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Components of theComponents of the
Remedial Investigation ReportRemedial Investigation Report

Remedial Investigation (RI)Remedial Investigation (RI)

Baseline Risk Assessment Baseline Risk Assessment 
(BRA)(BRA)

Groundwater Flow & Contaminant            Groundwater Flow & Contaminant             
Transport ModelingTransport Modeling

First major technical product of an intensive 8-year investigation.

REMEDIAL INVESTIGATION
Documents the results of 3 phases of field sampling and laboratory analysis.
Determined the nature and extent of radioactive and chemical contamination resulting from historic 
government site operations.
Used non-intrusion methods to describe the contents of the IWCS and to evaluate the physical 
integrity of the containment system.  IWCS contents were described using detailed historical 
information.  The integrity of the IWCS cap and sidewalls were examined using a geophysical survey. 
No intrusive sampling of the IWCS was conducted during the RI to maintain the integrity of the 
protective IWCS cap and because sufficient historical data concerning the IWCS exists for Feasibility 
Study planning purposes. 

BASELINE RISK ASSESSMENT
The BRA evaluates current and potential future risks to human and environmental receptors on the 
NFSS property.
Quantifies potential risk to human health from both chemical and radiological constituents

GROUNDWATER FLOW & CONTAMINANT TRANSPORT MODELING
Evaluates the fate and transport of  contaminants through the Upper Water Bearing Zone (UWBZ), 
the Lower Water Bearing Zone (LWBZ) and the clay layer that separates them
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RemedialRemedial Investigation ActivitiesInvestigation Activities

Historical Document Review
Environmental Sampling
Sitewide Gamma Walkover Survey
Background Analysis 
Geophysical Survey
Ongoing Environmental 
Surveillance Activities

HISTORICAL DOCUMENT REVIEW
Historical review was used to organize the existing information and identify data gaps; subsequent 
investigations were planned to fill data gaps.

ENVIRONMENTAL SAMPLING
The RI included three phases of intensive sampling and analyses starting with site-wide comprehensive 
sampling and narrowing to answer more specific questions.

SITEWIDE GAMMA WALKOVER SURVEY
Performed to identify the presence of gamma-emitting radionuclides in surficial soil (i.e. soil up to 6 inches in 
depth).

BACKGROUND ANALYSIS
Background analysis was performed to establish a baseline representing non-impacted areas on adjacent 
properties.  The background survey included environmental sampling of soil, surface water and sediment as 
well as a background gamma walkover survey of the Lewiston-Porter school campus.

GEOPHYSICAL SURVEY
The geophysical survey used a variety of scientific techniques to identify potential underground features, such 
as pipelines or buried utilities, that could allow contaminant migration; also used to assess the integrity of the 
cap and sidewalls of the Interim Waste Containment Structure (IWCS).

ONGOING ENVIRONMENTAL SURVEILLANCE ACTIVITIES
Environmental surveillance is currently ongoing and includes sampling of air to measure the release of radon 
gas and gamma radiation from the site (i.e. the ESP addresses more than just the IWCS with its air 
sampling). Also includes sampling of groundwater, soil, surface water and sediment.
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Investigative ApproachInvestigative Approach

Exposure Units
Field Screening
Targeted Media
Surface and subsurface soil
Groundwater
Sediment/Surface water
Pipeline contents
Railroad Ballast
Road/Building Cores

Floor drains

EXPOSURE UNITS (EUs)
The NFSS property includes 191 acres, so the site was subdivided into exposure units.

Exposure Units are areas over which a receptor is likely to average his or her exposure.  They were 
defined in coordination with the New York State Department of Environmental Conservation 
(NYSDEC) based on available data and site history. Additional EUs not labeled on this figure include 
site-wide surface water and sediments (EU15), pipelines and buried utilities (EU16) and site-wide 
groundwater (EU17).  Note that the National Grid property (EU9) was assessed the same way as the 
other EUs. 

FIELD SCREENING
Field screening was used to select specific sample locations and to focus sampling on areas where 
chemicals or radionuclides are most likely to be present. For example, the gamma walkover survey 
was used to select sample locations with the highest gamma readings.

TARGETED MEDIA
Numerous environmental media were evaluated including:
•Surface and subsurface soil
•Groundwater
•Sediment/Surface water
•Pipeline contents
•Railroad ballast
•Road/Building cores
•Floor drains
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Baseline Risk AssessmentBaseline Risk Assessment

Risk Assessment used data collected Risk Assessment used data collected 
during the Remedial Investigation.during the Remedial Investigation.
Two components:Two components:

oo ScreeningScreening--Level Ecological Risk Level Ecological Risk 
AssessmentAssessment

oo Human Health Risk AssessmentHuman Health Risk Assessment
Quantified chemical and radiological risk Quantified chemical and radiological risk 
separately.separately.

BASELINE RISK ASSESSMENT
•The Baseline Risk Assessment (BRA) used data collected during the Remedial 
Investigation (RI) to assess potential exposures to current and hypothetical future
on-site receptors as well as to ecological receptors.
•The BRA helps determine the need for further investigation or site cleanup.  

SCREENING-LEVEL ECOLOGICAL RISK ASSESSMENT (SERA) 
Defines the likelihood of harmful effects on plants and animals as the result of 
exposure to chemical and radiological constituents present at the site.

HUMAN HEALTH RISK ASSESSMENT
Conservatively evaluated potential risk using “reasonable maximum  exposure”
assumptions for on-site human receptors.

Because the model used to evaluate potential risk due to radionuclides is different 
than the one used to assess chemicals, risks due to chemicals and radionuclides 
were evaluated separately.
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Screening Level Ecological Screening Level Ecological 
AssessmentAssessment

Radiological - No unacceptable radiological dose.

Chemical - Several chemicals failed very conservative
screening steps (e.g. metals in surface water).

Field observations - show relatively healthy and functioning 
terrestrial and aquatic ecosystems.

RECOMMENDATION

No further action is recommended for the relatively 
productive and recovering ecosystems.

SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT (SERA)
•For the SERA indicator species were selected to represent land-based, or terrestrial communities, 
and water-based, or aquatic communities.  
•Indicator species were also selected to represent all levels of the food chain so they ranged from 
earthworms to red fox and from mayflies to the Great Blue Heron.
•The SERA process starts out using very conservative assumptions for exposure and only advances 
to higher levels of data collection and evaluation when results indicate unacceptable risk.

CONCLUSIONS FOR NFSS
•Radiological - No unacceptable radiological dose to ecological receptors is present at NFSS
•Chemical - Several chemicals failed very conservative screening steps (e.g. metals in surface 
water).
•Field observations  - Although much of the available habitat at the property has been disturbed, the 
ecosystems present are relatively healthy and functioning.  Impacts to ecological receptors are 
believed to be more due to habitat loss than to toxic exposures.

RECOMMENDATION
The recommendation is for “No Further Action” for the relatively productive and recovering 
ecosystems at NFSS.

•No threatened or endangered species are present.
•Wetlands are present, but are of low function and value.



7

SS--77

Human Health Risk AssessmentHuman Health Risk Assessment

RISK 
CHARACTERIZATION

How much risk?

TOXICITY
ASSESSMENT
How harmful

is it?

EXPOSURE 
ASSESSMENT

Who may be exposed? 

How often?

How long? 

How much?

DATA
EVALUATION

Does
contamination

exist?

The human health risk assessment has four major components:

DATA EVALUATION 
•Asks the question – Does contamination exist? And, if yes, what is the nature of 
this contamination.  

EXPOSURE ASSESSMENT 
•Asks the questions – Who may be exposed? How often? How long? How much?
•Exposure assessment is used to calculate chemical/radiological intake.

TOXICITY ASSESSMENT 
•Asks the question – How harmful is it?
•Gathers toxicity information for the substances being evaluated.

RISK CHARACTERIZATION 
•Asks the question – What is the likelihood that a receptor might experience an 
adverse health effect due to on-site exposures?
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Human Health Risk AssessmentHuman Health Risk Assessment
Data EvaluationData Evaluation

DATA EVALUATION – DOES CONTAMINATION EXIST?
•Identifies chemical and radiological constituents that may potentially present 
unacceptable risk to current or future on-site property users. 
•The data set for the NFSS is large including approximately 1400 samples with over 
150,000 analytical results

200 groundwater samples, 
100 surface water samples, 
100 sediment samples, and 
1,000 samples of soil collected from the surface and at depth.

•During data evaluation the analytical results were compared to background levels 
and conservative screening values.  
•Chemicals and radionuclides that come through the screening are identified as 
Chemicals of Potential Concern or Radionuclides of Potential Concern and were 
further assessed by baseline risk assessment.
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Human Health Risk AssessmentHuman Health Risk Assessment
Exposure AssessmentExposure Assessment

Identify current and potential future onIdentify current and potential future on--site receptorssite receptors
oo Current Current -- trespassers & maintenance workertrespassers & maintenance worker
o Future - trespassers, maintenance worker, 

construction worker, industrial worker, resident 
& subsistence farmer

Identify potential exposure pathways
Calculate chemical/radiological intake

EXPOSURE ASSESSMENT – WHO MAY BE EXPOSED?
Identifies current and potential future on-site receptors

•Current -Trespassers (adult & adolescent), maintenance worker
•Future - Trespassers (adult & adolescent), maintenance worker, construction 
worker, industrial worker, resident (adult & child) and subsistence farmer (adult & 
child).

IDENTIFY POTENTIAL EXPOSURE PATHWAYS
Exposure pathways evaluated included ingestion, inhalation, and dermal exposure 
to various site media.  So as to not underestimate risk, the assumptions used to 
quantify potential exposures were very conservative.  For example it was assumed 
that a resident farm child would ingest 200 mg (0.007 ounces) of soil, 20 mg 
(0.0007 ounces) of sediment,  and 500 ml (17 ounces) of groundwater from the site 
350 days per year for 6 years.  Dermal and inhalation exposures were added to this 
along with exposures from food (fruits, vegetables, milk, beef and chicken all raised 
at the site).   

CALCULATE INTAKE
Contributions from multiple routes of exposure to various environmental media were 
summed to calculate intake. An everyday example of this would be recommended 
daily intakes issued buy the Food and Drug Administration for vitamins/minerals/fat/ 
calories, etc.
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Illustration of Exposure PathwaysIllustration of Exposure Pathways

Exposure pathways consist of four elements.  If any one of these four elements is 
missing the exposure pathway is incomplete.

Source or mechanism of release – Historic government operations at the site 
resulting in releases to soil.

Transport media – Contaminants in soil have been moved through wind erosion or 
leaching.  

Exposure point – Is the location where populations may come in contact with site
contaminants

Exposure route – Is the actual mechanism for exposure.  For example, direct 
ingestion, inhalation, dermal contact or, for radionuclides, external exposure which 
doesn’t require physical contact with the radionuclide.
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Human Health Risk Assessment Human Health Risk Assessment 
Toxicity AssessmentToxicity Assessment

Exposure ≠ Risk

One of the founding laws of the field of 
toxicology is that the dose, not 
exposure, determines harm. 

(Paracelsus 1493-1541)

HUMAN HEALTH RISK ASSESSMENT
A very long time ago the Greek philosopher, Paracelsus, developed one of the 
founding laws of toxicology, that dose, not exposure, determines harm, in other 
words exposure does not equal risk.   For example one cup of coffee or an alcoholic 
drink is OK, but 10 cups coffee or alcohol drinks can make you sick, or worse.

The toxicity assessment used Environmental Protection Agency-approved toxicity 
criteria to calculate the likelihood that a receptor might experience some adverse 
health effect or “risk” from the intake estimated during the exposure assessment.  

All radionuclides and some chemicals of potential concern were evaluated as 
carcinogens. Some constituents were evaluated both for their potential to cause 
cancer and for their potential to cause other non-cancer effects.  For example 
several isotopes of uranium were evaluated for their ability to induce cancer while 
uranium salts were assessed for there ability to cause kidney toxicity.  
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Human Health Risk Assessment Human Health Risk Assessment 
Risk CharacterizationRisk Characterization

Risk = Exposure x ToxicityRisk = Exposure x Toxicity

Estimates the likelihood that a receptor Estimates the likelihood that a receptor 
may experience an adverse health effect may experience an adverse health effect 
as the result of exposure to contaminants.as the result of exposure to contaminants.

Risks were evaluated for multiple Risks were evaluated for multiple 
receptors on an Exposure Unit basis.receptors on an Exposure Unit basis.

RISK CHARACTERIZATION
•Integrates the findings of the exposure assessment with the toxicity assessment to 
quantify potential risk levels.
•Estimates the likelihood that a receptor may experience an adverse health effect.
•Risk estimates are compared to regulatory limits to determine whether action is 
warranted. 
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Key FindingsKey Findings
Interim Waste Containment StructureInterim Waste Containment Structure

Geophysical survey confirmed no significant 
deterioration of the IWCS.

Environmental surveillance for radon and external 
gamma radiation shows that exposures from the 
site are well below federal standards.

The IWCS is not a permanent storage facility.

Feasibility Study will evaluate 
alternatives for developing a 
permanent solution for the 
waste in the IWCS. 

Geophysical survey confirmed no significant deterioration of the IWCS (no voids or 
areas of increased water saturation within the IWCS, no significant fractures, faults, 
or seismic pressure points near the IWCS).

Environmental surveillance for radon and external gamma radiation shows that 
exposures from the site are well below federal standards.  

It is understood that the IWCS is not a permanent storage facility.

Feasibility Study will evaluate alternatives for developing a permanent solution for 
the waste in the IWCS.
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Key Findings Key Findings -- Soils Soils 

Risk to 
Farmer, Resident or Maintenance Worker

Approximately 1,000 surface soil and subsurface soil samples collected and compared to 
background values from offsite samples. Surface soil includes soil up to 6 inches in depth. 
Subsurface soil is greater than 6 inches in depth.  

Radionuclides exceeded background values for both surface and subsurface soils. The location of 
elevated levels of radiological contamination correlates with what we know about the site’s history.

Surface soil - radium, thorium, uranium and cesium exceeded the background values at the greatest 
frequency
Subsurface soil- thorium, uranium, and radium exceeded the background values at the greatest 
frequency

Chemicals were found in surface and subsurface soils
•Chlorinated solvents (benzene, toluene, methylene chloride, carbon disulfide, 2-butanone) were 
commonly found near buildings and in areas associated with Lake Ontario Ordnance Works (LOOW) 
activities.
•Polychlorinated biphenyls (PCBs), polynuclear aromatic hydrocarbons (PAHs), and metals were 
found in localized areas of site

NOTE: Dots in the IWCS area (EU10) are for maintenance worker exposure because this was only 
receptor evaluated for this area. It was assumed that residential or farming exposure on the IWCS 
would lead to unacceptable risk.  

NOTE: EU9 (National Grid property) has ROCs for the resident and farmer, but not 
the maintenance worker.
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Key Findings Key Findings -- Sediment, Surface Sediment, Surface 
Water & Pipeline ContentsWater & Pipeline Contents

Risk to 
Farmer, Resident or Maintenance Worker

Sediment and surface water is present in limited areas of the site, and in most cases, during only part 
of the year.   

Some radionuclides exceed background concentrations in ditches, but none were identified as 
radionuclides of concern so no green dots are included on the map.
Lead was retained as a constituent of concern for surface water because the concentration of lead in 
surface water exceeded the drinking water action level.  For this to actually present risk someone 
would have to utilize ditch water for their potable water use. 

Subsurface pipelines and underground utilities are present throughout the NFSS property.  Most of 
them were constructed in 1940's as part of TNT manufacturing plant and are no longer in use. 

Pipelines, including floor drains and subsurface utilities, were investigated during the Remedial 
Investigation and were sealed at the property boundaries. 

Pipeline contamination was found to be localized and generally included radionuclides, metals, 
PAHs, VOCs, pesticides, and PCBs.  

One PCB was identified as a constituent of concern in pipeline contents.  Lead was also retained as 
a constituent of concern because the concentration of lead in pipeline water exceeded the drinking 
water action level.

Environmental surveillance is ongoing and shows no chemical or radiological contamination 
migrating off-site via surface water.
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Key Findings Key Findings -- GroundwaterGroundwater

NFSS has two water bearing zones.
Groundwater contamination is localized.
Upper Water Bearing Zone

o uranium
o manganese
o boron
o chlorinated solvents
o bis(2-ethylhexyl)phthalate

Lower Water Bearing Zone
o No definable plume
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NFSS has two water bearing zones divided by an approximately 20-foot thick clay 
layer. Most groundwater was encountered in discontinuous sand lenses.

Groundwater contamination is localized and generally occurs where soil 
contamination exists suggesting that the soil is acting as a source for groundwater 
contamination. Removal of the contaminated soil would reduce groundwater 
contaminant levels. 
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Key Findings Key Findings -- GroundwaterGroundwater

Groundwater plumes in the Upper Water Bearing Zone (UWBZ) are indicated on 
this map. In the Lower Water Bearing Zone (LWBZ) some results were slightly 
above background levels but no definable plumes were found. To define a plume 
we need to have a group of elevated results within close proximity of each other. 

For the UWBZ the following plumes were identified for:
•uranium
•manganese
•boron
•Chlorinated solvents (PCE-TCE-DCE-VC)

The plume in the northwest corner of the site (EU1) is currently being monitored.
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RIR ConclusionsRIR Conclusions

No immediate offsite risk to nearby No immediate offsite risk to nearby 
communities.communities.
No offsite contaminant migration is No offsite contaminant migration is 
occurring via surface water, sediments.occurring via surface water, sediments.
Groundwater plumes occur in discontinuous Groundwater plumes occur in discontinuous 
sand lenses and are limited in extent.sand lenses and are limited in extent.
The Feasibility Study will examine a variety The Feasibility Study will examine a variety 
of options to address longof options to address long--term risks term risks 
presented by site contamination. presented by site contamination. 
Environmental surveillance and maintenance Environmental surveillance and maintenance 
activities will continue.activities will continue.

The remedial investigation was extensive and shows no immediate risk to nearby 
communities.

Environmental surveillance shows no offsite contaminant migration via surface 
water or sediments.

Groundwater plumes occur in discontinuous sand lenses and are limited in extent. 
The uranium plume identified near the northwest boundary in EU1 is being 
monitored.

The Feasibility Study will examine a variety of options to address long-term risks 
presented by site contamination.

Environmental surveillance and maintenance activities will continue. 


