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ABSTRAa 

The U.S. Department of Energy (DOE) has 
recently finalized a closure plan (originally called 
the Ten Year Plan) for closure and environmental 
cleanup of previous nuclear weapons facilities. The 
DOE Rocky Flats Field Office has established 
priorities for risk reduction work to support closure 
activities, as well as addressing those hazards 
associated with storage and management of 
radioactive materials and hazardous chemicals. To 
provide information for future National 
Environmental Policy Act (NEPA) or other 
regulatory assessments of specific risk reduction 
projects identified in the Closure Plan, a risk 
assessment of normal operations and potential 
accidents was recently prepared to provide an 
updated baseline of the cumulative impacts to the 
worker, public and environment due to the Site’s 
operations, activities, and environmental conditions 
in light of the Site’s change in mission, and of future 
closure projects. This paper summarizes the risk 
assessment approach, results, and conclusions. 

I. INTRODUCTION 

With the end of the Cold War in 1992, the 
mission for the Rocky Flats Environmental 
Technology Site (Site) was changed from production 
of nuclear weapon components to special nuclear 
materials (SNM) and waste management, 
accelerated cleanup, reuse and closure of the Site. 
The U.S. Department of Energy Headquarters 
Environmental Management (DOEEM) has recently 
finalized a closure and cleanup plan for all DOE 
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sites. DOE site plans serve as the planning tool for 
unifying DOEEM program direction with respect to 
future budget decisions, sequencing of projects, and 
actions taken to meet departmental objectives. In 
support of the DOEEM vision, the Closure Plan, 
called Accelerating Cleanup: Focus on 2006, has 
been finalized’. The Closure Plan describes how the 
Site will achieve accelerated cleanup and closure of 
the Site. The Closure .Plan also includes the 
planning assumptions which are expected to rapidly 
reduce the overall Site risks to the worker, public, 
and environment from potential accidents and 
normal operations. 

This change in mission presents new hazards 
and risk management challenges. With today’s 
shrinking DOE budget, a balance needs to be 
achieved between controlling those hazards related 
to SNM and waste management and interim storage, 
and those hazards related to accelerated closure of 
the Site involving deactivation, decontamination, 
and decommissioning @D&D) of surplus nuclear 
facilities. This paper discusses how risk assessments 
of normal operations and potential accidents have 
provided insights on the risks of current operations 
and planned closure activities. 

The Site is a relatively large facility, covering 
some 384 acres in northern Jefferson County, 
Colorado, about 16 miles northwest of downtown 
Denver. The Site is situated in the center of a 6,262- 
acre buffer zone. There are more than 130 major 
structures in the facility with a total building floor 
space of 2.8 million square feet. 
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11. RISK ASSESSMENT APPROACH 

The Site has been establishing risk management 
and risk reduction priorities based on its qualitative 
understanding of current hazards and risks. Some of 
this understanding comes from risk assessments 
performed for nuclear safety authorization basis 
reports (e.g., safety analysis reports [ S A R I ,  basis for 
interim operations [BIOI, basis for operations 
[BFO], unreviewed safety question determinations 
[VSQD]); NEPA documents (e.g. environmental 
assessments [EA] and environmental impact 
statements PIS]); emergency planning hazards 
assessments (EPHA) involving the State, counties, 
and nearby cities; and security vulnerability 
assessments (including radiological and hazardous 
chemical sabotage evaluations). These risk 
assessments were for specific projects or nuclear 
facilities at the Site, and generally lacked a sitewide 
cumulative risk perspective. 

The recently completed DOE complex-wide 
surveys called the Plutonium Vulnerability Study 
and the Uranium Vulnerability Study identify 
hazards and risks associated with SNM and waste 
management, and have also been used to prioritize 
risk management activities. 

External regulatory agencies have identified 
their priorities for managing and reducing risks, e.g., 
the Defense Nuclear Facility Safety Board (DNFSB) 
Recommendations 94-1 and 94-3, and 
environmental, waste, and cleanup requirements 
(e.g.. CERCL,A, RCRA) from the Environmental 
Protection Agency (EPA), the State of Colorado, or 
federal court consent orders. These regulatory 
agencies and the Site (DOE and Integrating 
Management Contractor) have signed a “Rocky 
Flats Cleanup Agreement” which establishes a 
regulatory approval process and priorities to manage 
and reduce risks. 

The public (i.e., special interest groups and 
individuals) has also been given the opportunity to 
communicate their risk reduction priorities as 
proposed in the Closure Plan. This was 
accomplished by providing drafts of the Closure 
Plan (originally called the Ten Year Plan) for public 
comment, and through the NEPA process as specific 
risk reduction projects are evaluated. 

This presents quite a risk management 
challenge to prioritize risk reduction activities, 
especially when DOE budgets are shrinking. The 

Closure Plan attempts to achieve a balance between 
risk management activities to control baseline 
activities and those needed for accelerated Site 
closure. The Closure Plan also addresses other 
activities and costs not related to reducing risks 
(e.g., infrastructure, baseline operations, possible 
reuse of facilities, etc.). 

To provide information for future NEPA or 
other regulatory assessments of specific risk 
reduction projects identified in the Closure Plan, a 
Rocky Flats Cumulative Impacts Document (CID)’ 
was recently prepared. The CID provides an 
updated baseline of the cumulative impacts to the 
worker, public and environment due to the Site’s 
operations, activities, and environmental conditions 
in light of the Site’s change in mission. This serves 
as an updated baseline of activities and associated 
environmental impacts reflected in the April, 1980 
Final Environmental Impact Statement for the Rocky 
Flats Plant Site. In addition, the CID projects the 
cumulative impacts to the worker, public and 
environment due to implementing the Site’s Closure 
Plan (based on the data available in the February 
1997 Draft 2.0 Ten Year Plan). 

Two cases are analyzed in the CID in order to 
determine the cumulative impacts to the worker, 
public and environment relative to the Site’s 
activities over the Closure Plan timeframe. The 
baseline case reflects the Site’s condition as of 
December 1996. The closure case represents one of 
several different Closure Plan funding proposals, 
and provides Site risk managers a perspective of the 
impacts and risks based on their planning 
assumptions. Five major programs were evaluated 
including SNM Management, Facility Disposition, 
Waste Management, Environmental Restoration, 
and Site Support Services. 

The CID evaluated a Reference Case 2 funding 
profile from the Closure Plan that would achieve 
Site closure by 2015, a perspective in between the 
quickest (optimistic) and longest (pessimistic) 
closure funding profiles that were being considered. 
However, current plans are based on accelerated 
closure by the year 2010 as described for Reference 
Case 5a in the Accelerating Cleanup: Focus on 
2006. This paper presents an updated risk 
assessment for accelerated closure by 2010. 

A sitewide assessment of risks from normal 
operations and potential accidents was needed for 
the CID. The simplest way to meet the need for this 



perspective was to establish a methodology that 
integrates previous risk assessments performed for 
NEPA EAs and EISs, nuclear safety authorization 
basis SARs/BIOs/BFOs/USQDs, and emergency 
preparedness EPHAs. Many of the accident 
scenarios in the CID are modifications based on 
information developed for the Drafr Rocky Flats 
Site- Wide Environmental Impact Statement (SWEIS) 
and the Plutonium Storage Draft Environmental 
Impact Statement, and their technical support 
documents'. These previous risk assessments were 
performed for specific projects or nuclear facilities 
over the past recent years and were based on 
different accident analysis methodologies and 
assumptions. The goal of the CID risk assessment 
was to standardize accident analysis assumptions to 
provide a comparison of the baseline case to the 
closure case. 

The CID evaluated both radiological and 
nonradiological risks from normal operations and 
from potential accidents. The principal hazard at 
the Site arises from management of plutonium in 
various chemical and physical forms and potential 
criticality accidents involving plutonium and 
enriched uranium. 

The CID addressed radiological risks from 
normal operations to the worker, collocated worker, 
public and environment. For the facility worker, it 
was based on estimates of external and internal 
radiation exposures for the planned closure 
activities, expected worker populations, and past 
exposure data for similar activities. For the 
collocated worker, public, and environment, it was 
based on expected routine emissions from nuclear 
facilities and estimates of exposures from 
environmental restoration activities. Routine 
emissions from nuclear facilities stacks are expected 
to increase as plutonium stabilization activities are 
started. Routine emissions are also expected to 
increase over past annual emissions as contaminated 
soils are remediated to standards established by 
various regulators and the Site in the Rocky Flats 
Cleanup Agreement. However, these environmental 
restoration emissions with appropriate controls are 
estimated to be less than those from stack emissions. 

These two EISs projects were canceled and final 
documentation were never completed. Therefore, 
the CID accident analysis updates the accident 
scenarios developed for these two draft EISs based 
on the information developed for the CID baseline 
and closure cases. 

These risks from normal operations were then 
compared to the annual risk from potential 
accidents. 

The CID evaluation of potential accidents were 
arrayed by type (radiological, primarily plutonium, 
and chemical) and initiator class (internal events or 
external events), and then processed through a 
screening analysis to focus attention on those 
accidents that contribute substantially to risk andor 
allow discrimination between baseline and closure 
cases in terms of environmental impact. For 
accident analysis purposes, environmental impacts 
were evaluated in terms of radiological dose to 
onsite and offsite individuals or populations, or 
chemical exposure concentrations to an onsite and 
offsite individual. The methodology used to assess 
risk of the baseline and cbsure cases is based on the 
general approach used to evaluate accidents to meet 
regulatory requirements for the different programs.  
Conservative assumptions are made for portions of this 
assessment, based primarily on the Site's current 
methods for developing nuclear safety authorization 
basis documents. Many of the key assumptions are 
consistent with the recently issued Safety Analysis and 
Risk Assessment Handbook developed at the Site. 
Since many of the pvious risk assessments were based 
on realistic estimates of risks. the CID adopted the same 
approach for xisk management puq~~ses by modeling 
consequems to the public for typical weather (rather 
than worst case as assumed for AB documents) 
conditions and by providing best estimates of frequency 
of occurrences. Risk is expressed quantitatively as the 
product of potential consequences of an addent times 
its expected annual frequency of occurrence, and 
summed for a l l  accidents evaluated. Risk is presented 
for two public receptors: a maximally exposed off-site 
individual (MOI) (either at the minimum site boundary 
or greater distance because consequences are larger due 
to lofting, e.g., from a major fire) and population within 
50 miles of the site, and for the collocated worker 
assumed to be located 100 meters downwind of the 
release. 

To evaluate potential consequences from 
radioactive releases, the amount of plutonium made 
airbome ( d e d  a source term) by an accident is 
estimated. For a release of plutonium to OCCUT in the 
immediate work area, the primary confinement system 
(e.g., glovebox, tank, container packaging 
confguration) must fail. Unless the accident is severe 
enough to overcome secondary confinement systems 
(e.g., the building nuclear ventilation and filmtion 
system), the airbome fraction is reduced by several 



stages of high efficiency particulate air (HEPA) 
filtration, which substantially reduces the public 
consequences Erom operational accidents within the 
buildings. This source term is then converted into a 
concentration in air that an individual could be exposed 
to. Based on a duration of exposure and current dose 
assessment methodology using the MELCOR 
Accident Consequence Code System (MACCS) 
code, an estimate of a radiological dose commitment or 
estimate of latent cancer fatalities to an individual or 
population can be made. 

From the previous risk assessments, hazards and 
controls (i.e., engineered safety features and 
administrative controls) were identified and evaluated 
in order to estimate the probabilities and consequences 
of accidents. These documents were reviewed in order 
to establish a set of bounding accidents for comparison 
between the baseline case and the closure case. 
Although not all potential accidents were addressed 
those that were postulated have consequences and risks 
that are expected to envelop the consequences and risks 
of the Site cleanup and closure mission. In this manner, 
no other credible accidents with an expected frequency 
of occurrence p t e r  than i ~ i o - ~ / y r  are anticipated that 
will have consequences and risks larger than those 
evaluated in the CID and updated in this paper. 

For the CID assessment, risk has been evaluated 
for a specm of bounding accidents. A bounding 
analysis can be either based on postulated 
consequences, or greatest risks, or both. A bounding 
consequence analysis is one in which the source tern 
exposures, and estimated impacts are overstated (Le., 
they are upper bounds) and will be greater than other 
similar postulated accident scenarios. However, a 
bounding consequence analysis often misses dominant 
risk scenarios because lesser consequence events with 
higher probabilities can have significantly greater risks. 
-fore, a bounding risk analysis is one where the 
dominant accident (considering both consequences and 
frequency of occurrence) is p t e r  than other similar 
accidents of the same type. Another form of bounding 
risk ana~ysis is the use of the 1 x lod per year to 1 x 

per year screening criteria for “credible” 
accidents which implies that consequences of lesser 
probability accidents (i.e., severe accidents less than 
1 x 10.’ per year and “beyond design basis 
accidents” discussed in recent DOE Standards) 
would not be significantly greater than those 
analyzed such that their risks are greater. 

Those scenarios that survived the initial 
screening process could either be a bounding risk 
event, or a bounding consequence event from a 
credible accident that may provide useful insights 
for comparison of the baseline and closure cases. 
There may be scenarios that are predicted to have 
extremely serious consequences but the probability 
that it will occur is extremely remote. Conversely, 
an accident with relatively small consequences may 
be of substantial concern because it is predicted to 
occur relatively often. That is why the risk of the 
scenario is considered so that probabilities and 
consequences are appropriately put in perspective. 
The accident scenarios that remained for further 
quantitative analysis after completion of the 
screening process included several bounding events 
in the following accident categories: frres, 
explosions, spilldloss of confinement, criticalities, 
earthquakes, extreme winds and wind-borne 
missiles, and aircraft crashes. 

111. RISK ASSESSMENT RESULTS 

The CID risk assessment has been updated in 
this paper for the Accelerated Cleanup: Focus on 
2006 plan,’ and a recently-discovered unreviewed 
safety question regarding seismic capacity of one of 
the nuclear facilities. The Closure Plan evaluated in 
this paper is accelerated closure that would ship 
weapons components and enriched uranium offsite 
in the next few years, complete SNM and plutonium 
residue stabilization activities by 2002, ship 
remaining plutonium metal and oxide offsite by 
2004, demolish all nuclear facilities by 2008, ship 
transuranic (TRU) and low level waste (LLW) 
offsite by 2009, and complete environmental 
remediation by 2010, thus achieving overall Site 
closure by 2010. Based on these key milestones, the 
following table and figures reflect this updating, and 
major conclusions are: 

Both the radiological and nonradiological risk 
to the workers, collocated workers and public as 
a result of normal operations are lower than 
during the weapons production years. Table 1 
summaries annual collective doses to workers 
from 1977 through 1996. A similar trend exists 
for annual routine stack emissions. 

Radiological and nonradiological risk to the 
workers, collocated workers and public as a 
result of normal operations is minimal and well 
below the Clean Air Act and EPA standards. 
Figure 1 illustrates the estimated dose to the 



Years 

1977 - 1979 
1980 - 1981 
1982 - 1986 

completed doses and excess latent cancer 
fatalities to the workers, collocated workers and 
public become insignificant. Figure 2 illustrates 
the estimated dose to workers from normal 
operations during the closure period for each 
major closure activity. 

Figure 2 Normal Operations Worker Dose Profile 
During Closure Collective Risk of Latent 

Dose (person- Cancer Fatality 
rem) 

270 - 471 
827 - 877 

1173 - 1556 

0.11 - 0.19 
0.33 - 0.35 
0.47 - 0.62 

1987- 1990 I 654-880 I 0.26 - 0.35 
1991- 1996 I 215-357 I 0.09 - 0.14 

2003 - 2007 
2008 - 2009 

I 1998-2002 I 178-402 I 0.07 -0.16 I 
75 - 138 
4.2 - 47 

0.03 - 0.06 
0.002 - 0.02 

Figure 1 Normal Operations Risk Profile to the 
Public During Closure 
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0 Radiological risk to the workers, collocated 
workers and public as a result of normal 
operations is dominated by SNM activities, 
residue stabilization and DD&D of the 
plutonium facilities. Once these activities are 

0 For the 1996 baseline case and first two years of 
closure, radiological accident risks (i-e.. seismic 
events) dominate the overall risks to the 
collocated workers and public. However, for 
the closure case, risk to the collocated workers 
and public are initially dominated by 
radiological accident risks (Le., seismic events) 
until 1998, when routine emissions from normal 
operations involving SNM stabilization and 
environmental restoration activities slightly 
exceed the risk from accidents. Around 2004, 
risk is then dominated by fires involving wastes 
until 2010 when all accident risks are 
eliminated since nuclear facilities will be 
demolished and wastes shipped offsite. Then 
routine emissions from contaminated soils 
below the Rocky Flats Cleanup Agreement 
standards will dominate risk to the public. This 
risk profile from accidents and normal 
operations during the closure period is 
illustrated in Figure 3 in terms of population 
risk. 

A population risk profile due to accidents 
through the year 2010 (when all accident risk is 
eliminated), is illustrated in Figure 4. There is a 



slight increase in risk to the public and 
collocated worker in the near term as residue 
stabilization and repackaging activities are 
started in Building 707 (a previous plutonium 
metal fabrication facility). Risks drop as SNM 
and residue storage are eliminated from 
Building 771 (a previous plutonium recovery 
facility) and Building 776/777 (a previous 
plutonium recovery and waste management 
facility). When the residues are repackaged and 
SNM is shipped offsite, risks from accidents 
decrease significantly (about a factor of lo), and 
then steadily decrease as plutonium holdup is 
removed during DD&D. Potential fires then 
dominate risk until the year 2010 when all TRU 
and LLW waste shipments are completed, thus 
eliminating all risk from accidents. The 
positive effect of accelerating residue 
stabilization activities involving the “pipe and 
go” concept is also illustrated in Figure 4, which 
shortens the schedule by approximately two 
years. 

Figure 3 Public Risk Profile During Closure 
From Accidents 

Normal Operations 

Year 

0 Seismic risk contributes approximately 96% to 
the risk to the collocated worker, MOL and 50- 
mile population for both overall baseline case 
accident risk and to the overall closure case 
accident risk until the 2004. The contribution to 
seismic risk from each of the nuclear facilities is 
illustrated in Figure 5. During this timeframe, 
the remaining few percent contribution is 
dominated by fires (primarily due to LLW in 
wooden crates) and to a lesser extent, spillsfloss 
of confinement (e.g., dock accidents involving 
plutonium oxide or residues). Figure 6 
illustrates the contribution of each category of 
accident for risk to the public (Le., MOI). It 
should be noted that the risk from aircraft 
crashes is not based on the recently issued DOE 
Standard 3014. 

Figure 4 Public Risk Profile During Accelerated 
Closure From Accidents 
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0 Operations and activities associated with the 
following material-at-risk contribute the most to 
the seismic risk for the baseline case and near- 
term closure case (2004) in the following order 
of priority: 
1. plutonium oxide 

6 



2. 

3. 
4. 

5. 

6.  

7. 

dispersible residues (ash, some wet 
combustibles, some salts) 
plutonium hold-up 
TRU waste in metal drums, resulting from 
residue stabilization 
plutonium metal (eliminated from 
contribution to releases after packaged in 
DOE Standard 3013 welded containers and 
stored in an upgraded Building 371 or new 
S N M  Interim Storage Vault) 
other TRURRUM waste in metal drums 
(existing inventory plus future generation 
by DD&D) 
LLLLM waste. 

Figure 5 Seismic Risk to the Public and Collocated 
Worker by Building 

371 (1.9E-3 

4% All other buildings 
<< 1% 

707A-H 
41 % 

redyr) 
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0 The following closure operations and activities 
contribute the most to reducing the overall 
seismic risks and thereby overall accident risk 
to the workers, collocated workers and public in 
the following order of priority: 
1. consolidating plutonium oxides into 

Building 371 (the most recently built 
plutonium facility specifically designed for 
design basis accidents) 

2. repackaging the dispersible residues into 
the pipe/drum component or storing in 
Building 371 

3. removing plutonium hold-up 
4. shipping TRU/TRUM waste drums to 

5. shipping SNM offsite 
WIPP 

6. 
7. shipping LLLLM waste offsite. 

shipping other TRU/TRuM waste to WIPP 

0 Regarding risks from hazardous chemical 
accidents, risk to the public is low. However, 
risk to facility workers and collocated workers 
could be significant if effective emergency 
response plans are not implemented. The 
chemicals that dominate the non-radiological 
accident risks are ammonia, chlorine, sulfur 
dioxide, nitric acid and propane. 

Figure 6 Closure Risk to the Public by Accident 
Category 
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0 Operations and activities that result in an 
increase in risk to the workers, collocated 
workers and public from normal operations with 
little resulting accident short term risk reduction 
benefit are as follows: 
1. DD&D facilities after plutonium hold-up is 

removed or fixated. 
2. remediation activities. 

IV. CONCLUSIONS 

The insights from the CID risk assessment, as 
updated for accelerated closure, in general show that 
the Closure Plan addresses the major risk 
contributors, but that risk reduction priorities 
established based on the many competing interests 



of the Site contractor, DOE, external regulators, and 
the public may not be optimum. For example, the 
activities that result in the greatest reduction in risk 
to the facility worker (as identified by previous 
vulnerability assessments and regulatory actions) 
often do not result in a significant reduction in risk 
to the public or the environment (primarily due to 
the facility’s safety systems to mitigate accidents). 
Likewise, activities to reduce risk to the 
environment by soil remediation can slightly 
increase risk to the public during the remediation for 
small reductions in risks to the public or 
environment thereafter. The CID does highlight 
new areas (e.g., accelerated disposition of residues 
with the pipe/drum configuration as TRU waste 
instead of extensive stabilization activities, 
relocating dispersible plutonium oxide to a more 
secure facility until it can be shipped offsite) that 
warrant further consideration to achieve the greatest 
reduction in risk to the public, collocated worker, 
and the environment over the shortest timeframe. 

The benefits of a sitewide risk assessment is that 
it provides a quantified basis for risk management 
decision making, rather than relying on the opinions 
of numerous competing interests. It was performed 
in a relatively short period of time by building upon 
the many different hazards and accident analyses 
performed for authorization basis, emergency 
planning, and NEPA programs. The CID risk 
assessment was also updated in December 1997 for 
the accelerated closure mission (as summarized in 
this paper), and has been useful for resolution of a 
new Discovery Issue Unreviewed Safety Question 
on seismic capacity of one of the nuclear facilities3. 

As part of maintaining the Site SAR, this CID 
risk assessment is planned to be periodically updated 
as major risks are eliminated or reduced to as low as 
reasonably achievable levels, specific building 
DD&D program plans are finalized, closure mission 
activities are revised or new ones adopted, or if new 
Discovery Issue Unreviewed Safety Questions are 
identified that could increase risks. This 
information will be used to focus risk management 
decisions as the Closure Plan is updated during the 
annual budget approval process. 
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