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QUANTITATIVE RISK ASSESSMENT OF THE NEW YORK STATE OPERATED 

WEST VALLEY RADIOACTIVE WASTE DISPOSAL AREA 
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It is the purpose of this paper to summarize how quantitative risk assessment (QRA) was 
applied to a specific radioactive waste disposal facility operated by the New York State Energy 
Research and Development Authority (NYSERDA).

 
 
ABSTRACT 
 
This paper is based on a quantitative risk assessment (QRA) that was performed on a radioactive 
waste disposal area within the Western New York Nuclear Service Center in western New York 
State.  The QRA results were instrumental in the decision by the New York State Energy 
Research and Development Authority to support a strategy of in-place management of the 
disposal area for another decade.  The QRA methodology adopted for this first of a kind 
application was a scenario based approach in the framework of the triplet definition of risk 
(scenarios, likelihoods, consequences).  The measure of risk is the frequency of occurrence of 
different levels of radiation dose to humans at prescribed locations.  The risk from each scenario 
is determined by (1) the frequency of disruptive events or natural processes that cause a release 
of radioactive materials from the disposal area, (2) the physical form, quantity, and radionuclide 
content of the material that is released during each scenario, (3) distribution, dilution, and 
deposition of the released materials throughout the environment surrounding the disposal area, 
and (4) public exposure to the distributed material and the accumulated radiation dose from that 
exposure.  The risks of the individual scenarios are assembled into a representation of the risk 
from the disposal area.  In addition to quantifying the total risk to the public, the analysis ranks 
the importance of each contributing scenario, which facilitates taking corrective actions and 
implementing effective risk management.  Perhaps most importantly, quantification of the 
uncertainties is an intrinsic part of the risk results.  This approach to safety analysis has 
demonstrated many advantages of applying QRA principles to assessing the risk of facilities 
involving hazardous materials.   
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1. INTRODUCTION 
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  QRA has been practiced for several 
decades for nuclear power plants under the name of probabilistic risk assessment (PRA).  For our 
purposes QRA, PRA, and PSA (the preferred international acronym) are all considered to have 
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the same meaning—PSA meaning probabilistic safety assessment.  The specific question to be 
answered is what is the risk of operating the State licensed radioactive waste Disposal Area 
(SDA) for the next 30 years with its current physical and administrative controls. 

 
This paper highlights a first of a kind risk assessment of a shallow-land disposal radioactive 

waste facility; first of a kind in the sense of a full scope application of the general principles of 
PRA based on scenarios, likelihoods, and consequences, according to the triplet definition of 
risk.(2)  To the authors’ knowledge, it is also the first time a full scope PRA, or a QRA as referred 
to here, served as the primary basis for a State decision on the future management strategy for a 
near-surface radioactive waste disposal facility.  Unlike for the case of nuclear power plant PRAs 
or the Waste Isolation Pilot Plant and proposed Yucca Mountain probabilistic performance 
assessments, probabilistic approaches have played a minor role in the safety performance 
assessment of either 10 CFR Part 61(3) low level radioactive waste (LLW) facilities or pre-Part 
61 near-surface radioactive waste disposal facilities.  The US Nuclear Regulatory Commission 
(USNRC) guidance on LLW performance assessments allows for either deterministic or 
probabilistic models, but the performance assessments actually performed have generally been 
void of in-depth probabilistic modeling.   
 

Some deterministic performance assessments have included limited analysis of uncertainty 
and parameter sensitivity, but not of the scale of a full scope QRA; and there have been some 
isolated efforts of probabilistic modeling for LLW facilities.  The isolated applications have been 
almost entirely theoretical or in an abstract form, rather than as a basis for decision making or 
licensing.  One exception is a probabilistic performance assessment of a LLW site at the US 
Department of Energy’s Nevada Test Site.(4)  This assessment followed a deterministic 
performance assessment and is for the purpose of aiding the management of the site.  It is not an 
evolution of a general theory, but a model specific to geological repositories.  Meanwhile, the 
USNRC staff and their contractors have developed guidance for conducting performance 
assessments of 10 CFR Part 61 LLW facilities or pre-Part 61 near-surface disposal facilities.(5)

This paper attempts to not only demonstrate the added insights obtained from QRA with 
respect to the safety of a pre-Part 61 near-surface disposal facility,

  
The guidance is limited with respect to probabilistic methods, although it does encourage 
increased use of such methods.  But as noted above, the States have not previously seized the 
initiative to use a full scope QRA as a basis for decision-making or regulatory action. 
 

4

                                                 
4 The SDA is classified as a pre-Part 61 near-surface radioactive waste disposal facility since it was “permitted” 
prior to the enactment of 10 CFR Part 61 that covers the licensing requirements for land disposal of radioactive 
waste.  It is important to note that the SDA is not a radioactive waste disposal site for either the high-level 
radioactive waste from the separations process nor spent nuclear fuel. 

 but is added evidence that a 
general theory of QRA is emerging that is applicable to any kind of risk.  Added insights include 
a calculation of what the radiation risk to the public really is, a quantification of the uncertainties 
involved in the calculations, the factors contributing to the risk, and a ranking of their 
importance.  The general theory emerging is a direct descendent of the models used to quantify 
the risk of individual nuclear power plants.  That is, the risk triplet and scenario based approach 
has its roots in the risk assessment of nuclear power plants, but has now been successfully 
applied to a multiplicity of both engineered and natural systems.  These include chemical and 
petroleum facilities, space flight systems, weapon systems, disease infestation, environmental 
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impacts, transportation systems, and natural phenomena such as severe storms, earthquakes, and 
geological repositories for the disposal of contaminants.  This paper expands this list of 
successful applications of QRA to a pre-Part 61 near-surface radioactive waste disposal facility 
in southwestern New York State. 
 

 The SDA is a 15-acre shallow land burial radioactive waste site that operated from 1963 to 
1975.   The SDA received waste from offsite locations and waste generated by the onsite nuclear 
fuel reprocessing operations. 

 

 
 

Figure 1.  SDA Aerial View 
 

The topography of much of the SDA is relatively level, characterized by a series of aligned 
low ridges marking the capped disposal trenches.  The maximum surface elevation is 
approximately 1,390 feet National Geodetic Vertical Datum (NGVD) on top of the trench caps.  
Topographic relief in the immediate area is between 45 and 55 feet, with the lowest elevation 
areas around the SDA occurring along the active channels of Erdman Brook and Franks Creek.  
These streams merge near the SDA at an elevation of approximately 1,315 feet NGVD and flow 
as Franks Creek to its confluence with Buttermilk Creek at about 1,180 feet NGVD.  Buttermilk 
Creek, in turn, flows into Cattaraugus Creek at approximately 1,100 feet NGVD.  Cattaraugus 
Creek flows into Lake Erie approximately 35 miles west of the disposal site. 
 

The SDA consists of two sets of parallel, unlined trenches that contain radioactive waste.  
Each set consists of 7 trenches.  Between 1963 and 1975, approximately 2.4 million cubic feet of 
radioactive waste was emplaced in trenches constructed in a naturally occurring, low 
permeability clay deposit.  This clay deposit, called the Lavery till, was deposited by a glacier 
approximately 14,000 years ago, at the end of the last glacial advance in southwestern New York 
State.  The Lavery till is approximately 90 feet thick in the area of the SDA.  It has an upper, 
weathered zone approximately 10 to 15 feet thick that is highly fractured, and consequently, 
more permeable.  Below the weathered zone, the Unweathered Lavery Till (ULT) becomes less 
fractured and has a low permeability.  The Lavery till is underlain by up to 40 feet of water-
deposited sediments including gravel, sand and silt, called the Kent Recessional Sequence 
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(KRS).  These sediment deposits are underlain by at least two more till deposits (Kent and 
Olean) before finally reaching shale bedrock.   
 

The trenches contain solid waste materials in a wide variety of physical forms bearing a wide 
variety of radionuclides.  The total waste inventory in the trenches includes 230 radionuclides 
having an estimated activity of 128,000 Curies, decayed to the year 2000.(6)  The unlined 
trenches, ranging from 450 to 650 feet in length, are approximately 20 feet deep.  Trench cross-
sections are trapezoidal in shape, with a top width of 35 feet and a bottom-floor width of 20 feet.  
The SDA trenches are covered by 10 feet of compacted clay, and the clay caps are covered with 
a water-impermeable synthetic geomembrane, constructed of very low density polyethylene 
(VLDPE) and reinforced ethylene interpolymer alloy (XR-5) materials.(7)

 

  Additional engineered 
barriers installed at the SDA include upgradient slurry walls and French drains.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.  SDA Trenches and Watershed 

 
In the Draft Environmental Impact Statement for decommissioning of the Western New York 

Nuclear Service Center (Center), NYSERDA’s preferred alternative was to manage the SDA in 
place for “up to 30 years” with ongoing monitoring, inspections, maintenance, and analyses.  On 
the recommendation of an Independent Expert Review Team, NYSERDA made the decision to 
conduct a QRA to evaluate the radiation risks to the public over the proposed 30-year time 

Franks 
Creek 

  Erdman 
Brook 



5 
 

period.  This paper summarizes the QRA, its supporting models, data, and analyses, and the SDA 
risk assessment results. 

 
The methodology adopted for the QRA is based on the triplet definition of risk and the 

scenario approach to quantitative risk assessment.(8)

 

  In particular, the fundamental elements of 
the methodology are (1) the “triplet” definition of risk (defined below) to serve as a general 
framework for the meaning of risk, (2) a scenario approach that clearly links initial (initiating 
events or initial conditions) and final states (consequences) with well defined intervening events 
and processes, (3) the representation of uncertainty by a probability distribution (the probability 
of frequency concept), (4) a definition of probability that measures the credibility of a hypothesis 
based on the supporting evidence, and (5) information processing rooted in the fundamental rules 
of logic. 

The “set of triplets” definition of risk is as follows. 
 

R = {<Si, Li, Xi>}c
 

, 

The brackets denote “the set of”, and the subscript c implies that the set is complete.  The risk 
(“R”) is a comprehensive answer to the following questions: 
 

• “What can go wrong?”  This question is answered by describing a structured, organized, 
and complete set of possible damage scenarios (“S”). 

• “What is the likelihood of each scenario?”  This question is answered by performing 
detailed analyses of each risk scenario, using the best available data and engineering 
knowledge of the relevant processes, and explicitly accounting for all sources of 
uncertainty that contribute to the scenario likelihood (“L”). 

• “What are the consequences?”  This question is answered by systematically describing 
the possible end states for each risk scenario, such as different radiation dose levels that 
may be received by a member of the public (“X”). 
 

The scenario-based methodology provides a comprehensive and systematic framework for 
assessment of all contributors to risk.  Of course, “all” is a daunting task.  The practical approach 
is to consider all contributors, but perform detailed analyses only on those contributors that are 
potentially important.  The triplet framework allows consideration of all important physical and 
functional dependencies that affect scenario progression.  The risk quantification process 
evaluates all relevant supporting information and the associated uncertainties at each stage of the 
analyses. 
 

The risk from each scenario is determined by (1) the frequency of disruptive events or natural 
processes that cause a release of radioactive materials from the SDA trenches, (2) the physical 
form, quantity, and radionuclide content of the material that is released during each scenario, (3) 
distribution, dilution, and deposition of the released materials throughout the environment 
surrounding the SDA site, and (4) public exposure to the distributed material and the 
accumulated radiation dose from that exposure.  An integral part of the risk assessment process is 
accounting for the associated uncertainties in each of these elements.  The structure of the QRA 
model is highlighted in Figure 3. 
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Figure 3.  Structure of QRA Model 
 

2.  THREAT ANALYSIS 
 

The scope of potential threats considered includes a broad variety of natural phenomena and 
processes, and human-caused events.  Unlike most nuclear risk studies where the risk is 
evaluated over very long periods of time such as thousands of years, this study evaluates the risk 
from continued operation of the SDA for the next 30 years with its current physical and 
administrative controls.  The scope of the assessment is limited to quantification of the radiation 
dose received by a member of the public, represented by two potential receptors, (1) a permanent 
resident farmer located near the confluence of Buttermilk Creek and Cattaraugus Creek, and (2) 
a transient recreational hiker / hunter who traverses areas along Buttermilk Creek and the lower 
reaches of Franks Creek.   
 

The study evaluates potential releases of liquid, solid, and gaseous radioactive materials from 
the 14 waste trenches at the SDA site.  It examines a broad spectrum of potential natural and 
human-caused conditions that may directly cause or contribute to these releases.  Threats to the 
site are grouped into two general categories: disruptive events, and nominal events and 
processes.  Disruptive events are unexpected events that cause an immediate change to the site.  
Examples are severe storms, tornadoes, earthquakes, fires, and airplane crashes.  Nominal events 
and processes are expected events and natural processes that evolve continuously over the life of 
the facility.  Examples are groundwater flow, slope subsidence, and the aging of engineered and 
natural systems. 
 

This study does not present a quantitative evaluation of the risk from intentional acts of 
destruction, war, terrorism, or sabotage. 

  
3. SCENARIO ANALYSIS 

 
Five release mechanisms were defined to provide a framework and context for the risk 

scenarios.  Each scenario begins with an initiating disruptive event or an evolving site process.  
The scenario analyses evaluate the performance of the SDA natural and engineered barriers, and 
determine the form and quantities of radioactive materials that are mobilized and released to the 
environment.  The released materials are distributed, diluted, and deposited throughout the area 
surrounding the site.  The scenario terminates as a radiation dose to the study receptors. 
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The five SDA release mechanisms are: 
 

• Release Mechanism 1 involves liquid releases from the waste trenches via groundwater 
flows through the ULT and KRS soil layers.  Four risk scenarios were evaluated for this 
release mechanism. 

• Release Mechanism 2 involves liquid releases from the waste trenches via groundwater 
flows through the Weathered Lavery Till (WLT) soil layer.  One risk scenario was 
evaluated for this release mechanism. 

• Release Mechanism 3 involves liquid overflows of the waste trenches and releases via 
surface water runoff.  Nine risk scenarios were evaluated for this release mechanism. 

• Release Mechanism 4 involves physical breaches of the waste trenches and releases of 
liquid and solid radioactive materials.  Sixteen risk scenarios were evaluated for this 
release mechanism. 

• Release Mechanism 5 involves extensive physical disruption of the SDA site and 
airborne releases from the waste trenches.  One risk scenario was evaluated for this 
release mechanism. 
 

 
4. RELEASE CATEGORY ANALYSIS 

Several analyses were performed to quantify the conditional likelihood that a disruptive event 
or natural process will cause a release of radioactive materials from the SDA waste trenches.  
The analyses evaluated releases from extensive physical disruption of the site surface, seismic 
failures of the slopes adjacent to the site, failures of the slopes due to landslides that are not 
related to seismic events or erosion, erosion and migration of slope gullies, groundwater flows 
through lateral and vertical release pathways, and trench filling and overflows from water 
intrusion. 
 

Comprehensive inventories of the SDA waste materials were compiled from existing 
databases, including the distribution of specific radionuclides at 50-foot intervals in each 
trench.(6)

 

  This information was used to quantify the physical form, quantity, and radioisotopic 
content of the materials that are released during each risk scenario. 

The radionuclide source term for the SDA is based on a semi-empirical approach frequently 
used in radionuclide transport calculations.  In particular, the radionuclide concentration in the 
trench water is the ratio of the radionuclide concentration in dry solid materials and an 
empirically determined distribution coefficient, Kd.  In simple chemical systems, this constant 
has a theoretical foundation.  In more complex chemical systems, the quantity has a more 
empirical character.  The results of Kd measurements for a wide variety of elements over a wide 
variety of conditions have been collected, evaluated, and published as commonly used 
compilations.
 

(9,10) 

Each risk scenario is characterized by the form of the release, the types and quantities of 
radionuclides that are mobilized, and the release pathway.  Release mechanisms 1, 2, and 3 
introduce liquid radioactive material into Franks Creek or Erdman Brook or into Buttermilk 
Creek directly.  Release Mechanism 4 involves solid and liquid material releases from physical 
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breaches of the waste trenches.  Release Mechanism 5 results in airborne releases due to 
extensive disruption of the SDA site.  
  

5. TRANSPORT ANALYSIS 
 

Four of the release mechanisms defined earlier are capable of introducing radioactive 
material into nearby small surface streams (Franks Creek and Erdman Brook) feeding Buttermilk 
Creek, or into Buttermilk Creek directly.  Potential liquid release pathways are via groundwater, 
surface runoff from trench overflows, and through trench wall breaches.  Physical breaches of 
the trenches may also release solid materials into the adjacent streams. 
 

The specific mechanisms considered for transporting released solids or liquids from the 
release point to a possible exposure point were: 
 
• Transport of impacted liquids (containing dissolved and suspended radionuclides) as a 

portion of surface-water flow moving downstream under various flow conditions, and 
 
• Transport of impacted solids (containing radionuclides) as suspended sediment or bed load 

by surface-water flow moving downstream under various flow conditions. 
 

The transport of liquids or solids originating at SDA release points was analyzed using 
surface-water modeling methods to determine the flow rates (volume over time) under conditions 
resulting from normal precipitation and under conditions resulting from increased precipitation 
events with different frequencies of occurrence.  The computer program Hydrologic Modeling 
System (HEC-HMS), Version 3.2(11) was utilized to determine stream hydrographs for selected 
precipitation events.  The computer program River Analysis System (HEC-RAS), Version 4.0,(12)

 

 
was used to model the stream flooding potential resulting from precipitation events and to 
quantify potential solids (sediment) mobilization and transport. 

HEC-HMS is a model that conducts hydrologic simulations of watersheds, calculating inputs 
from upstream to downstream.  HEC-RAS is a model that is capable of one-dimensional 
hydraulic calculations for a full watershed of natural and engineered channels, including steady 
and unsteady flow calculations, sediment transport and mobile bed computations, and water-
quality analysis. 

 
Water flows through the stream systems during the next 30 years were based on the current 

configurations of the creek channels and valley walls, including downstream flows through 
Cattaraugus Creek and upstream tributaries.  Average stream flow rates were based on 
historically measured values and regional weather data.  Episodic stream flows were correlated 
with incident precipitation to explicitly account for conditions during specific release scenarios 
that are initiated by storm events.  These models were used to quantify flows and dilution of 
radioactive liquids that are released into the stream systems, the transport of solids, and the 
deposition of contaminated material in stream bed sediments. 
 

An atmospheric dispersion model was used to quantify flows, transport, and dilution of 
radioactive aerosols released into the air as a result of Release Mechanism 5. 
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6.  DOSE ANALYSIS 
 
Two hypothetical receptors were selected for evaluation of radiation doses in the QRA.  The 

first receptor, which was specified by NYSERDA, was a permanent resident farmer on 
Buttermilk Creek near its confluence with Cattaraugus Creek.  Calculations using the QRA 
radionuclide release spectra as input were performed to test whether the specified receptor 
represented the individual likely to receive the greatest dose.  The results of these calculations 
indicated that a second hypothetical receptor would be required to assure that the analysis 
captured the maximum individual radiation doses from all release mechanisms. The second 
receptor selected was a transient recreational hiker / hunter who traverses areas along Buttermilk 
Creek and the lower reaches of Franks Creek.  The hiker / hunter received higher doses than the 
resident farmer from release scenarios involving trench solids releases.  Calculations also 
indicated that doses to downstream receptors on Cattaraugus Creek, including fishermen, would 
be less than the maximum of the doses to these receptors.  The dilution of Buttermilk Creek 
radionuclide concentrations by nearly a factor of 10 in Cattaraugus Creek and the makeup of the 
QRA radionuclide spectra were the most important factors in determining that doses to the two 
selected receptors bounded the doses to all reasonably likely receptors.  
 

Analyses were performed to evaluate the exposure of each receptor to contaminants that are 
released during each risk scenario, accounting for the specific form of the material (e.g., liquid, 
solid, or airborne), its quantity and concentration at the point of exposure, and its radioisotopic 
content.  Potential doses accrue from direct exposure to contaminated creek water, sediments, 
and airborne species.  The dose analyses also account for human behavioral patterns, expected 
uses of creek water for crop irrigation and livestock watering, potential silt deposition from 
localized flooding, etc., to evaluate the cumulative doses from the liquid and solid radioactive 
materials at each location, and related food chain pathways.  Creek water is not used as a 
domestic potable water supply.  The total effective dose equivalent (TEDE) for each receptor is 
quantified in terms of millirem (mrem) accumulated in a 1-year period, for comparison with 
public health standards and other sources of radiation risk.  TEDE is the sum of the effective 
dose equivalent (for external exposures) and the committed effective dose equivalent (for 
internal exposures).  Definition of dose in these terms implies adoption of International 
Commission on Radiological Protection (ICRP) 30 methodology.   
 

The GENII-V2(13)

 

 collection of models was chosen to make the actual dose computations.  
The GENII-V2 software package has the capability to address such analyses as the radiation 
source-term, atmospheric transport, surface water transport, exposure pathways, receptor intake, 
and health effects.  This model package can calculate doses for short-duration and long-duration 
releases from radioactive materials in soils, radioactive materials released in dissolved form into 
water bodies, and radioactive materials released to air. 

7.  RISK ASSESSMENT RESULTS 
 
Implementing the triplet definition of risk involves quantifying the risk of the structured set 

of scenarios as described in previous sections and assembling the results in a form that integrates 
the risk of individual scenarios into the total system risk.  The Crystal Ball software(14) was used 
to perform the assembling process.  In particular, probability distributions for the frequency of 
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each scenario and its corresponding consequence in terms of radiation dose were derived by 
Monte Carlo sampling based on 10,000 trials.    
 

Figure 4 shows the integrated risk curves for the SDA site, in the “frequency of exceedance” 
format that is typically used to display QRA results.  The following examples illustrate how 
these curves are interpreted. 
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Figure 4.  SDA Risk Curves 
 

7.1   Frequency of Dose Exceeding 0.1 mrem in 1 Year 
 

This result is obtained by taking a vertical “slice” through Figure 4 at the dose value of  
1.0E-01 (to be read as 0.1 or 1 x 10-1

 
) mrem in 1 year.       

The mean total frequency of all threats that cause radioactive material releases from the SDA 
site which result in a total effective dose to all receptors of 0.1 mrem in 1 year, or more, is 
approximately 7.0E-03 event per year.  There is equal probability that the release frequency for 
this dose is greater than, or less than, the median value of approximately 6.6E-03 event per year.  
The range of values between the 5th probability percentile and the 95th probability percentile in 
Figure 4 is the “90% confidence interval” of the uncertainty about the risk.  This means that there 
is 90% probability that the release frequency for a particular dose level is within this interval.  In 
particular, the QRA authors are 90% confident that the release frequency is between 6.4E-03 
event per year and 7.8E-03 event per year.  Since the mean value is the “expected” frequency of 
these releases, the QRA authors do not “expect” to have a release that results in a dose of 0.1 
mrem in 1 year, or more, during the next 30 years of SDA operation.  However, a complete 
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accounting for the uncertainty in the risk curves concludes that there is approximately a 1% 
probability that this type of release may occur during the next 30-year operating period. 

 
7.2  Frequency of Dose Exceeding 100 mrem in 1 Year 

 
This result is similarly obtained by taking a vertical “slice” through Figure 4 at the dose value 

of 1.0E+02 mrem in 1 year.   
 

The mean total frequency of all threats that cause radioactive material releases from the SDA 
site which result in a total effective dose to all receptors of 100 mrem in 1 year, or more, is 
approximately 5.1E-04 event per year.  There is equal probability that the release frequency for 
this dose is greater than, or less than, the median value of approximately 4.8E-04 event per year.  
The QRA authors are 90% confident that the release frequency is between 3.9E-04 event per 
year and 6.4E-04 event per year.  The QRA results confirm that a release which results in a dose 
of 100 mrem in 1 year, or more, is extremely unlikely during the next 30 years of SDA 
operation. 
 

When these results are integrated over the entire study period, the authors are 95% confident 
that the frequency of releases that exceed a dose of 100 mrem in 1 year is less than 0.02 event 
during the next 30 years of SDA operation.  The QRA results clearly show that it is very unlikely 
that a release will occur during the next 30 years with the consequences of a 1-year dose of 100 
mrem, or more. 

 
7.3  Uncertainties 

 
The QRA results explicitly quantify the uncertainties in all major parameters that affect the 

release frequencies and doses.  The analyses account for uncertainties in the frequencies of all 
disruptive events, storm intensities, precipitation rates, causes for geomembrane unavailability, 
release detection, and mitigation actions.  Groundwater models account for uncertainties in the 
initial trench water levels, radionuclide concentrations, horizontal and vertical hydraulic 
conductivities, and advective porosities for each type of soil at the site.  Trench overflow models 
account for uncertainties in the initial trench water levels and incident precipitation rates.  Slope 
stability models account for uncertainties in trench geometries, trench water levels, soil 
properties, and predicted slope failure surfaces.  Erosion models account for uncertainties in 
precipitation intensities, trench geometries, and soil properties.  Seismic models account for 
uncertainties in the seismic hazard and fragilities of the site slopes.  Radionuclide release models 
account for uncertainties in the volume of released liquids and solids, and the concentrations of 
radionuclide species in the released material.  Stream transport and deposition models account 
for uncertainties in the released volume of liquids, the amount and size of suspended solids, and 
variability in stream flows as a function of incident precipitation.  Dose models account for 
uncertainties in the release durations, ICRP factors relating activity intake to dose from poorly 
retarded radionuclide species and from other species in each liquid release category, inhalation 
intake to dose for airborne releases, and exposure times for doses from deposited stream 
sediments.  Except for uncertainties in the models that are used to derive the seismic hazard, the 
analyses do not explicitly account for uncertainties that may result from the use of other physical 
or phenomenological models for releases, transport, distribution, deposition, or radionuclide 
uptake. 
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Those familiar with quantitative risk assessments for other types of facilities may note that 

the uncertainties displayed in Figure 4 seem rather small.  This is primarily due to the fact that 
the overall risk is the sum of several distinct contributors.  At the “high frequency / low 
consequence” end of the risk spectrum (i.e., the left edge of Figure 4), the risk is dominated by 
natural processes and weather phenomena for which there are relatively small uncertainties in the 
event occurrence frequencies.  This is evidenced by the fact that the uncertainty in the frequency 
of these events spans much less than one decade on the y-axis.  However, there is relatively large 
uncertainty in the consequences from these events.  This uncertainty is displayed by the fact that 
the 90% confidence interval for the consequential doses spans almost one decade on the x-axis. 
 

At the “low frequency / high consequence” end of the risk spectrum (i.e., the right edge of 
Figure 4), the risk is dominated by extremely severe disruptive events for which there are much 
larger uncertainties in the event occurrence frequencies.  This is evidenced by the fact that the 
uncertainty in the frequency of these events spans approximately two decades on the y-axis.  In 
fact, there are very large uncertainties in the individual event frequencies.  However, the 
probabilistic sum of these contributors tends to reduce the numerical impacts from the low 
probability “tails” of their uncertainty distributions, especially within the 90% confidence 
interval that is shown in Figure 4.  There is less uncertainty in the consequences from these 
events.  This uncertainty is displayed by the fact that the 90% confidence interval for the 
consequential doses spans much less than one decade on the x-axis. 
 

The SDA QRA results deviate somewhat from the “classic” risk curve format through the 
transition from the “intermediate frequency / intermediate consequence” range to the “low 
frequency / high consequence” range of the risk spectrum (i.e., moving from left to right in 
Figure 4).  The uncertainties in both the frequency of releases (measured on the y-axis) and the 
doses from those releases (measured on the x-axis) increase visibly over the dose range from 
approximately 1,000 mrem in one year to approximately 50,000 mrem in one year.  As noted 
above, the results show that there is large uncertainty about the frequency of very large releases.  
However, at the high end of the dose spectrum, the uncertainty in the doses is reduced, and the 
curves converge horizontally.  This phenomenon is due primarily to the fact that the upper end of 
dose range is dominated by extremely severe events that cause direct releases from essentially all 
of the waste trenches (e.g., catastrophic landslides).  There is very large uncertainty about the 
occurrence frequencies of these rare events.  However, if such an event were to occur, there is 
relatively lower uncertainty about its consequences, because they are based on the total inventory 
of material in the trenches.  Thus, the high-dose uncertainties are less than those in the lower 
dose ranges, which include contributions from a broad variety of release scenarios. 
 

Figure 5 displays the vertical “slice” through the risk curves at the dose value of 100 mrem in 
1 year.  As noted above, the 90% confidence interval in the release frequency for this dose spans 
a range of 3.9E-04 event per year to 6.4E-04 event per year.  However, the full uncertainties 
cover a much broader range.  For example, the authors are 99% confident that the frequency of 
these releases is less than 2.0E-03 event per year.  The upper end “tail” of the uncertainty 
distribution extends to a maximum frequency of approximately 3.0E-03 event per year, well 
beyond the plotting resolution in Figure 5. 
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Figure 5.  Uncertainty in Release Frequency for Exceeding a Dose of 100 mrem in 1 Year, 
Probability Density Format 

 
Figure 6 displays the horizontal “slice” through the risk curves at the release frequency of 

1.0E-03 event per year.  The mean consequence to all receptors from all threats that cause a 
release of radioactive material from the SDA site at a frequency of one event in 1,000 years is a 
total effective dose of approximately 19 mrem in 1 year.  The authors are 90% confident that 
these events result in doses between 10 mrem in 1 year and 31 mrem in 1 year.  However, Figure 
6 shows that the uncertainty in these doses is very skewed.  For example, the 99th probability 
percentile of the uncertainty distribution corresponds to a dose of approximately 87 mrem in 1 
year.  Thus, the authors are 99% confident that these events result in doses of less than 87 mrem 
in 1 year, but there is 1% probability that the doses may exceed 87 mrem.  The upper end “tail” 
of the uncertainty distribution extends to a maximum dose of approximately 200 mrem in 1 year. 
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Figure 6.  Uncertainty in Dose for Release Frequency of 1.0E-03 Event per Year, 
Probability Density Format 

 
7.4  Risk Contributors 
 
Collectively, 9 scenarios account for almost 99% of the total risk.  The remaining 22 

scenarios collectively contribute only slightly more than 1% of the total risk.   
  

The top six scenarios for total SDA risk are: 
 

• Scenario 1 – 2 is the second scenario defined for Release Mechanism 1.  It accounts for 
approximately 30% of the total SDA risk.  The scenario involves lateral groundwater 
flows through the ULT soil layer when water levels in the waste trenches are at or near 
the interface between the ULT and WLT soil layers. 

• Scenario 4 – 1c involves physical breaches of the waste trenches nearest to the East side 
and North end of the SDA.  It accounts for approximately 23% of the total SDA risk.  
The trench breaches are caused by localized landslides or seismic events that destabilize 
the adjacent slopes.  Scenario 4 – 1c evaluates the doses from liquid releases that occur 
when water levels in the waste trenches are at their current elevations, or lower. 

• Scenario 4 – 1 is similar to Scenario 4 – 1c.  It also involves physical breaches of the 
waste trenches nearest to the East side and North end of the SDA that are caused by 
localized landslides or seismic events.  It accounts for approximately 12% of the total 
SDA risk.  Scenario 4 - 1 evaluates the doses from contaminated solids that are released 
from the damaged trenches. 
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• Scenario 2 – 1 is the only scenario for Release Mechanism 2.  It accounts for 
approximately 10% of the total SDA risk.  The scenario involves lateral groundwater 
flows through the WLT soil layer near the surface of the SDA site.  These releases can 
occur only when the water levels in the waste trenches are high, and the trenches are 
nearly full of water. 

• Scenario 1 – 3 is the third scenario defined for Release Mechanism 1.  It accounts for 
approximately 7% of the total SDA risk.  The scenario involves lateral groundwater flows 
through the ULT soil layer when water levels in the waste trenches are at their current 
elevations. 

• Scenario 3 – 4 is the fourth scenario defined for Release Mechanism 3.  It accounts for 
approximately 6% of the total SDA risk.  The scenario involves initial site conditions 
when the geomembranes are not intact, the trench compacted clay caps are in their 
normal state, and water levels in the waste trenches are at or near the interface between 
the ULT and WLT soil layers.  Total precipitation during a 14-day period exceeds 9 
inches, including at least one storm with rainfall intensity that is severe enough to erode 
the trench caps and allow water intrusion to fill the trenches.  The trenches overflow, and 
contaminated liquid enters the adjacent streams through surface runoff.  
  
The approximate fractional risk contribution from each major release mechanism is: 

 
Release Mechanism 1:   Groundwater flows through the ULT  45% 
Release Mechanism 2:   Groundwater flows through the WLT  10% 
Release Mechanism 3:   Trench overflows and surface water runoff  9% 
Release Mechanism 4:   Trench breaches by erosion, landslides, and earthquake  36% 
Release Mechanism 5:   Airborne releases from SDA physical impacts  << 0.1% 

 
8.  CONCLUSION 

 
The QRA results confirm that the public health risk from operating the SDA for the next 30 

years is well below widely applied radiation dose limits, such as the 100 mrem per year limit 
specified under “Radiation Dose Limits for Individual Members of the Public” in Part 380 of the 
State of New York Codes, Rules, and Regulations (6 NYCRR Part 380) and in Part 20 of Title 
10 of the Code of Federal Regulations (10 CFR 20).  There is extremely high confidence that 
potential releases of radioactive materials from the SDA which may result in a 1-year dose to any 
member of the public of 100 mrem, or more, will occur much less often than once in 30 years.   
These results should not be interpreted to mean that a release of this magnitude is impossible.  
They simply indicate that a release with these consequences is extremely unlikely during the next 
30 years.  If the SDA site could be maintained in its current state in perpetuity (including all 
geohydrologic and meteorological conditions) it would be expected that this type of event would 
occur only once in approximately 2,000 years. 
 

This low level of risk is conditional on NYSERDA continuing to operate the SDA according 
to its current physical and administrative controls. 
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