-09 1.4E-09 9.5E-10 7.7E-10 5.7E-10 
1. SE-09 1.4E-09 1. OE-09 8.5E-10 6.7E-10 
1.7E-09 1. 3E-09 9.0E-10 7.3E-10 5.5E-10 

Distance (m) 

SUMMARY 
Page 6 

2499 

2.3E-10 
1.1E-10 
1. 5E-10 
1.8E-10 
2.7E-10 
1.8E-10 
1.8E-10 
1.4E-10 
1. 9E-10 
1.8E-10 
2.4E-10 
2.3E-10 
2.6E-10 
2.5E-10 
3.4E-10 
2.4E-10 
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C A P 8 8 - P C 

Version 3.0 

Clean Air Act Assessment Pac:<age - 1988 

D 0 S E AN D R I S K E Q U I V A L E N T 

Non-Radon Population Assessment 
May 13, 2009 05:53 pm 

Facility: 
Address: 

City: 

Niagara Falls Storage Site 
1397 Pletcher Road 
Lewiston 

State: NY 

Source Category: 
Source Type: 

Emission Year: 

Zip: 

Area Source 
Area 
2008 

14174 

Comments: Tech Memo 2008 
Cap88V3 

Dataset Name: 
Dataset Date: 

Wind File: 
PC30\WindLib\IAG0905.WND 

Population File: 
PC30\Poplib\NFSS2003.POP 

NFSS 2008 Pop 
5/13/2009 5:31:00 PM 

C:\Program Files\CAP88-

C: \Program Files\CAP88-

S U M M A R I E S 



May 13, 2009 05:53pm SUMMARY 
Page 1 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected Collective 
Individual Population 

Pathway (mrem/y) (person-rem/y) 

INGESTION 3.80E-05 1.64E-03 
INHALATION 3.37E-02 4.54E-02 
AIR IMMERSION 1..23E-07 1.67E-07 
GROUND SURFACE 3,81E-05 9.24E-05 
INTERNAL 3.38E-02 4.70E-02 
EXTERNAL 3.83E-05 9.26E-05 

TOTAL 3.38E-02 4. 71E-02 



I 

I 

May 13, 2009 05:53pm SUMMARY 
Page 2 

NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected Collective 
Individual Population 

Nuclides (mrem/y) (person-rem/y) 

U-238 3 .13E-03 4.32E-03 
Th-234 8.94E-06 1.55E-05 
Pa-234m 6.31E-06 1.53E-05 
Pa-234 1.04E-09 1.40E-09 
U-234 3.60E-03 4.97E-03 
Th-230 3. 77E-03 5.17E-03 
Ra-226 1.08E-03 1.92E-03 
Rn-222 2.38E-14 5. 21E-14 
Po-218 1.39E-10 3.36E-10 
Pb-214 7.60E-06 1. 44E-05 
Bi-214 2. 76E-05 6.21E-05 
Po-214 1.27E-09 3.08E-09 
Pb-210 3.53E-04 9.45E-04 
Bi-210 2.94E-05 4.06E-05 
Po-210 1.01E-03 1.51E-03 
At-218 O.OOE+OO O.OOE+OO 
Th-232 2.61E-04 3.52E-04 
Ra-228 2.78E-05 3.75E-05 
Ac-228 1.27E-07 1. 72E-07 
Th-228 5.08E-04 6.86E-04 
Ra-224 3.81E-05 5 .16E-05 
Rn-220 9.07E-13 1. 98E-12 
Po-216 1. 09E-ll 2. 63E-11 
Pb-212 2.29E-06 3.18E-06 
Bi-212 5.47E-07 8.99E-07 
Po-212 O.OOE+OO O.OOE+OO 
Tl-208 3.05E-09 4 .llE-09 
U-235 3.30E-04 4.56E-04 
Th-231 1.25E-07 2.63E-07 
Pa-231 9.95E-03 1.35E-02 
Ac-227 7. 76E-03 1.05E-02 
Th-227 1. 09E-03 1. 47E-03 
Ra-223 7.93E-04 1. 09E-03 
Rn-219 1.08E-09 2.36E-09 
Po-215 9.45E-10 2.29E-09 
Pb-211 1. 71E-06 2.88E-06 
Bi-211 2.48E-07 5.99E-07 
Tl-207 3 .llE-07 7.54E-07 
Po-211 4.15E-13 5.59E-13 
Fr-223 1.53E-08 2.06E-08 

TOTAL 3.38E-02 4. 71E-02 



May 13, 2009 05:53 prn 

CANCER RISK SUMMARY 

Cancer 

Esophagu 
Stomach 
Colon 
Liver 
LUNG 
Bone 
Skin 
Breast 
Ovary 
Bladder 
Kidneys 
Thyroid 
Leukemia 
Residual 
Total 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

1. 70E-ll 
3.80E-ll 
9. SlE-11 
6.48E-10 
1. 34E-08 
4.29E-10 
1. 90E-12 
2. 23E-ll 
7 .90E-ll 
4. 04E-11 
5.85E-ll 
3.09E-12 
7.66E-ll 
1. 34E-10 
1. 51E-08 

PATHWAY RISK SUMMARY 

Selected Individual 
Total Lifetime 

Pathway Fatal Cancer Risk 

INGESTION 1.14E-ll 
INHALATION l.SOE-08 
AIR IMMERSION 6.58E-14 
GROUND SURFACE 1.74E-ll 
INTERNAL 1. 51E-08 
EXTERNAL l. 7 SE-ll 

TOTAL 1. 51E-08 

SUMMARY 
Page 3 

Total Collective 
Population Fatal 

Cancer Risk 
(Deaths/y) 

3.52E-10 
8.76E-10 
3 .llE-09 
1.23E-08 
2.35E-07 
8.41E-09 
4. 93E-ll 
5.21E-10 
1.46E-09 
8.31E-10 
l.SSE-09 
7. 04E-ll 
1. 64E-09 
3.64E-09 
2.70E-07 

Total Collective 
Population Fatal 

Cancer Risk 
(Deaths/y) 

6.57E-09 
2. 63E-07 
l.lSE-12 
5.47E-10 
2.69E-07 
5.49E-10 

2.70E-07 



May 13, 2009 05:53 pm 

NUCLIDE RISK SUMMARY 

Selected Individual 
Total Lifetime 

Nuclide Fatal Cancer Risk 

U-238 2.60E-09 
Th-234 8 .13E-12 
Pa-234m 1.01E-12 
Pa-234 6.65E-16 
U-234 3.00E-09 
Th-230 1.95E-09 
Ra-226 9.10E-10 
Rn-222 1. 29E-20 
Po-218 7.61E-17 
Pb-214 4.62E-12 
Bi-214 1. 46E-ll 
Po-214 6.98E-16 
Pb-210 2.15E-10 
Bi-210 2. 51E-ll 
Po-210 8.55E-10 
At-218 O.OOE+OO 
Th-232 1.16E-10 
Ra-228 1. 33E-11 
Ac-228 8 .12E-14 
Th-228 4.36E-10 
Ra-224 3.28E-ll 

H 
Rn-220 4.95E-19 

' Po-216 5.95E-18 
Pb-212 1.94E-12 
Bi-212 3.23E-13 
Po-212 O.OOE+OO 
Tl-208 1.68E-15 
U-235 2.74E-10 
Th-231 7.46E-14 
Pa-231 9.40E-10 
Ac-227 2.04E-09 
Th-227 9.44E-10 
Ra-223 6.84E-10 
Rn-219 5.84E-16 
Po-215 5.18E-16 
Pb-211 1.19E-12 
Bi-211 1. 36E-13 
Tl-207 3.98E-14 
Po-211 2.28E-19 
Fr-223 1.29E-14 

TOTAL 1.51E-08 

SUMMARY 
Page 4 

Total Collective 
Population Fata·l 

Cancer Risk 
(Deaths/y) 

4.59E-08 
2.02E-10 
3 .17E-ll 
1.16E-14 
5.29E-08 
3. 41E-08 
1.79E-08 
3.66E-19 
2.39E-15 
1.09E-10 
4.26E-10 
2 .19E-14 
5.78E-09 
4.48E-10 
1.56E-08 
O.OOE+OO 
2.02E-09 
2.32E-10 
1.42E-12 
7.61E-09 
5.74E-10 
l.40E-17 
1.86E-16 
3. 46E-11 
6.58E-12 
O.OOE+OO 
2.94E-14 
4.84E-09 
1.86E-12 
1.65E-08 
3.58E-08 
1.65E-08 
1. 21E-08 
1.65E-14 
1.62E-14 
2. 32E-ll 
4.25E-12 
1.25E-12 
3.97E-18 
2.26E-13 

2.70E-07 



May 13, 2009 05:53 pm 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance (m) 

SUMMARY 
Page 5 

Direction 250 750 1500 2500 3500 4500 7500 

N 3.4E-02 2.6E-03 8.1E-04 3.7E-04 2.2E-04 1.5E-04 6.6E-05 
NNW 3.4E-02 2.0E-03 4.2E-04 1.1E-04 6.6E-05 4.5E-05 2.0E-05 

NW 3.4E-02 1.7E-03 4.9E-04 2.1E-04 1.2E-04 8.0E-05 3.6E-05 
WNW 3.4E-02 2.7E-03 7.0E-04 2.7E-04 1.5E-04 1.0E-04 4.6E-05 

W 3.4E-02 2.9E-03 9.7E-04 4.7E-04 2.7E-04 1.8E-04 8.2E-05 
WSW 3.4E-02 3.0E-03 7.4E-04 2.7E-04 1.6E-04 1.1E-04 4.8E-05 

SW 3.3E-02 2.1E-03 6.3E-04 2.7E-04 1.6E-04 1.1E-04 4.8E-05 
SSW 3.4E-02 2.2E-03 5.2E-04 1.8E-04 1.0E-04 7.0E-05 3.1E-05 

S 3.4E-02 2.1E-03 6.5E-04 2.9E-04 1.7E-04 1.1E-04 5.1E-05 
SSE 3.4E-02 2.8E-03 7.1E-04 2.6E-04 1.5E-04 1.0E-04 4.6E-05 

SE 3.4E-02 3.0E-03 9.2E-04 4.1E-04 2.4E-04 1.6E-04 7.3E-05 
ESE 3.4E-02 3.6E-03 9.6E-04 3.8E-04 2.2E-04 1.5E-04 6.7E-05 

E 3.4E-02 3.6E-03 1.1E-03 4.5E-04 2.6E-04 1.8E-04 8.1E-05 
ENE 3.4E-02 4.3E-03 l..1E-03 4.3E-04 2.5E-04 1.7E-04 7.7E-05 

NE 3.4E-02 4.2E-03 1.4E-03 6.3E-04 3.7E-04 2.5E-04 1.1E-04 
NNE 3.4E-02 4.1E-03 1.1E-03 4.1E-04 2.4E-04 1.6E-04 7.4E-05 

Distance (m) 

Direction 15000 25000 35000 45000 55000 65000 75000 

N O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 2.2E-06 1.7E-06 
NNW O.OE+OO O.OE+OO O.OE+OO O.OE+OO 1.0E-06 7.6E-07 6.2E-07 

NW 1.3E-05 O.OE+OO O.OE+OO O.OE+OO 1.6E-06 1.1E-06 8.9E-07 
WNW 1.7E-05 O.OE+OO O.OE+OO O.OE+OO 2.0E-06 1.3E-06 1.0E-06 

W 3.0E-05 1.3E-05 S.OE-06 5.3E-06 3.6E-06 2.4E-06 1.8E-06 
WSW 1.8E-05 7.9E-06 4.9E-06 3.3E-06 2.3E-06 1.6E-06 1.2E-06 

SW 1.7E-05 7.9E-06 4.8E-06 3.3E-06 2.3E-06 1.6E-06 O.OE+OO 
SSW 1.1E-05 5.1E-06 3.1E-06 2.1E-06 O.OE+OO 1.1E-06 8.8E-07 

S 1.9E-05 8.3E-06 5.1E-06 3.4E-06 2.4E-06 1.7E-06 1.3E-06 
SSE 1.6E-05 7.5E-06 4.6E-06 3.1E-06 2.2E-06 1.5E-06 1.2E-06 

SE 2.6E-05 1.2E-05 7.2E-06 4.8E-06 3.4E-06 2.4E-06 1.8E-06 
ESE 2.4E-05 1.1E-05 6.7E-06 4.5E-06 3.2E-06 2.2E-06 1.8E-06 

E 2.9E-05 1.3E-05 8.2E-06 5.5E-06 3.8E-06 2.7E-06 2.1E-06 
ENE 2.8E-05 1.3E-05 7.9E-06 5.4E-06 3.8E-06 2.7E-06 2.1E-06 

NE 4.1E-05 1.9E-05 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
NNE 2.7E-05 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 2.0E-06 



May 13, 2009 05:53pm 

COLLECTIVE EFFECTIVE DOSE EQUIVALENT (person rem/y) 
(All Radionuclides and Pathways) 

Distance (m) 

SUMMARY 
Page 6 

Direction 250 750 1500 2500 3500 4500 7500 

N 3.0E-04 7.3E-05 7.7E-05 5.0E-05 4.0E-05 3.4E-05 9.0E-05 
NNW 3.0E-04 5.7E-05 4.2E-05 1.5E-05 1.2E-05 l.OE-05 3.1E-05 

NW 3.0E-04 4.8E-05 5.4E-05 3.1E-05 2.2E-05 2.1E-05 3.0E-04 
WNW 3.0E-04 7.7E-05 7.8E-05 4.9E-05 3.7E-05 5.9E-05 1.7E-04 

W 3.0E-04 8.2E-05 l.lE-04 8.7E-05 4.3E-04 6.1E-05 9.3E-05 
WSW 3.0E-04 8.3E-05 8.2E-05 5.1E-05 2.4E-04 2.1E-04 3.2E-04 

SW 3.0E-04 5.9E-05 6.9E-05 5.1E-05 5.1E-05 2.3E-04 5.9E-04 
SSW 3.0E-04 6.1E-05 5.8E-05 3.3E-05 3.0E-05 l.lE-04 3.5E-04 

S 3.0E-04 6.0E-05 7.2E-05 5.4E-05 3.8E-05 3.4E-05 5.3E-04 
SSE 3.0E-04 7.9E-05 7.8E-05 4.8E-05 3.3E-05 2.9E-05 2.1E-04 

SE 3.0E-04 8.5E-05 l.OE-04 7.7E-05 5.7E-05 4.6E-05 2.3E-04 
ESE 3.0E-04 l.OE-04 l.lE-04 7.0E-05 5.6E-05 4.8E-05 1.7E-04 

E 3.0E-04 l.OE-04 1.2E-04 8.4E-05 6.8E-05 5.9E-05 1.9E-04 
ENE 3.0E-04 1.2E-04 1.2E-04 7.7E-05 4.9E-05 3.5E-05 2.4E-04 

NE 3.0E-04 1.2E-04 1.5E-04 7.8E-05 4.2E-05 3.6E-05 3.0E-04 
NNE 3.0E-04 l.lE-04 l.OE-04 5.5E-05 4.3E-05 3.4E-05 l.lE-04 

Distance (m) 

Direction 15000 25000 35000 45000 55000 65000 75000 

N O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 1.6E-04 4.8E-04 
NNW O.OE+OO O.OE+OO O.OE+OO O.OE+OO 2.2E-04 B.lE-04 4.4E-04 

NW 1. 3E-05 0. OE+OO 0. OE+OO 0. OE+OO 7. 9E-06 9 .lE-04 4. 7E-04 
WNW 5.8E-05 O.OE+OO O.OE+OO O.OE+OO 2.0E-09 3.4E-04 9.2E-05 

W 7.8E-04 8.5E-04 7.5E-05 1.5E-04 7.4E-05 4.0E-04 4.6E-04 
WSW 2.6E-04 3.7E-04 3.9E-05 2.2E-05 1.2E-05 1.5E-05 7.1E-06 

SW 1.2E-03 4.4E-05 2.8E-04 4.5E-05 4.3E-06 l.lE-06 O.OE+OO 
SSW 1.3E-03 1.2E-05 2.4E-05 9.3E-06 O.OE+OO 1.5E-07 1.3E-05 

S 1.7E-03 4.5E-04 4.8E-04 2.0E-05 2.5E-04 l.OE-04 4.8E-05 
SSE 1.3E-03 3.5E-03 4.1E-03 1.5E-03 3.5E-04 6.7E-05 3.0E-05 

SE 4.7E-04 1.4E-03 1.3E-03 5.2E-04 1.6E-04 5.6E-05 4.1E-05 
ESE 2.7E-04 8.9E-04 l.OE-04 l.lE-04 7.1E-05 1.5E-04 5.7E-05 

E 2.8E-04 7.0E-04 1.3E-04 2.1E-04 5.9E-05 l.OE-04 8.2E-05 
ENE 1.6E-04 2.8E-04 7.5E-05 3.6E-05 2.2E-05 8.9E-06 4.1E-06 

NE 3.4E-04 2.2E-05 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
NNE 1.4E-05 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 4.3E-05 



May 13, 2009 OS:S3 pm SUMMARY 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 2SO 750 1SOO 2SOO 3SOO 4500 7500 

N 1.5E-08 1. 2E-09 3.6E-10 1."/E-10 9. 6E-ll 6. SE-ll 2. 9E-ll 
NNW 1.5E-08 9.0E-10 1.9E-10 5 .1E-ll 2. 9E-ll 2. OE-11 9.0E-12 

NW 1. SE-08 7.7E-10 2.2E-10 9. 2E-ll 5. 3E-ll 3. 6E-ll 1. 6E-ll 
WNW 1.5E-08 1.2E-09 3.1E-10 1. 2E-10 6. SE-ll 4. 6E-ll 2 .1E-ll 

w 1.5E-08 1.3E-09 4.3E-10 2.1E-10 1. 2E-10 8. 2E-ll 3. 7E-ll 
WSW 1.5E-08 1.3E-09 3.3E-10 1. 2E-10 7.1E-ll 4. SE-ll 2. 2E-ll 

sw 1.5E-08 9.4E-10 2.8E-10 1.2E-10 7 .1E-ll 4. SE-ll 2. 2E-ll 
ssw 1. SE-08 9.7E-10 2.3E-10 8. OE-ll 4.6E-ll 3 .1E-11 1. 4E-ll 

s 1.5E-08 9.5E-10 2.9E-10 1.3E-10 7. SE-ll S .1E-ll 2. 3E-ll 
SSE 1. SE-08 1. 3E-09 3.1E-10 1. 2E-10 6. 7E-ll 4. SE-11 2. OE-11 

SE 1.5E-08 1.4E-09 4.1E-10 1.8E-10 1.1E-10 7.2E-11 3. 2E-ll 
ESE 1. SE-08 1.6E-09 4.3E-10 1.7E-10 9. 7E-ll 6. 6E-ll 3. OE-11 

E 1.5E-08 1.6E-09 4.7E-10 2.0E-10 1. 2E-10 8.0E-11 3. 6E-ll 
ENE 1.SE-08 1.9E-09 S.OE-10 1.9E-10 1.1E-10 7. SE-ll 3. 4E-11 

NE 1.SE-08 1.9E-09 6.0E-10 2.8E-10 1. 6E-10 1.1E-10 S. OE-11 
NNE 1.SE-08 1. 8E-O 9 4.8E-10 1.8E-10 1.1E-10 7 .3E-ll 3. 3E-ll 

Distance (m) 

Direction 1SOOO 25000 35000 4SOOO 55000 65000 7SOOO I~( 

N O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 9. 3E-13 7.3E-13 
NNW O.OE+OO O.OE+OO O.OE+OO O.OE+OO 4.4E-13 3 .1E-13 2.SE-13 

NW 5.7E-12 O.OE+OO O.OE+OO O.OE+OO 6.9E-13 4. 8E-13 3. 7E-13 
WNW 7.4E-12 O.OE+OO O.OE+OO O.OE+OO 8.6E-13 S. 7E-13 4.4E-13 

w 1. 3E-ll S.9E-12 3.5E-12 2.3E-12 1.6E-12 1.0E-12 8. OE-13 
WSW 7.8E-12 3.SE-12 2.1E-12 1.4E-12 9.9E-13 6.8E-13 5.3E-13 

sw 7.8E-12 3.SE-12 2.1E-12 1.4E-12 9.8E-13 6.8E-13 O.OE+OO 
ssw S.OE-12 2.3E-12 1.4E-12 9.3E-13 O.OE+OO 4. 6E-13 3.7E-13 

s 8.2E-12 3."/E-12 2.2E-12 1. SE-12 1.0E-12 7.1E-13 5.6E-13 
SSE 7.3E-12 3.3E-12 2.0E-12 1.4E-12 9. SE-13 6.7E-13 S.2E-13 

SE 1. 2E-ll 5.2E-12 3.2E-12 2.1E-12 1. SE-12 1.0E-12 S.OE-13 
ESE 1.1E-11 4.9E-12 3.0E-12 2.0E-12 1.4E-12 9.7E-13 7.6E-13 

E 1. 3E-11 5.9E-l2 3.6E-12 2.4E-12 1. 7E-12 1. 2E-12 9.2E-13 
ENE 1. 2E-ll S.7E-12 3.5E-12 2.4E-12 1.7E-12 1. 2E-12 9.3E-13 

NE 1. SE-ll 8.4E-12 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
NNE 1. 2E-ll O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO S.SE-13 
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May 13, 2009 05:53pm 

COLLECTIVE FATAL CANCER RATE (deaths/y) 
(All Radionuclides and Pathways) 

Distance (rn) 

SUMMARY 
Page 8 

Direction 250 750 1500 2500 3500 4500 7500 

N 1.8E-09 4.2E-10 4.5E-10 2.9E-10 2.3E-10 2.0E-10 5.2E-10 
NNW l.SE-09 3.3E-10 2.4E-10 8.9E-ll 7 .2E-ll 5.8E-11 l.SE-10 

NW 1. 7E-09 2. SE-10 3 .1E-10 1. SE-10 1. 3E-10 1. 2E-10 1. 7E-09 
WNW 1. 7E-09. 4.4E-10 4.5E-10 2.8E-10 2.1E-10 3.4E-10 1.0E-09 

W 1.7E-09 4.8E-10 6.3E-10 5.0E-10 2.5E-09 3.5E-10 5.4E-10 
WSW 1.7E-09 4.8E-10 4.8E-10 2.9E-10 1.4E-09 1.2E-09 1.9E-09 

SW 1.7E-09 3.4E-10 4.0E-10 2.9E-10 2.9E-10 1.3E-09 3.4E-09 
SSW 1.7E-09 3.5E-10 3.3E-10 1.9E-10 1.7E-10 6.2E-10 2.0E-09 

S 1.7E-09 3.5E-10 4.2E-10 3.1E-10 2.2E-10 1.9E-10 3.1E-09 
SSE 1.8E-09 4.6E-10 4.5E-10 2.8E-10 1.9E-10 1.7E-10 1.2E-09 

SE 1.8E-09 4.9E-10 5.9E-10 4.4E-10 3.3E-10 2.6E-10 1.3E-09 
ESE 1.8E-09 5.8E-10 6.1E-10 4.0E-10 3.2E-10 2.8E-10 9.7E-10 

E 1.7E-09 5.9E-10 6.8E-10 4.9E-10 3.9E-10 3.4E-10 1.1E-09 
ENE 1.8E-09 7.0E-10 7.2E-10 4.4E-10 2.8E-10 2.0E-10 1.4E-09 

NE 1.8E-09 6.8E-10 8.5E-10 4.5E-10 2.4E-10 2.1E-10 1.8E-09 
NNE 1.8E-09 6.6E-10 6.0E-10 3.2E-10 2.5E-10 1.9E-10 6.4E-10 

Distance (m) 

Direction 15000 25000 35000 45000 55000 65000 75000 

N O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+DO 9.3E-10 2.7E-09 
NNW O.OE+OO O.OE+OO O.OE+OO O.OE+OO 1.2E-09 4.3E-09 2.3E-09 

NW 7.4E-11 O.OE+OO O.OE+OO O.OE+OO 4.4E-11 5.0E-09 2.6E-09 
WNW 3.3E-10 O.OE+OO O.OE+OO O.OE+OO 1.1E-14 1.9E-09 5.0E-10 

W 4.5E-09 4.9E-09 4.3E-10 8.4E-10 4.2E-10 2.2E-09 2.6E-09 
WSW 1.5E-09 2.1E-09 2.2E-10 1.3E-10 7.0E-11 8.6E-11 3.9E-11 

SW 7.1E-09 2.5E-10 1.6E-09 2 .. 6E-10 2.4E-11 6.0E-12 O.OE+OO 
SSW 7.5E-09 6.7E-11 1.4E-10 5.2E-11 O.OE+OO 8.4E-13 7.0E-11 

S 9.6E-09 2.6E-09 2.8E-09 1.1E-10 1.4E-09 5.7E-10 2.7E-10 
SSE 7.4E-09 2.0E-08 2.3E-08 8.3E-09 2.0E-09 3.7E-10 1.7E-10 

SE 2.7E-09 8.1E-09 7.7E-09 3.0E-09 8.9E-10 3.2E-10 2.3E-10 
ESE 1.6E-09 5.1E-09 6.0E-10 6.3E-10 4.0E-10 8.6E-10 3.2E-10 

E 1.6E-09 4.0E-09 7.4E-10 1.2E-09 3.3E-10 5.8E-10 4.6E-10 
ENE 9.2E-10 1.6E-09 4.3E-10 2.1E-10 1.2E-10 5.1E-11 2.3E-11 

NE 2.0E-09 1.3E-10 O.OE+OO O.DE+OO O.OE+OO O.OE+OO O.OE+OO 
NNE 8.1E-11 O.DE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 2.4E-10 
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U.S. Department of Commerce 
National Oceanic & Atmospheric Administration 

rr-

ANNUAL 
CLIMATOLOGICAL SUMMARY 

(2008) 

Station: 305840/99999, NIAGARA FALLS INTL AP, New York Elev. 1702 ft. above sea level 

National Climatic Data Center 
Federal Building 

151 Patton Avenue 
Asheville, North Carolina 28801 

Lat. Unkown. Lon. 785°7 'W 

Date Temperature (° F) Precipitation (inches) 
Elem-> MMXT MMNT MNTM DPNT HTDD CLDD EMXT 

Depart. Heating Cooling 
2008 Mean Mean from Degree Degree High 

Month Max. Min. Mean Normal Days Days Highest Date 

1 35.8 23.0 29.4 5.2 1098 0 63 8 

2 31.9 17.4 24.7 -0.6 1162 0 50 17 

3 37.7 23.0 30.4 -3.4 1064 0 60 3 
4 61.0 37.8 49.4 4.3 459 1 85 19 

5 63.2 41.9 52.6 -4.5 376 0 76 27 

6 77.1 58.9 68.0 2.2 37 137 90 10 

7 80.6 61.1 70.9 -0.5 5 197 89 13 

8 77.0 56.6 66.8 -2.8 32 95 88 23 

9 73.1 52.0 62.6 0.9 119 54 86 15 

10 58.4 38.1 48.3 -1.8 512 0 76 13 

11 46.2 32.2 39.2 -0.7 769 0 71 8 
12 37.6 22.5 30.1 0.4 1076 0 62 29 

Annual 56.6 38.7 47.7 ~0.1 6709 484 90 Jun 

(blank) Not reported. 

+ Occurred on one or more previous dates during the month. The date in 
the Date field is the last day of occurrence. Used through December 
1983 only. 

A Accumulated amount. This value is a total that may include data from a 
previous month or months or year (for annual value). 

B Adjusted Total. Monthly value totals based on proportional available 
data across the entire month. 

EMNP DT90 I DX32I DT32I DTOO TPCP DPNP EMXP I 

Number of Days Depart. Greatest Observed 

Low Max Max Min Min from 
Lowest Date >=90" <=32" <=32" <=0" Total Normal Day Date 

3 3 0 12 25 0 1.52 -1.03 0.27 11 

-1 29 0 14 28 1 3.59 1.27 0.96 6 

7 11 0 8 29 0 3.44 0.81 0.76 8 
23 3 0 0 9 0 1.27 -1.19 0.81 11 

28 1 0 0 2 0 2.50 -0.44 0.67 31 

49 19 1 0 0 0 3.54 0.28 0.71 17 

50 4 0 0 0 0 4.35 1.66 0.63 10 

48 20 0 0 0 0 3.32 0.29 0.61 6 

43 23 0 0 0 0 2.86 -0.66 0.85 14 

27 30 0 0 6 0 3.25 0.58 0.73 16 

17 23 0 4 12 0 2.23 -0.75 0.73 16 

6 21 0 15 29 0 4.58 1.70 0.91 10 

-1 Feb 1 53 140 1 36.45 2.52 0.96 Feb 

Notes 

X Monthly means or totals based on incomplete time series. 1 to 9 days are 
missing. Annual means or totals include one or more months which had 1 
to 9 days that were missing. 

M Used to indicate data element missing. 

T Trace of precipitation, snowfall, or snowdepth. The precipitation data value 
will= zero. 

Elem~ Element Types are included to provide cross~reference for users of the 
> NCDC COO System. 

E An estimated monthly or annual total. Station Station is identified by: CoopiD/WBAN, Station Name, State. 

Dynamically generated Man Jun 22 10:04:32 EDT 2009 via httrxllhurricane!ancsum/ACS. 
Data provided from the NCDC COO System 
Additional documentation can be found at http://cdo.ncdc.noaa.gov/cdo!3220doc.txt 

TSNWI MXSD I DP01 I DPOSI DP10 

Snow, Sleet Number of Days 

Total Max Max 
Fall Depth Date >=.10 >=.50 >=1.0 

13.2 3 27 6 0 

20.7 4 13 8 2 

26.6 14 9 10 2 
O.OT OT 1 2 1 

0.0 0 8 2 

0.0 0 11 1 

0.0 0 12 4 

0.0 0 10 1 
0.0 0 6 2 

O.OT OT 29 11 1 

9.6 5 20 7 1 

35.2 14 22 13 3 

105.3 14 Dec 104 20 

S Precipitation amount is continuing to be 
accumulated. Total will be included in a 
subsequent monthly or yearly value. 
Example: Days 1~20 had 1.35 inches of 
precipitation, then a period of 
accumulation began. The element TPCP 
would then be 00135S and the total 
accumulated amount value appears in a 
subsequent monthly value. lfTPCP = "M" 
there was no precipitation measured 
during the month. Flag is set to "S" and 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

the total accumulated amount appears in a 
subsequent monthly value. 
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS, NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation(Ground): 585 ft. above sea level 
Month: 01/2008 

emperature Degree Days Sun Snow/l~~~~~n Precipitation Pressure(inches of Hg) ~ind: Speed-mph 
D Fahrenheit)- Base 65 Degi-ees Ground In In) Dir=tens of de rees D 
a 

Dep Avg Significant Weather 1200 1800 2400 2400 
Avg. max max a 

t Avg. Sunrise Sunset UTC UTC LST LST Avg. Resultan Res Avg. 5-second 2-minute t 
e Max. Min. Avg. From 

Dew pt. 
We1 Heating Cooling LST LST ~ater Snow Water Station Sea Speed Dir Speed Normal Bulb Depth Equiv Fall Equiv 

Level Speed Dir Speed Dir e 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 35 24 30 M 27 29 35 0 - - SN FZFG BR HZ 1 M 2.1 0.19 29.09 29.77 4.9 35 12.8 26 360 23 350 01 
02 40s 14 M M 8 15 M M - SN 2 M T T 29.55 30.32 14.2 33 14.7 28 360 22 340 02 
03 25 3. 14 M 10 14 51 0 - SN BR HZ 2 M 0.5 0.01 29.95 30.65 4.7 22 7.5 37 210 29 220 03 
04 33 24 29 M 19 25 36 0 - - M M M 0.00 29.70 30.39 17.3 22 17.3 41 220 33 220 04 
05 39 29 34 M 27 32 31 0 - - RASN BR 1 M T 0.02 29.50 30.16 11.3 20 11.5 25 210 20 200 05 
06 49 38 44 M 42 42 21 0 - RADZ BR T M 0.0 0.05 29.40 30.06 8.7 19 8.8 22 180 16 180 061 07 61 17s M M 51 53 M M - RADZ BR 0 M 0.0 0.01 29.35 30.00 15.0 20 15.2 29 210 23 210 07 
08 63. 51 5.,. M 50 54 8 0 - - RA 0 M 0.0 0.05 29.23 29.83 15.7 20 15.9 37 200 29 200 08 
09 58 34 46 M 36 40 19 0 - - RABR M M M 0.21 29.10 29.80 19.8 23 21.1 56 230 47 220 09 
10 41 28 35 M 30 33 30 0 - RABR HZ 0 M 0.0 0.03 29.42 30.06 4.2 10 7.6 22 090 17 090 10 
11 47 35 41 M 35 38 24 0 RABR 0 M O.Os 0.27 28.90 29.59 15.3 22 19.3 48 230 38 230 11 
12 40 29 35 M 30 34 30 0 - RABR HZ M M M T 29.40 30.06 9.4 24 9.6 29 240 23 270 12 
13 39 25 32 M 28 31 33 0 - - RASN BR 0 M T T 29.41 30.06 7.7 10 7.9 20 130 17 140 13 
14 38 30 34 M 31 32 31 0 - RASN BR HZ 0 M 0.5 0.12 29.18 29.85 9.7 23 10.8 22 240 18 240 14 
15 32 28 30 M 26 28 35 0 - SN BR T M 0.5 0.04 29.23 29.94 7.4 28 9.5 18 260 15 260 15 
16 31 22 27 M 22 26 38 0 - - SN T M T T 29.60 30.30 5.6 24 7.6 18 280 15 280 16 
17 37 24 31 M 25 29 34 0 - - RASN BR 0 M T 0.01 29.42 30.05 8.3 16 9.2 28 ~~0 22 180 17 
18 37 24 31 M 19 25 34 0 - RASN BR M M M 0.11 29.22 29.92 20.1 24 20.7 44 40 35 230 18 
19 29 11 20 M 12 19 45 0 SN BR M M M T 29.32 30.03 14.6 26 15.4 35 260 30 270 19 
20 16 7 12. M 0 9 53 0 - M M M 0.00 29.56 30.27 19.5 25 19.7 35 260 28 250 20 
21 21 9 15 M 4 13 50 0 - - SN BR M M M T 29.87 30.59 13.3 24 14.3 29 260 23 250 21 
22 33 10 22 M 17 21 43 0 - SN BR BLSN M M M 0.01 29.27 30.00 11.9 23 15.3 44 280 36 280 22 
23 20 16 18 M 8 16 47 0 SN HZ M M M T 29.35 30.04 14.7 25 14.9 31 270 24 260 23 
24 21 14 18 M 11 16 47 0 - SN FZFG BR M M M 0.02 29.41 30.14 6.8 26 8.4 22 260 17 250 24 
25 23 11 17 M 9 16 48 0 - - M M M 0.00 29.65 30.35 18.3 24 18.5 39 220 32 220 25 
26 25 15 20 M 15 19 45 0 - - SN BR M M M 0.02 29.48 30.20 3.8 19 5.9 16 240 14 240 26 
27 33 20 27 M 22 25 38 0 - SN BR M M M T 29.43 30.13 0.5 17 1.6 12 190 10 190 27 
28 35 27 31 M 24 28 34 0 - SN BR HZ 1 M T T 29.46 30.10 5.0 17 5.8 16 160 14 170 28 
29 47 35 41 M 35 39 24 0 - - RABR T M 0.0 0.02 28.95 29.54 11.7 18 12.4 28 190 22 190 29 
30 51 15 33 M 16 21 32 0 - - fA SN BR UP BLSN T M 1.3 0.12 28.92 29.70 28.7 24 30.2 64 bzo 52 230 30 
31 26 12 19 M 9 16 46 0 - T M 0.0 0.00 29.81 30.53 2.8 23 8.9 32 260 28 260 31 

36.3 22.0 29.2 22.5 27.0 35.9 0.0 <- Month! Averages Totals- -> M 13.2s 1.52s 29.39 30.07 8.9 23 12.8 <Month! Avera e 

M M M <--- -----Departure From Normal-- - ---> M 

Greatest 24-hr Precipitation: 0.27 Date: 10-11 
Sea Level Pressure Date T~~~) 

Degree Days Monthly Season to Date Greatest 24-hr Snowfall: 0.2 Date: 01 

Greatest Snow Depth: 3s Date: 27 Maximum 30.78 03 1043 
Total Departure Total Departure Minimum 29.00 30 0312 

Heating: 1042 M M M Max Temp> 90: 0 Min Temp <=32: 26 Precipitation >=.01 inch: 21s 
Cooling: 0 M Number of Days with-----> 

Max Temp <=32: Min Temp <=0 :0 Precipitation >=.10 inch: 11 
!Thunderstorms : 0 

Heavy Fog :0 Snowfall >=1.0 inch oM 

EXTREME FOR THE MONTH· LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VER2 
-------
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

I 

(final) 
NIAGARA FALLS , NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation(Ground): 585ft. above sea level 
Month: 02/2008 

·emperature Degree Days 
Sun 

Snow/Ice on Precipitation Pressure(inches of Hg) 1:::.~ind: Speed=mph 
D Fahrenheit) Base 65 Deqrees Ground(ln) In) Dir=tens of de rees D 
a 

Dep Avg Significant Weather 1200 1800 2400 2400 max max a 
t Avg. Sunrise Sunset UTC UTC LST LST Avg. Avg. 

Resultan Re Avg. 5--second 2-minute t 
e Max. Min. Avg. From Dewpt Wet Heating Cooling LST LST Water Snow Water Station Sea Speed Dir Spee 

Dir 
8 

Normal Bulb Depth Eouiv Fall Eouiv 
Level Speed Dir Speed 

1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 
01 M M M M 27 29 M M FZRASN PL BR M M M M M 29.98 7.0 07 M M M M M 01 
02 M M M M 29 30 M M - - FZRA FZDZ SN BR M M M M M 30.12 9.0 24 M M M M M 02 
03 M M M M 27 30 M M - - SN BR HZ M M M M M 30.24 2.8 26 M M M M M 03 
04 M M M M 30 32 M M - - ~~RHZVCTS M M M M M 30.13 6.0 06 M M M M M 04 
05 M M M M 37 36 M M RA DZ FG+ FG BR UP M M M M M 29.84 2.6 29 M M M M M 05 
06 33 29, M M 29 30 M M - - FZRA FZDZ SN PL BR UP T M 0.1 0.96 29.02 29.65 16.3 05 16.1 35 070 30 070 06 
07 33 21 27 M 21 24 38 0 - - SN FZFG BR 1 M 1.1 0.02 29.10 29.84 4.0 26 6.9 30 360 23 010 07 
06 31 25 26 M 25 28 37 0 SN BR 1 M 0.4 0.04 29.29 29.98 3.3 21 4.4 16 220 13 220 06 
09 37 30 34 M 29 32 31 0 - RASN BR HZ 1 M 0.3 0.07 29.16 29.80 9.8 19 12.2 36 220 29 230 09 
10 32 2 17 M 5 13 46 0 - - N FZFG BR BLSN 1 M 1.1 0.04 29.13 29.87 23.5 25 24.1 47 260 41 80 10 
11 16 2 9 M 0 7 56 0 - - 1 M 0.0 0.00 29.62 30.37 15.9 24 16.0 36 260 29 50 11 
12 25 7 16 M 10 14 49 0 FZRA SN BR BLSN 1 M 2.2 0.16 29.57 30.20 6.9 09 9.6 24 080 21 090 12 
13 33 11 22 M 19 22 43 0 - - SN BR 4 M 1.0 0.07 29.12 29.83 6.2 26 10.5 24 230 20 230 13 
14 32 17 25 M 16 23 40 0 - - 3 M 0.0 0.00 29.38 30.06 13.5 21 14.2 30 210 25 220 14 
15 34 16 26 M 16 22 39 0 - SN BR 3 M 0.2s T 29.42 30.16 14.2 27 16.2 36 230 31 230 15 
16 24 9 17 M 10 16 46 0 3 M T T 29.64 30.32 7.0 22 8.2 23 24 16 22 16 
17 so· 12 31 M 26 32 34 0 - - RA FZRABR 2 M 0.0 0.26 29.12 29.72 10.8 17 11.9 39 160 31 170 17 
16 46 26 36. M 29 33 27 0 - - RASN BR HZ M M M 0.17 28.84 29.54 22.6 23 23.1 55 240 40 230 16 
19 26 19 24 M 12 19 41 0 SN T M 0.3s T 29.14 29.86 18.7 24 18.8 39 240 32 240 19 
20 22 13 18 M 7 15 47 0 - - SN T M 0.1s T 29.41 30.15 12.5 26 13.2 29 240 23 250 20 
21 23 11 17 M 8 16 46 0 - - SN BR T M T T 29.69 30.38 6.0 24 9.1 22 240 16 260 21 
22 31 20 26 M 19 23 39 0 - - SN BR 1 M 1.4 0.06 29.35 30.02 4.4 05 5.8 16 010 13 020 22 
23 29 17 23 M 16 22 42 0 SN T M T T 29.38 30.09 2.4 29 6.6 16 230 14 230 23 
24 33 16 25 M 18 22 40 0 - - BR M M M 0.00 29.46 30.13 11.4 22 11.7 29 230 22 220 24 
25 34 21 28 M 23 26 37 0 - - BRHZ T M 0.0 0.00 29.29 29.96 11.5 22 11.9 29 230 23 230 25 
26 32 26 29 M 27 29 36 0 - SN FZFG BR 1 M 3.4 0.24 29.00 29.64 7.0 02 9.6 26 020 23 360 26 
27 26 9 16 M 7 12 47 0 - SN BR 3 M 0.1 0.01 29.10 29.83 13.4 31 14.3 26 330 22 340 27 
28 14 1 6• M 2 7 57 0 - - SN BR 3 M 0.7 0.01 29.49 30.25 6.6 26 8.0 20 250 17 250 26 
29 34 -1· 17 M 14 18 46 0 - - SN BR M M M 0.05 29.39 30.18 6.5 15 10.0 29 180 23 210 29 

31.7 17.4 24.6 18.8 22.9 M M < --Monthl Avera es Totals--- > M 20.7s 3.59s 29.32 29.99 5.2 24 M Monthl Avera e 
M M M <-- - --De arture From Normal -- - -> M 

Greatest 24-hr Precipitation: 0.96s Date: 05-06 
Sea Level Pressure Date J~~~) 

Degree Days Monthly Season to Date Greatest 24-hr SnoVIffa\1: 0.5 Date: 01 

Greatest Snow Depth: 4s Date: 13 Maximum 30.48 21 1035 
Total Departure Total Departure Minimum 29.25 16 0144 

Heating: M M M Max Temp> 90: 0 ~~n Temp <=32: 28s 
Cooling: M M M M Max Temp <=32: 

Precipitation >=.01 inch: 17s 
Number of Days with------ 14, Min Temp <=0 : 1 Precipitation >=.10 inch: 

tThunderstorms : 0 
Heavy Fog : 1 Snowfall >=1. 0 inch :M 

EXTREME FOR THE MONTH - LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VE~ 
........ _ --- ........ ____ ---
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS, NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation(Ground): 585ft. above sea level 
Month: 03/2008 

emperature Degree Days 
Sun Snow/1~(1 ~~ P~}cipitation Pressure(inches of Hg ~ind: Speed mph 

D Fahrenheit Base 65 Degrees Ground In In Oir=tens of de rees D 
a 

Dep Avg Significant Weather 1200 1800 2400 2400 
Avg. 

max max a 
t Avg. Sunrise Sunset UTC UTC LST LST Avg. Resultan Res Avg. 5-second 2-minute t 
e Max. Min. Avg. From Dew pt. Wet Heating Cooling 

LST LST p:yate Snow Water Station Sea Speed Dir Speed Dir e Normal Bulb Depth Eauiv Fall Eauiv 
Level Speed Dir Speed 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 34 25 30 M 22 27 35 0 SN BR M M M T 29.33 30.03 15.5 26 16.5 33 40 26 60 01 
02 34 22 28 M 19 26 37 0 - RAHZ M M M 0.00 29.60 30.27 1.7 13 5.4 13 90 12 090 02 
03 eo· 33 47 M 35 42 18 0 - RABR M M M 0.13 29.18 29.84 12.7 21 15.4 35 10 28 10 03 
04 34 25 30 M 23 26 35 0 - - FZRA FZDZ SN BR UP BLSN M M M 0.28 29.28 29.97 10.4 03 14.6 41 050 33 050 04 
05 32 23 28 M 22 25 37 0 - - FZRA SN FZFG BR M M M 0.47 29.01 29.78 5.8 27 14.8 37 050 31 050 05 
06 37 26 32 M 26 30 33 0 - - SN BR M M M T 29.47 30.15 13.4 21 13.6 30 240 24 230 06 
07 32 26 29 M 27 29 36 0 - - N FG+ FZFG BR BLSN M M M 0.19 29.48 30.15 8.6 36 10.0 25 360 20 360 07 
08 39 24 32 M 22 25 33 0 - FZRA SN FG+ FZFG BR UP HZ BLSN M M M 0.32 29.01 29.71 14.6 36 18.4 33 320 30 330 08 
09 35 15 25 M 10 22 40 0 - SN UP HZ 14 M 1.0 0.05 29.46 30.21 16.2 25 16.5 32 240 28 250 09 
10 37 11 24 M 15 23 41 0 - HZ 12 M 0.0 0.00 29.68 30.36 3.4 24 4.1 13 230 10 220 10 
11 42s 7" M M 20 24 M M - SN FG+ FZFG BR HZ 10 M T T 29.41 30.05 10.4 22 10.7 32 210 28 210 11 
12 33 13 23" M 21 26 42 0 - SN BR 11 M 1.1 0.07 29.18 29.88 10.1 29 12.1 28 240 23 30 12 
13 44 13 29 M 22 27 36 0 - SN BR HZ 8 M T T 29.18 29.84 4.3 18 10.2 35 30 28 30 13 
14 47 27 37 M 32 35 28 0 - - FG+ FZFG BR HZ 5 M 0.0 T 29.10 29.76 1.6 18 3.1 10 00 9 60 14 
15 40 30 35 M 31 33 30 0 - - DZ FG+ FG BR HZ 3 M 0.0 T 29.13 29.82 4.0 26 6.8 14 340 13 220 15 
16 34 24 29 M 22 27 36 0 - - SN BR 2 M 0.3 0.03 29.51 30.25 11.4 32 11.7 24 320 20 320 16 
17 35 16 26 M 16 23 39 0 - 2 M 0.0 0.00 29.91 30.60 6.4 05 7.8 15 080 13 050 17 
18 41 28 35 M 30 34 30 0 - RADZ BR 2 M 0.0 0.07 29.49 30.10 7.2 14 8.4 18 170 15 170 18 
19 41 32 37 M 36 36 28 0 - RA DZ SN FG+ BR T M 1.5 0.53 29.00 29.64 4.9 31 7.9 20 350 15 300 19 
20 35 28 32 M 24 29 33 0 SN 1 M T T 29.21 29.94 20.3 29 20.5 39 290 35 280 20 
21 32 25 29 M 16 24 36 0 - 1 M 0.0 0.00 29.55 30.24 10.6 29 11.8 32 320 29 20 21 
22 31 20 26 M 10 21 39 0 - T M 0.0 0.00 29.46 30.15 7.5 33 8.8 18 300 16 00 22 
23 32 16 24 M 13 22 41 0 - - T M 0.0 0.00 29.57 30.27 4.3 30 6.3 17 330 14 30 23 
24 32 22 27 M 17 23 38 0 SN BR T M 0.2s T 29.64 30.34 4.0 29 7.8 16 220 14 230 24 
25 40 19 30 M 24 28 35 0 - - RASN BR T M 0.3 0.30 29.43 30.06 14.9 20 15.2 38 190 31 200 25 
26 42 30 36 M 28 33 29 0 - BR T M 0.0 0.00 29.34 30.03 11.2 24 12.7 23 250 20 280 26 
27 44 29 37 M 30 33 28 0 - RASN BR M M M 0.16 29.35 30.03 0.9 27 5.9 14 030 12 030 27 
28 36 27 32 M 24 29 33 0 - ~N FZFG BR M M M 0.13 29.35 30.09 8.4 35 9.8 21 320 17 320 28 
29 33 18 26 M 15 24 39 0 - M M M 0.00 29.85 30.54 2.6 02 5.8 15 020 13 020 29 
30 46 20 33 M 18 29 32 0 - RA M M M T 29.81 30.51 9.7 10 11.0 25 090 21 090 30 
31 54 39 47" M 41 44 18 0 - RABR T M 0.0 0.24 29.49 30.11 10.5 18 10.6 30 180 25 190 31 

38.3 23.0 30.7 22.9 28.4 33.8 0.0 <----Month! Avera es Totals- --> M 26.6s 3.44s 29.41 30.08 3.7 27 10.8 <Monthl Avera e 

M M M <---- - De arture From Normal -- -- -> M 

Greatest 24-hr Precipitation: 0.76s Date: 08 
Sea Level Pressure Date T~~~) 

Degree Days Monthly Season to Date Greatest 24-hr Snowfall: 1.3 Date: 08 

Greatest Snow Depth: 14s Date: 09 Maximum 30.72 17 0950 
Total Departure Total Departure Minimum 29.42 08 1622 

Heating: 1015 M M M Max Temp> 90: 0 
Cooling: 0 M Max Temp <=32: 6 

Min Temp <=32: 29 Precipitation >=.01 inch: 15s 
Number of Days with------> Min Temp <=0 : 0 Precipitation >=.10 inch: hunderstorms Heavy Fog :6 pnowfall >=1.0 inch : M 0 

EXTREME FOR THE MONTH· LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VER2 
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS , NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation( Ground): 585ft. above sea level 
Month: 04/2008 

emperat~~~ Degree Days s,n Snow/Ice ~in Precipitation 
Pressure(inches of Hg) ~~ind: Speed-mph 

D Fahrenheit Base 65 DeQrees Ground (In In) Dir=tens of de rees D 
a 

Dep Avg Significant Weather 
1200 1800 2400 2400 

Avg. max max a 
t 

Max. Min. Avg. From 
Avg. 

Wet Heating Cooling Sunrise Sunset UTC UTC LST LST Avg. 
Sea 

Resultan Res Avg. 5~second 2~minute t 
e Dew pt LST LST Wate Snow Water Station Speed Dir Speed 

Dir 
8 

Normal Bulb Depth 
Equiv Fall Equiv 

Level Speed Dir Speed 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 59 32 46 M 40 44 19 0 - RASN BR M M M 0.05 29.12 29.79 19.8 23 23.4 52 30 41 30 01 
02 40 26 33' M 18 27 32 0 - M M M 0.00 29.79 30.47 9.5 28 11.9 29 310 23 290 02 
03 55 23" 39 M 23 33 26 0 - - BR M M M 0.00 29.63 30.29 2.2 12 5.6 17 170 14 170 03 
04 45 35 40 M 37 38 25 0 - RA DZBR M M M 0.24 29.15 29.82 5.5 04 8.6 18 020 15 020 04 
05 51 32 42 M 34 38 23 0 - BR M M M 0.00 29.41 30.08 4.6 21 6.0 17 200 13 240 05 
06 61 32 47 M 34 41 18 0 - - BR M M M 0.00 29.50 30.16 10.1 08 10.6 26 090 21 060 06 
07 66 38 52 M 40 47 13 0 - - M M M 0.00 29.44 30.08 7.3 15 8.6 23 150 20 140 07 
08 67 41 54 M 43 48 11 0 - BRHZ M M M 0.00 29.49 30.14 3.1 16 8.0 21 200 17 200 08 
09 59 40 50 M 42 47 15 0 - RA M M M 0.05 29.37 30.03 11.4 21 13.9 36 30 29 220 09 
10 51 32 42 M 32 38 23 0 - RA M M M T 29.57 30.22 4.4 03 7.2 17 050 15 050 10 
11 63 38 51 M 42 44 14 0 - RABR M M M 0.81 29.05 29.74 10.0 07 11.7 31 090 25 090 11 
12 48 38 43 M 39 41 22 0 - RABR M M M 0.05 28.97 29.62 12.6 22 13.7 29 240 23 230 12 
13 43 34 39 M 29 34 26 0 - RASN BR 0 M T 0.05 29.21 29.91 10.2 36 11.5 22 350 20 030 13 
14 49 35 42 M 25 35 23 0 - - M M M 0.00 29.47 30.14 7.6 34 8.7 25 030 17 010 14 
15 51 28 40 M 24 34 25 0 - - M M M 0.00 29.59 30.25 6.9 21 8.0 23 220 18 220 15 
16 64 35 50 M 24 39 15 0 - M M M 0.00 29.52 30.17 8.7 20 9.2 26 ~;o 21 ~~0 16 
17 72 43 58 M 32 46 7 0 - M M M 0.00 29.42 30.06 8.1 21 8.6 21 200 18 190 17 
18 76 43 60 M 42 51 5 0 - - HZ M M M 0.07s 29.37 30.01 3.1 22 3.8 20 210 14 260 18 
19 as· 47 66' M 46 55 0 1 - HZ M M M 0.00 29.23 29.85 6.8 06 8.0 24 040 21 050 19 
20 75 49 62 M 47 54 3 0 - BRHZ M M M 0.00 29.33 29.96 6.6 14 8.5 24 160 21 150 20 
21 75 51 63 M 51 56 2 0 - - M M M 0.00 29.53 30.17 4.4 06 6.7 22 110 16 030 21 
22 74 49 62 M 46 54 3 0 - HZ M M M 0.00 29.52 30.15 2.0 11 5.8 20 010 18 o;o 22 
23 72 45 59 M 45 53 6 0 - RAHZ M M M 0.01 29.50 30.14 4.6 23 8.1 21 340 18 330 23 
24 69 36 53 M 30 45 12 0 M M M 0.00 29.62 30.27 4.8 06 6.3 20 040 17 040 24 
25 74 46 60 M 39 50 5 0 - RA M M M T 29.37 30.00 4.0 14 5.4 15 200 14 210 25 
26 77 48 63 M 48 54 2 0 - s M M M 0.01 29.27 29.91 12.7 21 14.0 36 230 28 230 26 
27 63 43 53 M 35 45 12 0 - - M M M 0.00 29.44 30.09 7.4 22 8.9 24 200 21 190 27 
28 51 38 45 M 38 41 20 0 - - RADZ BR M M M 0.55 29.21 29.86 11.2 32 12.0 26 330 21 340 28 
29 48 31 40 M 29 35 25 0 - RA 0 M 0.0 T 29.29 29.97 7.1 30 8.6 20 230 17 300 29 
30 49 27 38 M 22 33 27 0 - 0 M 0.0 0.00 29.43 30.11 7.0 22 8.2 23 200 20 240 30 

61.1 37.8 49.5 35.9 43.3 15.3 0.0 <-- Month! Avera es Totals- --> M 0.0 1.82s 29.39 30.04 2.1 21 9.3 <Month! Avera e 
M M M <-- ----De arture From Normal--- --> M 

Greatest 24-hr Precipitation: 0.81 Date: 11 
Sea Level Pressure Date J~~~) 

Degree Days Monthly Season to Date Greatest 24-hr Snowfall: M Date: M 

Greatest Snow Depth: M Date: M Maximum 30.54 02 1233 
Total Departure Total Departure Minimum 29.45 11 2341 

Heating: 459 M M M Max Temp >=90: 0 
Cooling: 1 M Number of Days with------> ~~ax Temp <=32: 0 

Min Temp <=32: 9 Precipitation >=.01 inch: 9s 

hunderstorms : 
Min Temp <=0 : o Precipitation >=.1 0 inch: 

1 Heavy Fog :0 Snowfall >=1.0 inch oM 

EXTREME FOR THE MONTH -LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VER2 
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QUALITY CONTROLLED LOCAL 
: 

CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) NIAGARA FALLS , NY 
Lat. 43.107 Lon. -78.945 

NOAA, National Climatic Data Center 
Elevation( Ground): 585ft. above sea level 

Month: 05/2008 

emperature Degree Days 
Sun Snow/lee on P~~cipitation Pressure(inches of Hg jWind: Speed-mph 

D Fahrenheit\ Base 65 Deai-ees Ground(ln) In Dir=tens of de rees D a 
Dep Avg Significant Weather 1200 1800 2400 2400 max max a t Avg. Sunrise Sunset UTC UTC LST LST Avg. Avg. 

Resultan ~~r Avg. 5wsecond 2-minute t Max. Min. Avg. From Wet Heating Cooling Sea e Dew pt. LST LST Wate Snow Water Station Speed Speed 
Speed Dir e 

Normal Bulb Depth 
IEquiv Fall Eouiv Level Speed Dir 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 60 29· 45 M 31 40 20 0 - RABR 0 M 0.0 0.06 29.41 30.04 6.5 08 7.2 21 090 18 070 01 02 61 48 55 M 52 54 10 0 - - RABR HZ 0 M 0.0 .0.21 29.23 29.86 6.3 08 7.3 20 090 16 090 02 03 71 49 60 M 55 57 5 0 - RABRSQ 0 M 0.0 0.49 29.13 29.75 7.5 18 10.2 495 260 37 270 03 04 55 40 48 M 39 44 17 0 - RA M M M 0.03 29.35 30.02 12.6 23 13.8 26 200 23 200 04 05 67 33 50 M 36 45 15 0 - - M M M 0.00 29.40 30.05 8.8 20 9.2 26 220 22 210 05 06 63 40 52 M 34 44 13 0 - - RA M M M T 29.39 30.03 2.9 36 4.9 21 30 18 320 06 07 74 45 60 M 48 53 5 0 - RABR M M M 0.34 29.10 29.75 7.7 20 10.4 29 220 23 220 07 08 57 41 49 M 41 46 16 0 - BR 0 M 0.0 0.00 29.13 29.80 7.4 30 8.9 22 310 20 310 08 09 60 41 51 M 38 45 14 0 - 0 M 0.0 0.00 29.16 29.80 9.8 05 10.4 23 060 20 040 09 10 66 45 56 M 36 46 9 0 - - 0 M 0.0 0.00 29.22 29.87 5.0 34 7.3 23 360 16 350 10 11 67 41 54 M 40 47 11 0 - RABR 0 M 0.0 0.18 29.04 29.65 8.9 12 9.9 36 130 28 110 11 12 60 46 53 M 41 47 12 0 - RABR 0 M 0.0 0.02 29.15 29.84 1.3 04 5.5 28 170 20 160 12 13 71 42 57 M 44 so 8 0 -

~ 
0 M 0.0 0.00 29.45 30.10 2.0 25 5.2 15 320 12 290 13 14 68 44 56 M 48 52 9 0 - - BR 0 M 0.0 0.11 29.30 29.92 9.3 20 9.6 26 210 23 210 14 15 62 43 53 M 41 48 12 0 - - 0 M 0.0 0.00 29.37 30.02 5.8 33 7.0 25 010 20 310 15 16 63 46 55 M 40 47 10 0 - 0 M 0.0 0.00 29.18 29.80 1.9 32 6.5 17 23 14 10 16 17 66 46 56 M 42 48 9 0 - RA 0 M 0.0 0.08 28.87 29.49 12.5 23 15.0 38 230 31 220 17 18 52 40 46 M 40 44 19 0 - - RABR 0 M 0.0 0.12 28.79 29.42 9.4 25 12.0 33 290 29 290 18 19 52 38 45 M 35 40 20 0 - - ~ 0 M 0.0 0.03 28.92 29.57 14.9 25 15.5 36 260 25 250 19 20 63 39 51 M 37 45 14 0 - - 0 M 0.0 T 28.89 29.51 7.4 25 10.5 25 310 22 300 20 21 49 40 45. M 36 41 20 0 - RA 0 M 0.0 0.10 28.87 29.52 12.0 25 12.8 24 30 20 50 21 22 59 42 51 M 40 45 14 0 - RA 0 M 0.0 0.04 29.05 29.74 13.4 28 14.1 28 320 22 290 22 23 63 41 52 M 42 47 13 0 - - 0 M 0.0 0.00 29.36 30.02 7.8 29 9.4 21 310 16 300 23 24 64 46 55 M 40 48 10 0 - - 0 M 0.0 0.00 29.46 30.11 7.3 31 8.9 23 310 18 300 24 25 72 41 57 M 42 50 8 0 - - ~~BR 0 M 0.0 0.00 29.44 30.06 6.4 21 7.0 20 250 17 180 25 26 76• 51 64 M 53 59 1 0 - SRA 0 M 0.0 T 29.15 29.76 13.1 22 14.0 35 20 29 20 26 27 68 41 55 M 41 47 10 0 - 0 M 0.0 0.02 29.34 30.03 11.8 32 12.3 24 320 20 320 27 28 62 37 50 M 33 42 15 0 - 0 M 0.0 0.00 29.67 30.32 4.7 29 8.7 18 31 15 210 28 29 68 42 55 M 40 48 10 0 - - 0 M 0.0 0.00 29.52 30.16 10.8 21 11.1 25 220 21 200 29 30 72 45 59 M 41 51 6 0 - - IT~RA RA BR VCTS 0 M 0.0 T 29.38 29.97 6.5 18 6.9 24 190 18 190 30 31 73 56 w M 60 62 0 0 - - SRARABRHZ 0 M 0.0 0.93 29.02 29.65 12.3 22 13.4 41 220 33 20 31 

64.0 42.5 53.3 41.5 47.8 11.5 0.0 <----Month l Averages Totals----> M M 2.77s 29.22 29.86 4.3 24 9.8 <Monthl Avera e 
M M M <- - - Deoarture From Normal--- -----> M 

Greatest 24-hr Precipitation: 0.93 Date: 31 
Sea Level Pressure Date ~~~) 

Degree Days Monthly Season to Date Greatest 24-hr Snowfall: M Date: M 

Greatest Snow Depth: M Date: M Maximum 30.40 28 1036 
Total Departure Total Departure 

Minimum 29.33 18 1428 
Heating: 355 M M M Max Temp >=90: 0 

Min Temp <=32: 1 Precipitation >=.01 inch: 15 Cooling: 0 M Max Temp <=32: 0 Number of Days with------> 
!Thunderstorms : Min Temp <=0 :0 Precipitation >=.10 inch: 

~ Heavy Fog :0 Snowfall >=1.0 inch :M 

EXTREME FOR THE MONTH- LAST OCCURRENCE IF MORE THAN ONE. Data Version: 
VER2 
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS , NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation( Ground): 585ft. above sea level 
Month: 08/2008 

emperature Degree Days 
Sun 

Snow/Ice on Precipitation 
Pressure(inches of Hg) ~~~ind: Speed mph 

D Fahrenheit)- Base 65 Deqrees Ground(!n) In) Dir=tens of de rees D 
a 

Dep Avg Significant Weather 1200 1800 2400 2400 max max a 
t Avg. Sunrise Sunset UTC UTC LST LST Avg. 

Avg. 
Resultan Re' Avg. 5-second 2-minute t Max. Min. Avg. From Wet Heating Cooling Sea e Dew pt. LST LST Water Snow Water Station Speed Dir Speed Dir e Normal Bulb Depth 

Equiv Fall Equiv Level Speed Dir Speed 

t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 81 61 71 M 63 66 0 6 - 0 M 0.0 0.00 29.12 29.74 6.0 25 7.4 20 290 16 ~80 01 
02 78 64 71 M 61 65 0 6 - RABRVCTS 0 M 0.0 0.16 29.13 29.77 5.0 30 6.2 35 340 28 340 02 
03 78 61 70 M 58 63 0 5 - 0 M 0.0 0.00 29.30 29.94 8.5 32 8.7 18 320 16 320 03 
04 81 56 69 M 60 64 0 4 - - BR 0 M 0.0 0.00 29.36 29.98 3.8 24 5.3 17 00 15 190 04 
05 83 65 74 M 67 69 0 9 - - SRARABR 0 M T 0.61 29.27 29.87 2.8 19 4.5 28 230 22 220 05 
06 81 65 73 M 62 66 0 8 - - BR 0 M 0.0 0.00 29.23 29.85 8.9 28 9.3 21 290 17 290 06 
07 75 59 67 M 58 61 0 2 - ~STSRARA 0 M 0.0 0.28 29.18 29.79 5.9 25 7.3 22 290 18 290 07 
08 73 58 66 M 57 60 0 1 - - RABR 0 M 0.0 0.16 29.16 29.80 12.0 31 12.6 26 300 23 300 08 
09 74 55 65 M 56 59 0 0 - SRARA 0 M 0.0 0.13 29.21 29.83 5.0 22 8.1 29 280 23 290 09 
10 66 53 60 M 54 56 5 0 - - SRARA BR 0 M 0.0 0.46 29.18 29.81 3.2 20 6.3 17 20 15 220 10 
11 73 52 63 M 57 59 2 0 - - RABR 0 M 0.0 0.24 29.25 29.88 5.4 34 6.8 18 310 16 310 11 
12 75 54 65 M 57 61 0 0 - - BR 0 M 0.0 0.01s 29.23 29.86 5.7 28 6.8 18 300 15 230 12 
13 76 57 67 M 58 61 0 2 - SRABR 0 M 0.0 0.16 29.18 29.80 1.8 30 4.5 18 340 16 340 13 
14 76 52 64 M 57 61 1 0 - ~BRVCTS 0 M 0.0 0.02 29.22 29.87 3.5 34 5.7 24 300 21 300 14 
15 75 53 64 M 55 59 1 0 - 0 M 0.0 0.05 29.38 30.02 4.6 29 6.6 23 00 20 300 15 
16 79 56 68 M 55 60 0 3 - - 0 M 0.0 0.00 29.39 30.00 8.3 26 9.1 21 80 17 250 16 
17 80 63 72 M 62 65 0 7 - - BR 0 M 0.0 0.00 29.31 29.93 11.0 22 11.3 26 220 22 220 17 
18 81 66 74 M 65 68 0 9 - SRA RA BR VCTS 0 M 0.0 0.14 29.26 29.87 13.9 22 15.3 37 220 29 220 18 
19 67 52 60" M 52 56 5 0 - 0 M 0.0 0.09 29.44 30.11 6.9 02 7.6 24 020 21 20 19 
20 74 48" 61 M 51 55 4 0 - 0 M 0.0 0.00 29.59 30.24 2.9 05 3.7 17 020 14 030 20 
21 84 50 67 M 56 60 0 2 -

~z 
0 M 0.0 0.00 29.58 30.22 2.1 07 3.1 13 40 10 040 21 

22 88" 59 74 M 63 67 0 9 - - 0 M 0.0 0.00 29.58 30.21 3.0 16 3.6 14 150 10 170 22 
23 83 65 74" M 61 66 0 9 - 0 M 0.0 0.00 29.51 30.12 8.7 19 9.0 21 210 18 210 23 
24 82 63 73 M 64 67 0 8 - STSRABR 0 M 0.0 0.13 29.31 29.93 6.3 21 9.0 21 190 16 350 24 
25 68 54 61 M 52 56 4 0 - 0 M 0.0 0.00 29.39 30.04 6.1 33 7.0 21 340 18 350 25 
26 74 50 62 M 46 54 3 0 - 0 M 0.0 0.00 29.49 30.13 6.0 06 6.8 20 040 16 050 26 
27 76 49 63 M 52 57 2 0 - - 0 M 0.0 0.00 29.44 30.06 6.3 07 6.7 14 040 13 030 27 
28 70 58 64 M 57 59 1 0 - - RA 0 M 0.0 0.10 29.34 29.97 6.9 13 7.8 26 170 23 170 28 
29 77 62 70 M 64 66 0 5 - RA DZ BR HZ 0 M 0.0 0.12 29.28 29.91 5.8 19 6.2 17 200 15 210 29 
30 79 62 71 M 58 63 0 6 - BRHZ M M M 0.00 29.41 30.05 4.4 30 6.7 14 310 12 350 30 
31 80 54 67 M 57 62 0 2 - BR 0 M 0.0 0.00 29.57 30.21 1.7 34 3.2 13 330 12 320 31 

77.0 57.3 67.2 57.9 61.6 0.9 3.3 <- -Month I Avera es Totals---> M M 2.88s 29.33 29.96 2.4 26 7.2 <Monthl Avera e 
M M M <-- - --De arture From Normal - ----> M 

Greatest 24-hr Precipitation: 0.61 Date: 05 
Sea Level Pressure Date T~~~) 

Degree Days Monthly Season to Date Greatest 24-hr Snowfall: M Date: M 

Greatest Snow Depth: M Date: M Maximum 30.29 20 1030 
Total Departure Total Departure 

Minimum 29.70 02 0419 
Heating: 28 M M M Max Temp >=90: 0 

Cooling: 103 M Max Temp <=32: 0 
Min Temp <=32: 0 Precipitation >=.01 inch: 17s 

Number of Days with-----
hunderstorms · 

Min Temp <=0 : 0 Precipitation >=.10 inch: 

10 Heavy Fog : 0 Snowfall >=1.0 inch oM 

EXTREME FOR THE MONTH- LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VER2 
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QUALITY CONTROLLED LOCAL 
. 

CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS, NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center 

Month: 09/2008 
Elevation(Ground): 585 ft. above sea level 

emperat~~) Degree Days 
Sun Snow/Ice~~ P~~cipitation Pressure(inches of Hg) ~ind: Speed-mph 

D Fahrenheit Base 65 Degi-ees Ground In In Dir=tens of de rees D 
a 

Dep Avg Significant Weather 1200 1800 2400 2400 
Avg. 

max max a 
1 Avg. Sunrise Sunset UTC UTC LST LST Avg. Resultan Res Avg. 5-second 2-minute t 
e Max. Min. Avg. From Dew pt. Wet Heating Cooling LST LST Water Snow Water Station Sea Speed Dir Speed 

Dir 
8 

Normal Bulb Depth Eauiv Fall Eauiv 
Level Speed Dir Speed 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 63 55 69 M 56 61 0 4 . BR M M M 0.00 29.59 30.21 2.2 06 3.6 15 360 13 010 01 
02 84 53 69 M 56 61 0 4 . BR 0 M 0.0 0.00 29.49 30.11 1.2 01 1.9 12 330 10 330 02 
03 85 56 71 M 60 64 0 6 . . RABR 0 M 0.0 0.12 29.34 29.95 3.0 23 4.6 21 320 14 210 03 
04 81 65 73 M 65 67 0 8 . . BR 0 M 0.0 0.01 29.33 29.93 2.6 05 5.7 15 090 13 090 04 
05 83 64 74 M 63 67 0 9 . . RABR 0 M 0.0 0.34 29.21 29.84 11.1 21 14.3 35 240 28 240 05 
06 68 52 60 M 58 59 5 0 . . RABR 0 M 0.0 0.09 29.28 29.92 4.8 34 5.4 15 340 13 340 06 
07 65 50 58 M 55 57 7 0 . . RABR 0 M 0.0 0.24 29.36 30.02 4.3 23 5.7 18 200 16 200 07 
08 73 55 64 M 56 60 1 0 . RABR 0 M 0.0 T 29.44 30.08 6.4 21 8.6 25 210 21 210 08 
09 67 51 59 M 52 56 6 0 RABR VCTS 0 M 0.0 0.32 29.36 30.02 6.2 31 7.7 30 330 25 330 09 
10 68 45 57 M 44 50 8 0 0 M 0.0 0.00 29.84 30.30 4.7 05 5.2 18 050 14 030 10 
11 74 44 59 M 50 54 6 0 0 M 0.0 0.00 29.62 30.23 2.4 10 4.2 13 170 10 180 11 
12 72 64 68 M 66 67 0 3 . SRARABR 0 M 0.0 0.67 29.34 29.95 8.3 21 9.1 20 230 16 20 12 
13 74 65 70 M 68 68 0 5 . . RA FG+ BR HZ 0 M 0.0 0.74 29.26 29.85 4.9 18 5.9 20 220 15 220 13 
14 86' 65 76' M 68 72 0 11 . . RABR 0 M 0.0 0.16 28.92 29.50 15.9 21 17.6 59 230 45 220 14 
15 67 55 61 M 53 56 4 0 . . RABR 0 M 0.0 0.06 29.23 29.92 10.0 30 11.6 40 260 31 260 15 
16 64 47 56 M 47 51 9 0 . . 0 M 0.0 0.00 29.53 30.18 3.0 26 4.6 18 320 14 320 16 
17 73 48 61 M 54 57 4 0 . . 0 M 0.0 0.00 29.50 30.14 7.6 22 9.7 28 220 22 220 17 
18 68 47 58 M 48 53 7 0 . . 0 M 0.0 0.00 29.66 30.32 5.7 04 6.7 20 060 14 010 18 
19 71 43 57 M 47 52 8 0 0 M 0.0 0.00 29.70 30.34 3.2 16 5.7 15 210 12 190 19 
20 74 58 66 M 56 60 0 1 BRHZ 0 M 0.0 0.00 29.55 30.18 9.7 20 9.8 21 200 16 220 20 
21 63 47 55 M 55 56 10 0 DZBR 0 M 0.0 0.01 29.63 30.29 4.2 03 5.6 17 020 15 020 21 
22 68 43 56 M 46 50 9 0 . . FGBR 0 M 0.0 0.00 29.80 30.46 5.9 06 6.4 22 050 15 020 22 
23 73 43' 58 M 45 51 7 0 . . 0 M 0.0 0.00 29.83 30.48 4.5 08 5.0 16 090 13 100 23 
24 77 46 62 M 51 56 3 0 . . 0 M 00 0.00 29.75 30.39 1.1 13 3.5 12 220 9 200 24 
25 78 49 84 M 54 57 1 0 . . BR 0 M 0.0 0.00 29.72 30.36 2.6 08 4.6 15 040 13 020 25 
26 71 45 58 M 51 55 7 0 . . RADZ 0 M 0.0 0.03 29.62 30.24 8.3 06 8.7 20 050 17 050 2€ 
27 73 60 67 M 61 62 0 2 BR 0 M 0.0 0.00 29.39 30.02 4.7 06 5.8 13 090 10 320 27 
28 68 59 64 M 59 61 1 0 DZ FG BR 0 M 0.0 0.03 29.38 30.02 8.5 36 8.8 16 350 14 360 25 
29 59 51 55' M 53 54 10 0 DZBR 0 M 0.0 0.01 29.42 30.05 4.5 04 5.1 14 020 13 360 22 
30 65 52 59 M 54 56 6 0 . . ~STSRARABR 0 M 0.0 0.15 29.14 29.75 3.4 21 8.5 28 180 23 290 3C 

72.5 52.6 62.6 55.0 58.3 4.0 1.8 <- --Month! Avera es Totals --> M 0.0 2.98s 29.47 30.11 0.7 21 7.0 <Monthly Average 

M M M < --- -De arture From Normal----------> M 

Greatest 24-hr Precipitation: 0.74 Date: 13 Sea Level Pressure Date {~~~) 
Degree Days Monthly Season to Date Greatest 24-hr Snowfall: M Date: M 

Greatest Snow Depth: M Date: M Maximum 30.53 23 1027 
Total Departure Total Departure Minimum 29.18 14 2001 

Heating: 119 M M M Max Temp >=90: 0 
Cooling: 53 M Max Temp <=32: Min Temp <=32: 0 Precipitation >=.01 inch: 15 

Number of Days with~··-·-> Os 
Min Temp <=0 :0 Precipitation >=.1 0 inch: 

!Thunderstorms : 3 
Heavy Fog : 1 Snowfall >=1.0 inch 'M 

Data Version 
EXTREME FOR THE MONTH. LAST OCCURRENCE IF MORE THAN ONE. 

VER:i 
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA 
(final) 
NOAA, National Climatic Data Center 

Month: 10/2008 

D 
a 

! I Max. I Min. I Avg. 

01 62 
02 57 
03 56 
04 57 
05 59 
06 57 
07 62 
08 64 
09 66 
10 66 
11 71 
12 76* 
13 75 
14 72 
15 67 
16 62 
17 52 
18 54 
19 56 
20 63 
21 51 
22 39 
23 52 
24 53 
25 58 
26 57 
27 47 
28 43 
29 39 
30 49 
31 61 

48 55 
45 51 
42 49 
37 47 
41 50 
36 47 
32 47 
41 53 
49 58 
40 53 
41 56 
44 60 
46 61* 
44 58 
38 53 
49 56 
34 43 
32 43 
29 43 
36 50 
35 43 
35 37 
36 44 
32 43 
46 52 
43 50 
38 43 
35 39 
35 37* 
26* 38 
45 53 

Dep 
From 

Normal 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Avg. 
Oewpt 

49 
43 
37 
41 
41 
39 
37 
50 
51 
43 
45 
47 
51 
50 
45 
46 
34 
31 
32 
41 
36 
31 
34 
36 
45 
41 
38 
31 
24 
29 
40 

Degree Days Monthly Season to Date 

Total Departure Total Departure 

Heating: 503 M M M 

Cooling: 0 M 

Av9 

Degree Days 
Base---

Wet I Heating I Cooling 
Bulb 

--51 
46 
43 
45 
47 
44 
42 
52 
55 
48 
50 
52 
55 
55 
49 
50 
40 
38 
37 
46 
40 
35 
39 
41 
48 
46 
41 
36 
32 
35 
47 

44.7 

8 
To 

14 
16 
18 
15 
18 
18 
12 
7 
12 
9 
5 
4 
7 
12 
9 

22 
22 
22 
15. 
22 
28 
21 
22 
13 
15 
22 
26 
28 
27 
12 

9 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1" t:.dREME FOR THE MONTH- LAST OCCURRENCE IF MORE THAN ONE. 

Sun 

Sunrise I Sunset 
LST LST 

Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

NIAGARA FALLS , NY 
Lat. 43.107 Lon. -78.945 

Elevation(Ground): 585ft. above sea level 

Significant Weather 

~RARABR 

IRA DZBR 

BR 
BR 
BR 
RA 
RABR 
RABR 

FG+ FZFG 
RABR 
RASN BR 
RASN BR 

RA 
RABR 

SRARA 
RABR 
RASN 

"G';;-~·~d(t;) In) 

1200 1800 2400 240~ 
UTC UTC LST LST 

0 th Wat.E Snow Wat~l 
ep Eauiv Fall Eaui\ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
M 
0 
0 
0 
0 
0 
0 
0 
0 
M 
0 
0 
0 
0 
0 

M 0.0 0.42 
M 0.0 0.27 
M 0.0 T 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.18 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.01 
M 0.0 0.25 
M 0.0 0.48 
M M 0.00 
M 0.0 0.00 
M 0.0 0.00 
M 0.0 0.10 
M T 0.41 
M T T 
M 0.0 0.00 
M 0.0 0.08 
M 0.0 0.42 
M M 0.13 
M 0.0 0.30 
M T 0.01 
M T 0.01 
M 0.0 0.00 
M 0.0 0.00 
M Ts 

M 

·~~n~~~-.~s of Ha~nd: 

Avg. 
Station 

29.03 
29.06 
29.25 
29.54 
29.65 
29.75 
29.72 
29.31 
29.27 
29.57 
29.78 
29.80 
29.70 
29.50 
29.46 
29.37 
29.59 
29.65 
29.74 
29.52 
29.40 
29.80 
29.94 
29.62 
29.22 
29.07 
29.25 
29.26 
29.20 
29.68 
29.65 

Avg. 
Sea 

Level 

29.67 
29.70 
29.95 
30.22 
30.31 
30.42 
30.35 
29.91 
29.94 
30.25 
30.44 
30.44 
30.32 
30.14 
30.08 
30.05 
30.25 
30.34 
30.40 
30.15 
30.09 
30.51 
30.59 
30.25 
29.84 
29.71 
29.93 
29.89 
29.91 
30.38 
30.29 

~~~,-~m~a~x-i~ 
;I Avg. 2-minute t 

e Speed 

19 20 21 22 23 24 25..j32j 
6.4 28 8.1 28 240 22 251 
11.9 27 12.3 35 290 26 291 
11.7 27 12.1 25 280 22 281 
3.2 28 3.7 17 280 12 311 
2.5 25 4.3 15 190 13 19{.) "~ 
5.8 02 6.5 18 020 16 010 OE 
4.9 07 5.5 16 090 14 100 O'i 
7.8 18 9.8 35 220 25 230 0€ 
14.5 23 15.0 36 230 29 230 Of 
3.3 22 4.4 14 220 10 210 1( 
3.2 06 3.6 12 050 9 020 1; 
2.0 19 2.5 12 230 9 230 1~ 
5.6 20 5.7 16 190 15 190 1~ 
7.0 25 10.6 28 210 23 220 1l 
3.8 19 4.4 16 200 14 200 1t 
10.5 32 11.7 25 340 21 340 1t 
6.4 01 6.6 18 360 15 360 1j 
3.8 05 4.2 21 020 18 020 11 
0.7 13 1.7 10 170 9 15C 
7.7 22 8.7 31 220 21 24{ 
15.8 31 17.5 36 3?~ 29 31( 
6.6 36 8.4 20 34:' 15 34{ 
6.3 09 7.4 20 110 16 11C 
8.4 15 9.2 31 180 24 18( 
10.1 22 12.3 32 230 26 23( 
14.9 22 16.6 52 260 46 27{ 
9.1 23 12.3 33 210 28 22( 
18.8 31 19.9 41 300 32 31( 
16.7 29 17.0 32 310 26 30( 
10.1 23 10.7 25 210 20 2201"' 
16.1 22 16.5 36 220 29 220 3' 
4.3 26 9.3 <Monthly Averaqe 

Greatest 24whr Precipitation: 0.73s Date: 15-16 I Sea Level Pressure Date J~~-D 
Greatest 24-hr Snowfall: M Date: M 

Greatest Snow Depth: M Date: M Maximum 30.68 23 0936 

Minimum 29.62 26 1527 

IMaxTemp >-so: oiMi,., T<>mr1 <='=l?· <:; 
.. - . ,-32:0 ~·· . >=.01 inch: 14 

l
l"'lt:L'I)JildliUII >=.1Q inch: 
Snowfall >=1.0 inch : M 

Data ---- Jll 
,,r"'.l"''l 
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS , NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation(Ground): 585ft. above sea level 
Month: 11/2008 

emperature Degree Days 
s"' Snow/I~(J~)n P~~cipitation Pressure(inches of Hg) 

[\0'"ind: Speed mph 
D Fahrenheit) Base 65 Deai-ees Ground In In Dir-tens of de rees D 
a 

Dep Significant Weather 
1200 1800 2400 2400 max max a 

t Avg. Avg 
Sunrise Sunset UTC UTC LST LST Avg. Avg. 

Resultan Res Avg. 5-second 2-minute t Max. Min. Avg. From Wet Heating Cooling Sea e Dewpt LST LST Ware Snow Water Station Speed Dir Speea Dir e Normal Bulb Depth 
Eauiv Fall Eauiv 

Level Speed Dir Speed 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 48 30 39 M 35 39 26 0 - - BR 0 M 0.0 0.00 29.67 30.36 5.5 03 5.8 21 040 18 040 01 
02 49 27 38 M 28 34 27 0 - 0 M 0.0 0.00 29.78 30.44 6.0 08 6.9 24 090 18 090 02 
03 62 43 53 M 45 49 12 0 - RABR 0 M 0.0 0.07 29.62 30.28 8.1 19 8.8 22 210 18 220 03 
04 69 44 57 M 46 51 8 0 - - BRHZ 0 M 0.0 0.01 29.59 30.23 6.4 19 6.7 18 220 16 220 04 
05 67 41 54 M 46 49 11 0 - - BRHZ 0 M 0.0 0.00 29.51 30.15 3.7 20 4.0 15 210 13 220 05 
06 65 36 51 M 44 47 14 0 - BRHZ 0 M 0.0 0.00 29.44 30.08 3.5 03 3.7 13 010 12 060 06 
07 w 42 57' M 48 51 8 0 - RA BR HZ 0 M 0.0 T 29.21 29.82 1.2 13 4.2 15 120 12 230 07 
08 59 40 50 M 39 43 15 0 - RABR 0 M 0.0 0.25 28.99 29.63 11.7 23 12.5 28 220 23 230 08 
09 46 35 41 M 34 38 24 0 - RASN 0 M T 0.13 29.05 29.74 11.3 24 12.3 24 260 21 ~~0 09 
10 41 33 37 M 25 32 28 0 - 0 M 0.0 0.00 29.33 30.04 16.7 25 17.0 35 ~40 26 50 10 
11 42 33 38 M 29 35 27 0 - - 0 M 0.0 0.00 29.62 30.32 9.6 27 9.7 23 270 21 270 11 
12 49 36 43 M 32 38 22 0 - - 0 M 0.0 0.00 29.63 30.28 3.9 09 4.8 14 100 10 090 12 
13 53 42 48 M 45 47 17 0 - RA DZ BR 0 M 0.0 0.12 29.26 29.88 10.0 18 11.5 33 230 23 220 13 
14 63 46 55 M 47 51 10 0 - 0 M 0.0 0.00 29.11 29.75 10.3 19 11.2 30 210 25 190 14 
15 53 35 44 M 45 46 21 0 - RA DZSN BR 0 M T 0.66 28.85 29.47 4.0 31 8.0 32 280 25 280 15 
16 38 32 35 M 30 33 30 0 - RASN BR 0 M T 0.13 29.00 29.71 17.0 26 17.2 37 260 30 260 16 
17 38 26 32 M 23 29 33 0 - - ~~ BR T M 0.2 0.04 29.33 30.03 10.2 28 11.6 23 290 18 290 17 
18 32 24 28 M 18 25 37 0 - - ~~ BR 

T M 0.4 0.04 29.57 30.28 7.7 34 8.6 22 350 18 010 18 
19 31 17 24 M 21 25 41 0 - T M 2.3 0.11 29.51 30.16 1.9 19 5.0 13 210 12 210 19 
20 33 25 29 M 24 28 36 0 - SNBR 5 M 3.2 0.12 29.23 29.93 2.8 35 7.3 16 010 14 010 20 
21 27 19 23 M 15 21 42 0 SN 3 M 0.5 0.02 29.49 30.23 7.8 32 9.7 24 290 21 300 21 
22 27 17. 22• M 16 21 43 0 - ~N BR 2 M 1.2 0.04 29.75 30.46 4.8 27 5.0 15 30 13 80 22 
23 34 18 26 M 19 25 39 0 - - BR 2 M T T 29.68 30.36 4.7 23 5.3 21 210 17 220 23 
24 40 28 34 M 26 32 31 0 - - RADZSN BR T M T 0.15 29.31 29.93 9.3 15 9.9 23 170 18 170 24 
25 40 33 37 M 32 35 28 0 - RASN BR 0 M T 0.14 29.02 29.69 7.8 21 8.7 25 220 22 230 25 
26 35 33 34 M 30 33 31 0 - RASN BR T M 1.4 0.12 29.13 29.83 16.2 25 16.4 33 260 26 50 26 
27 37 33 35 M 27 32 30 0 - - T M 0.0 0.00 29.24 29.89 10.0 24 11.0 23 250 17 250 27 
28 43 33 38 M 30 34 27 0 - RASN BR HZ 0 M T 0.04 29.07 29.75 15.1 25 15.7 31 250 26 250 28 
29 42 26 34 M 26 31 31 0 - - 0 M 0.0 0.00 29.23 29.91 7.2 24 8.4 21 240 17 250 29 
30 34 24 29 M 27 29 36 0 - - RASN BRUP 0 M T 0.20 29.00 29.60 10.3 08 10.5 24 090 18 090 30 

45.6 31.7 38.7 31.7 36.1 26.2 0.0 <--··Month\ Avera es Totals-- > M 9.4 2.39s 29.34 30.01 4.4 24 9.2 Month\ Avera e 

M M M <- -- --De arture From Normal--- --> M 

Greatest 24-hr Precipitation: 0.66 Date: 15 
Sea Level Pressure Date ~~~) 

Degree Days Monthly Season to Date Greatest 24-hr Snowfall: 0.3 Date: 20 

Greatest Snow Depth: Ss Date: 20 Maximum 30.54 02 1032 
Total Departure Total Departure Minimum 29.26 30 2359 

Heating: 785 M M M Max Temp> 90: 0 
Cooling: 0 M Max Temp <=32: 4 

Min Temp <=32: 13 Precipitation >=.01 inch: 17s 
Number of Days with------ Min Temp <=0 : 0 Precipitation >=.10 inch: 

hunderstorms 
Heavy Fog :0 Snowfall >=1.0 inch oM 0 

EXTREME FOR THE MONTH -LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VER2 
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QUALITY CONTROLLED LOCAL 
CLIMATOLOGICAL DATA Station Location: NIAGARA FALLS INTL AIRPORT (04724) 

(final) 
NIAGARA FALLS, NY 

Lat. 43.107 Lon. -78.945 
NOAA, National Climatic Data Center Elevation(Ground): 585ft. above sea level 
Month: 12/2008 

emperat~~f Degree Days 
S"n Snow/l~~~~)n P~)cipitation Pressure(inches of Hg) ~ind: Speed mph 

D Fahrenheit Base 65 Deqrees Ground In In Dir=tens of de rees D 
a 

Dep Avg Significant Weather 1200 1800 2400 2400 
Avg. max max a 

t 
Max. Min. Avg. From Avg. Wet Heating Cooling Sunrise Sunset UTC UTC LST LST Avg. 

Sea 
Resultan Res Avg. s~second 2-minute t 

e Dew pt. LST LST Water Snow Water Station Speed Dir Speed Dir e Normal Bulb Dept Equiv Fall Equiv 
Level Speed Dir Speed 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
01 42 32 37 M 32 36 28 0 - - RASN BR 0 M T 0.21 28.67 29.36 17.4 21 19.1 45 230 33 220 01 
02 34 31 33 M 23 29 32 0 - - SN BR UP 0 M 0.1 0.01 29.26 29.99 16.9 24 17.7 32 260 26 250 02 
03 45 30 38 M 26 33 27 0 - - RA T M 0.0 T 29.36 30.02 16.5 20 16.6 32 210 25 200 03 
04 46 25 36 M 26 31 29 0 - - RADZ BR 0 M T 0.04 29.34 30.06 16.0 25 16.7 33 280 29 280 04 
05 28 19 24 M 13 20 41 0 - - SN BR 0 M 1.7 0.03 29.55 30.23 10.4 25 11.5 26 270 22 270 05 
06 31 22 27 M 19 24 38 0 - SN FZFG BR 2 M 1.2 0.04 29.26 29.88 15.3 19 15.7 29 220 23 200 06 
07 30 10 20 M 10 16 45 0 - UP BLSN 2 M 1.0 0.03 29.25 30.00 17.7 28 18.9 39 300 33 290 07 
08 27 13 20 M 11 18 45 0 - SN BRUP 2 M 0.1s T 29.60 30.30 5.4 13 7.9 15 170 13 160 08 
09 47 26 37 M 34 36 28 0 - RAFZRASN BR 1 M 0.5 0.60 29.30 29.94 7.9 18 9.7 29 220 22 220 09 
10 47 23 35 M 26 29 30 0 RA SN BR M M M 0.44 29.36 30.07 9.0 33 9.6 22 330 17 330 10 
11 30 22 26 M 22 25 39 0 - 1 M 0.0 0.00 29.39 30.04 2.3 04 3.0 12 010 9 340 11 
12 31 13 22 M 21 25 43 0 - FZRASN BR 1 M 0.8 0.02 29.20 29.92 10.2 30 11.1 22 330 18 330 12 
13 33 10 22 M 15 22 43 0 - 1 M T T 29.57 30.27 10.0 20 11.0 29 200 24 210 13 
14 47 33 40 M 28 35 25 0 - - RABR 1 M 0.0 0.05 29.47 30.11 14.9 19 15.3 38 210 31 220 14 
15 54 23 39 M 33 38 26 0 - - RABR 0 M 0.0 0.22 29.38 30.09 19.5 22 21.6 46 230 38 220 15 
16 25 18 22 M 12 19 43 0 - - SN BR 0 M 1.6 0.08 29.84 30.52 2.2 30 8.3 23 270 20 280 16 
17 32 24 28 M 24 27 37 0 - - SN FZFG BR UP 5 M 4.2 0.26 29.41 30.11 7.3 24 12.5 25 260 21 270 17 
18 29 21 25 M 19 24 40 0 - HZ 4 M 0.0 0.00 29.64 30.34 8.2 28 8.5 24 270 21 270 18 
19 26 15 21 M 17 20 44 0 - @0 FG+ FZFG BR BLSN 3 M 8.5 0.51 29.41 30.07 13.8 05 15.3 40 030 33 060 19 
20 17 6• 12. M 8 12 53 0 SN BR 12 M 2.1 0.06 29.49 30.17 7.1 06 8.1 23 090 18 090 20 
21 30 9 20 M 13 17 45 0 - SN BR BLSN 13 M 5.0 0.17 28.98 29.65 16.7 24 23.3 46 240 37 230 21 
22 19 10 15 M 8 13 50 0 - SN BR HZ BLSN 14 M 0.6 0.01 29.36 30.15 18.7 25 19.3 43 240 36 230 22 
23 34 16 25 M 13 19 40 0 - SN BR 11 M 1.2 0.04 29.76 30.42 10.1 20 12.6 28 170 22 200 23 
24 48 32 40 M 36 38 25 D - - RA DZ SN BR UP 11 M 0.8 0.41 29.20 29.85 16.7 21 18.1 45 220 37 240 24 
25 36 26 31 M 22 27 34 0 - - SN UP 4 M 0.2 0.03 29.59 30.34 13.9 25 14.3 41 240 35 230 25 
26 41 25 33 M 23 29 32 0 - - RA DZ BR 3 M 0.0 T 29.69 30.34 5.7 14 6.9 18 190 16 190 26 
27 60 41 51' M 48 50 14 0 - - RADZ FG BR 1 M 0.0 0.95 29.34 29.96 13.0 19 13.1 32 190 24 190 27 
28 52• 34 48 M 34 39 17 0 - RA T M 0.0 0.02 29.13 29.83 22.7 23 24.0 66 230 51 30 28 
29 43 30 37 M 25 32 28 0 - RASN UP 0 M T T 29.26 29.91 15.2 23 17.4 45 280 38 260 29 
30 35 25 30 M 18 25 35 0 SN BR 0 M 0.4 0.02 29.28 29.95 13.0 26 15.2 52 290 41 290 30 
31 26 10 18 M 11 17 47 0 - SN BR BLSN 5 M 5.7 0.10 29.26 30.01 14.8 34 18.4 33 300 28 310 31 

36.6 21.7 29.2 21.6 26.6 35.6 0.0 <-- Month! Avera es Totals- -> M 36.6 4.35s 29.38 30.06 8.3 23 14.2 <Month! Avera e 

M M M <--------Departure From Normal-- - - > M 

Greatest 24-hr Precipitation: 0.95 Date: 27 Time 

Degree Days Monthly Season to Date Greatest24-hrSnowfall: 0.9 Date: 19 
Sea Level Pressure Date (LST) 

Greatest Snow Depth: 14s Date: 22 Maximum 30.66 16 1013 
Total Departure Total Departure Minimum 29.19 01 0455 

Heating: 1103 M M M Max Temp> 90: 0 
Cooling: 0 M Max Temp <=32: 

Min Temp <=32: 28 Precipitation >=.01 inch: 24 
Number of Days with-----> 14 

Min Temp <=0 : 0 Precipitation >=.10 inch: 

IThunderstorms : 0 Heavy Fog : 1 Snowfall >=1.0 inch :M 

EXTREME FOR THE MONTH- LAST OCCURRENCE IF MORE THAN ONE. 
Data Version: 

VER2 
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