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RFCA Stakeholder Focus Group
January 31, 2001
Meeting Minutes

INTRODUCTION AND ADMINISTRATIVE

A participants list for the January 31, 2001 Rocky Hats Cleanup Agreement (RFCA)
Stakeholder Focus Group meeting is included in this report as Appendix A.

Reed Hodgin of AlphaTRAC, Inc., meeting facilitator, reviewed the purpose of the
RFCA Stakeholder Focus Group and the meeting rules for this group. Introductions
were made.

Reed reviewed the meeting agenda, which induded:

.. Radioactive Soil Action Levels {RSALs) Workshop design team report back and
discussion

• Regulatory Analysis questions for peer reviewers
• Land Use Scenarios discussion
.. Definition of Resident Rancher Land Use scenario

Reed asked the Focus Group if there were any changes or additions / corrections to the
January 17, 2001 meeting minutes.

A member of the Focus Group remarked on the reference to IIdose and other physical
forces" on page 9 of the minutes and asked if "other physical forces" had been defined.
The Colorado Department of Public Health and Environment (CDPHE) responded that
the reference was from the Risk Assessment Corporation (RAC) report:

A member of the focus Group asked that the minutes be modified to darify that the
RFCA Agencies do not believe that the Resident Rancher Land Use scenario as
presented in the RAC analysis is not realistic and that this is not an opinion attribu ted to
the Focus GfOUp asa whole. Reed Hodgin and Christine Bennett of AlphaTRAC, Inc.
agreed to modify the minutes for this clarification.

A member of the focus Group noted that the discussion on comparison of versions of
the RESRA'D model on page 4 should reference the following model versions: 5.61, 5.8,
and the RAC or 6.0'.
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RFCA Stakeholder focus Group
Meeting Minutes

Broomfield City Hall
January 31, 3:30-6:3Up.m.

RSAL WORKSHOP DESIGN TEAM REPORT BACK AND
DISCUSSION

Reed introduced the topic by summarizing that a working group had been formed at
the January 17, 2001 RFCA Focus Group meeting to draft a detailed design for
workshops for consideration by the group as a whole. He turned the discussion over to
Gerald lDePoorter for presentation of the Working Group's results.

Gerald introduced the members of the working group:

o Gerald DePoorter

o Ken Brakken

e Victor Holm

e John Marler

He credited Ken Brakken for helping to lead the group to results.

He then presented a summary of the working group's recommendations (Appendix B).
The presentation addressed four topics:

o Assumptions

II Workshop 1: RSAL Modeling Workshop

II Workshop 2: RESRAD 6.0 Input Parameters Scenarios and Numbers

e Workshop formats.

The members of the focus group then discussed the purpose and content of the
workshops at length, Key issues identified during the discussion included:

o What experts would be appropriate to teach the first workshop (on the RESRAD
model)?

-The authors of Version 6.0 (and possibly other versions)
- Independent third party experts (possibly completely independent of DOE,

possibly just independent of the Rocky Hats application)
- Three specific experts were suggested -

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
January 31, 3:30-6:30 p.m.

1. John Til],
2. Version 6.0 authors from Argonne National Laboratory, and
3. Kathleen Higley

• What should the focus of Workshop 1 be (strong proponents for each approach)?

1I!. Assume that RESRAD 6.0 will be used in the RSAL analysis and focus on
learning about this version - do not address other versions or historical
applications (such as the RAC study),

2. Learn about RESRAD 6.8 but also have a strong focus on a comparison among
the versions of RESRAD with the intent to determine if the planned application
(RESRAD 6.0)incorporates the most appropriate features and approaches for the
Rocky flats RSAi. review. One member of the Focus Group suggested that the
comparison include side-by-side model runs for a benchmark scenario.

• What level of information (prior audience knowledge) should be assumed?

- The portion of the community already knowledgeable about the RSAL Review
and the RESRAD versions (essentially the RFCA Stakeholder Focus Group),

- The interested community, many of whom may have little knowledge of the
process or the RESRAD model.

With insufficient time to resolve these issues and still address the rest of its agenda, the
Focus Group decided to expand the working group to include all strongly held
perspectives and create a revised proposal for the next Focus Group meeting. The
following Focus Group members agreed to work on the next draft:

• Shirley Garcia

• Ken Korkia

• Joe Goldfield

• Tom Marshall

• Mary Harlow

• Victor Holm

• Kent Brakken

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
January 31, 3:30-6:30 p.m.

Reed asked the members of the working group to bring back a workshop design that
they really felt would meet the interests of all members of the Focus Group. He
suggested that thoughts and draft designs be shared with all members via email
between meetings so that broad input could be obtained during the drafting process.

Reed dosed the discussion by thanking Gerald and the other members of the working
group for their time and effort in drafting the current version of the workshop design.

I REGULATORY ANALYSIS QUESTIONS FOR PEER REVIEWERS

Reed summarized the review process for the Regulatory Analysis Report (Fask 1) of the
RSAL Review project. He noted that Draft 2 of the report had been circulated to the
Focus Group and the Peer Reviewers. The next step is for the members of the Focus
Group to compile a list of questions to serve as guidance for the Peer Reviewers in their
evaluation of the report.

Individual members of the Focus Group proposed questions which were then discussed
among the group. Reed committed to submit ail of the questions, along with overall
guidance to the Peer Reviewers, ibyFebruary 1, 2001. He captured the guidance and
questions as follows:

L'The Peer Reviewers should conduct an overall evaluation of the draft report. This
overall evaluation should address the questions:

• Is the regulatory approach described in the report appropriate for developing
RSALs for the Rocky Flats Environmental Technology Site (RFETS)?

• If the approach is inadequate in any way, why is it inadequate and what
approaches would be appropriate?

2.Given that the primary focus is the overall evaluation described above, the Peer
Reviewers should answer any of the following questions that they feel qualified to
address and for which they have sufficient effort available within the scope of the
peer review commitment.

• Is the regulatory approach used for setting RSAiJLs at RFETS (as described in the
draft document) consistent with that used elsewhere (best industry practice)?

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
January 31, 3:30-6:30 p.m.

• What is the relevance of the U. S. Environmental Protection Agency (EPA)
Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) guidance to the specific cleanup at RFETS?

• Is the Nuclear Regulatory Commission (NRC) rule actually an Applicable or
Relevant and Appropriate Requirement (AiRAR) for this application - does the 25
mrem dose level under NRC rule meet the CERCLA risk requirement?

• Is the NRC rule appropriate for the specific conditions at RFETS(a cleanup
action rather than a nuclear reactor or active production facility)?

• Which method of health impact evaluation- dose assessment or risk assessment
will be most protective of human health?

• Is the dose level chosen for the analysis appropriate and adequately protective?

• Is the risk range chosen for the analysis appropriate and adequately protective
is a specific value in the risk range considered most appropriate?

• Is there a regulatory requirement to maintain institutional controls in the future
if such controls are used to meet CER01A requirements?

• Is the As Low As Reasonably Achievable (ALARA) principle being applied
properly in this cleanup approach?

• Does the document adequately address the role of community acceptance in
setting RSALs?

• Does the wildlife worker scenario described in the document meet the CERCLA
criterion for protection of the reasonably maximally exposed individual,
especially with regard to the long-term stewardship period?

LAND USE SCENARIOS DISCUSSION

Steve Gunderson, CDPHE, introduced! presenters for the five land use scenarios being
considered in the RSAL review:

• Office Worker, Mark Aguilar

• Open Space User, Rick Roberts,

• Wildlife Refuge Worker, Diane Niedzwiecki,

• Rural Resident (replacing Suburban Residential), Jim Benetti

• Resident Rancher, Jim Benetti

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Wildlife Refuge Worker Scenario

Broomfield City Hall
January 31,3:30-6:30 p.m.

Diane Niedzwiecki, CDPHE, briefed the Focus Group on the Wildlife Refuge Worker
Land Use scenario (see Appendix C for briefing slides). This scenario is based primarily
on information from two sources:

• Interviews over the phone with Carl Mackey, Shell at the Rocky Mountain Arsenal
(RMA) and MarkSattelberg, U'S, Fish and Wildlife Service, and

• Document prepared by Shel] for the RMA risk assessment, which was based on a
survey that they did: Wildlife Refuge Worker in three different wildlife refuges around
the country.

In summarizing this scenario, Diane indicated that the Wildlife Refuge Worker scenario
may be the most likely land use when institutional controls are in place.

A member of the Focus Group noted that the inclusion of direct radiation as a pathway
was important and often not considered in previous studies. In response, it was noted
that direct radiation would be considered in evaluatingeach of the land use scenarios.

Office Worker Scenario

Mark Aguilar, EPA, briefed the focus Group on the Office Worker Land Use scenario
(see Appendix D for briefing slides). He indicated that this scenario was being
considered as a requirement under the terms of the iRFCA, and that it was not
considered a likely scenario. He stated that the scenario would be defined in a very
similar manner to that developed for the 1996 RSAL study.

This scenario will feature a typical office worker, working 8 hours a day, 5 days a week.
These individuals will be indoors ail the time, knowing that on occasion they're going
to go out for lunch. They drive in and out of the site every moming and every evening.
These individuals will not be in direct contact with soil.

A member of the Focus' Group asked if radioactive gases would be considered in the
modeling analysis. The response was that none of the radioactive parent or daughter
products involved with the Rocky Flats deanupare gases.

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Open Space User Scenario

Broomfield City Han
January 31, 3:30-6:30 p.m.

Rick Roberts, Kaiser-Hill, briefed the Focus Group on the Open Space User Land Use
scenario (see Appendix E for briefing slides). He indicated that this scenario was being
considered as a requirement under the terms of the RFCA, and that it had been
examined over the past five to six years. The anticipated use is the type of open space
activity typically conducted in the area around Rocky flats. Information about open
space use in Jefferson County will be a focus, but information from Boulder County will
be used as well. Parks, access roads, and trails will be addressed.

Both adult and child open space users will be considered in the analysis.

Rural Resident Scenario

Jim Benetti of EPA briefed the Focus Group on the Rural Resident Land Use scenario
(see Appendix F for briefing slides). He indicated that this scenario was being
developed for two reasons:

1. To pick the scenario that is most likely to drive the setting of the RSAL in the event
that there are no ins titutional controls on the site, and

2. To make sure that our scenario is the most conservative of the realistic future
resident scenarios.

Because this Scenario is new and of particular interest to the Focus Group, Mr. Benetti's
briefing is reproduced verbatim in Appendix F.

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Resident Rancher Scenario

Broomfield City Han
January 31, 3:30-6:30 p.m.

rim Benetti of EPA briefed the Focus Group on the Resident Rancher Land Use scenario
(see Appendix F for briefing slides).

He indicated that this scenario would be based on the Resident Rancher scenario
described in Task 5 of the RAC report, modified as necessary for input to RESRAD 6.0.
This scenario describes what could be considered to be the hypothetical extreme
exposure. The resident rancher is living on the Rocky Hats mesa 100% of the time, 365
days a year. They spend a much higher fraction of time outdoors and have a higher
breathing rate because they're working on the site, growing their own meat, drinking
their own milk, and drinking shallow groundwater.

Because this scenario is of particular interest to the Focus Croup, Mr. Benetti's briefing
is reproduced verbatim in Appendix f.

A group question-and-answer session followed the briefings. When it became apparent
that the group's focus was on the Resident Rancher Scenario, a further briefing was
provided by Mr. Benetti (see Appendix F) after which the discussion continued. Key
discussion points are summarized below.

o A member of the Focus Group noted that the amount of vegetables produced and
eaten on the Rocky Hats mesa should account for the poor growing qualities at the
site. Mr. Benetti noted that contaminated dust on the leaves of the plants should be
considered as well as direct root uptake.

o A member of the Focus Group asked if horses or other dust-raising activities would
be considered in the scenario. Mr. Benetti responded that raising horses and the
associated dust had not been considered, but that it was a reasonable expectation
and would be examined. He indicated that other dust-raising activities should be
postulated and examined.

o CDPHE asked about a statement in the background paper that stated /IAlthough this
approach is not comparable with the RAe approach, it is likely to be more
conservative." Mr. Benetti responded:

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes .

Broomfield City Hall
January 31, 3:30-6:30 p.m.

"What RAe did, when they were calibrating their mass loading to the air sampling
data, they used meteorological data and the entire wind rose. That has not just wind
frequency of velocity, but different directions. And then they calibrated in all the
different compass points, or at least a significant number of them. What we'd be
doing is almost like a linear version of this. We're going to be taking the velocity
distribution of the winds, but not considering the direction, because the algorithm in

. RESRAD assumes that theyre always downwind. If the wind is blowing 100% in
your direction, that's the same case. You can only go downhill if the wind varies in
direction."

• A member ofthe focus Group asked about the effect of Rocky Flats' elevation on the
air sampling results that were used in the wind tunnel analysis of wind erosion. A
discussion developed with the end result that the lower atmospheric pressure and
air density at Rocky Hats are accounted for in the way that air volume is calculated.

• A member of the Focus Group asked if the effects of swirling winds, including dust
devils, would be included in the estimation of wind erosion. The possibility that the
wind tunnel results, which focused on straight-line winds, could have
underestimated this effect was raised. Mr. Benetti responded that the results from
the wind tunnel tests which examined changing mass loading with wind speed
could help with this issue.

• A member of the Focus Group asked how the probability ofa fire occurring would
be addressed in the RESRAIDanalysis. Mr. Benetti responded:

"Preliminarily, you could construct in the way I've just described, if you have a
frequency versus velocity diagram taken from wind rose data, and then you had
next to it a mass loading versus velocity curve forboth the vegetated and the fire
case. You could! construct through mapping two different distributions; one is
vegetated and the other is unvegatated, and presumably the probability and the
values of mass loading would be higher in the unvegetated case. ]f you then knew
with a reasonable amount of certainty what the probability of a fire was, you can do
a weighted sum of those two curves. The one curve you multiply by the probability
of a fire, which is maybe one in five, Iike every five years you had a fire. The
vegetated curve would be multiplied by one minus that probability, which is the

AlphaTRAC, Inc.
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RFCA Stakeholder focus Group
Meeting Minutes

Broomfield City Hall
January 31,3:30-6:30 p.m.

remainder. Then you'd add the two together, and what you'd have is a single curve
that maybe would have a shoulder on the high up. If that was reasonable and
thought to be a conservative approach, it would be a much-simplified way of getting
at this, and yet, at the same time, bounding both the vegetated and unvegetated case
complete with probability altogether. "

e A member of the Focus Group noted that there was a child exposure value
considered for the Open Space scenario and asked if a child should be considered
for the Office Worker or Wildlife Refuge Worker scenarios (possibly through an
onsite daycare center). A discussion determined that such a possibility should be
considered. It was noted that, for the Wildlife Refuge Worker scenario, the child
would be outdoors less than the worker.

• A member of the audience asked if pregnant women would be included as exposure
receptors in all scenarios. The agencies agreed to examine this question and return
with an answer at the next meeting.

RSAL REVIEW SCHEDULE

DOE provided an updated RSAL review schedule to the Focus Group (Appendix G). It
was noted that the schedule needs to be updated further and brought back again.

A member of the Focus Group noted that there was no opportunity in the schedule for
the Focus Group to discuss the comments from the Peer Reviewers on the Task 1 report.
The agencies asked that the Focus Group discuss this need and resolve it with the
Agencies.

AGENDA FOR NEXT MEETING

The Focus Group agreed on the following topics for the February 14, 2001 meeting:

• Review of RESRAD 6.0 approach to air pathway

• Regulatory Analysis Report, Revision 2 - Discussion

• Report-back from Workshop 'Design Group

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

ADJOURNMENT

Broomfield City Han
January 31, 3:30-6:30 p.m.

The RFCA Stakeholder Focus Group meeting was adjourned at 6:30 p.m.
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'7299 013101MtgMindDR1.doc

n Version 0: 218/01



RFCA Stakeholder Focus Group
Meeting Minutes

Summary of Actions and Commitments

Broomfield City Han
January 31, 3:30-6:30 p.m.

• If and how pregnant females are considered in RSAL risk / dose calculations - an
land use scenarios (CDPHE - Gunderson)

• Considerchild exposure values for Office Worker orWildlife Refuge Worker
scenanos

• Revised / detailed design for RSAL Workshops (Workshop Design Group)

• Revised RSAL schedule (DOE)

• Schedule an agenda item in 4-6 weeks: discussion on ALAiRA (Alpha'illRAC)

AlphaTRAC, Inc.
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RFCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
January 31,3:30-6:30 p.m,

AppendixB
Gerald DePoorter: RESRAD 6.0 Working Group Report
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RifCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
January 31,3:30-6:30 p.m.

AppendixC
Diane Niedzwiecki: Wildlife Refuge Worker Scenario
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RFCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
January 31, 3:30-6:30 p.m.

Appendix D
Mark Aguilar: Office Worker Scenario
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AppendixE
Rick Roberts: Open Space User Scenario
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RFCA Stakeholder Focus Group
Meeting Minutes

Broomfield City Hall
january 31, 3:30-6:30 p.m.

Appendix F
Jim Benetti: Rural Resident and Resident Rancher Scenarios
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RFCA Stakeholder Focus Group
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Broomfield City Hall
January 31,3:30-6:30 p.m.

Appendix G
Joe legare:RSALs Schedule
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ASSUMPTIONS

8 RE,SRAD 6.0 will be used byCDPHE,
EPA, and DOE to calculate RSALs for the
RFETS. This was decided in October,
2000, and is not an issue.

• Once input parameters are agreed upon, the
RESRAD 6.0 RSAL is the number.



ASSUMPTIONS

• Time is of the essence. A set of RSAL' s is
needed by December, 200 ill .

• The code pedigree is not being questioned
based on the fact that the NRC has accepted
and is using RESRAD 6.0.



Titles and Objectives of
RESRAD Workshops

Workshop 1

RSAL Modeling Workshop

To facilitate community
understanding of the calculation
ofRFETS RSALs using dose
and environmental transport
models.

Workshop 2

RESRAD 6.0 Input Parameters

Scenarios and Numbers

To understand and defend (not
debate or agree with) why the
values for the input parameters
were chosen. There are 100 or
more parameters. This
workshop win address the 10
most "sensitive" parameters.



WORKSHOP VENDORS

Workshop ~

RSAL Modeling Workshop

An independent third party
vendor is .suggested for this
Workshop. Some suggestions
are:

1. Kathy Higley, Oregon State
University

2. An Argonne National
Laboratory technical specialist

3 ?.

Workshop 2

RESRAD 6.0 Input Parameters

Scenarios and Numbers

A diverse, expert, third party
panel. Regulators and O.O.E.
will also have representatives
on the panel to explain their
choices.



WORKSHOP FORMAT
Workshop 1

RSAL Modeling Workshop
RESRAD 6.0 Workshop

• Discuss the dose response models.
Describe what a R,SAL is.

• Discuss what criteria are used to select a
dose response mode]. Review the three
models used at the RF'ETS. (RESRAD
5.82, RAe modified RESRAD 5.82,
RESRAD 6.0)



WORKSHOP FORMAT



WORKSHOP FORMAT
Workshop l

R!SAL Modeling Workshop
RESRAD, 6,.0 Workshop

• Discuss the sensitivity of the parameters.

• Use a computer wired toa projector to go
through a complete RESRAD 6.0 run.
Show the effects ofvarying the values



WORKSHOP FORMAT
Workshop 2

RESRAD 6.0 Input Parameters
Scenarios and Numbers

The panel of third party experts will discuss the choice of the
RESRAD 6.0 input parameters for the RFETS RSAL calculations with
the regulator and DOE representatives. There will also be extensive
audience participation. The workshop is intended to be very
interactive. The panel will not "re-hash" the input parameters, but
rather discuss how and why they were selected.

for this workshop also there should be a computer wired to a projector
so that RESRAD 6.0 can be run to demonstrate the effect of changing
parameters.



Wildlife Refuge Worker
Scenario Description

Diane Niedzwiecki, Ph.D.

CDPRE, Disease Control
and Environmental

Epidemiology
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Wildlife Refuge Worker
Scenario Description

• If Rocky Flats becomes a
National Wildlife Refuge, this
receptor likely will be
significantly exposed to any
contamination remaining on
site.

• This scenario may become the
driver for Soil Action Levels for
this site.



Types ofjob categories
included

• Secretaries, who may spend
100% of their time at work
inside.

• Scientifically trained personnel
such as biologists, foresters,
habitat management specialists,
and various interns or trainees.

• Maintenance workers,
equipment operators and
mechanics.



Amount of time spent
outside

• Weather dependent.

.. For scientifically trained
personnel:
- at least 5,0% of their time during

spring, summer and fall.

- Less time during the winter.

• Maintenance personnel or
equipment operators:
- often spend greater periods of

time outdoors or in shops open to
the outside air.



Size of exposure unit
depends upon type of

work
• Examples:

- When doing road surveys of
various types of wildlife, the
worker may be exposed to the
entire site avera several day
period.

- When trapping small mammals,
the entire study may be spent on a
100 m? area.



Examples of specific
tasks

• Planning and interpreting studies,
planning prescribed burns, writing
management plans.

• Performing wildlife or vegetation
surveys. .

• Performing prescribed burns.

• Applying pesticides or herbicides.

• Plowing, harrowing, and planting
during revegetation programs.

.. Fence buildingand maintenance.

• Building sheds.

• Guiding tours for the public.



Anticipated Sensitive
Pathways for

Radionuclide Exposure
• Incidental ingestion of surface

soil, subsurface soil, and
sediment.

• Inhalation of surface soil
particulates.

• External exposure to gamma
radiation.



Anticipated Sensitive
Pathways for non-radionuclide

exposure

• Incidental ingestion of surface soil,
subsurface soil, and sediment.

8 Dermal exposure, especially to some
semivolatile contaminants in surface
soil, subsurface soil, or sediment.

8 Inhalation of indoor air
contaminated by volatile organic
compounds over groundwater
plumes.

• Inhalation of surface soil
particulates.



Wildlife refuge worker
summary

• Because of the type ofpotential
exposures to different media
that this receptor could
potentially have, this receptor
may drive the Soil Action
Levels at Rocky Flats.



Scenarios
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Rural Resident Scenario

In the rural resident scenario, we're trying to pick the scenario that's most likely to
drive the setting of the RSAL in the event that there are no institutional controls on the
site. Secondly, we want to make sure that our scenario is the most conservative of the
realistic future resident scenario. That's' the main reason we departed from the
suburban resident - because the rural resident is actually more conservative and you'Il
set a Iower number using this scenario. The basis for this rural resident scenario is
taken from the Technical Basis Document for the proposed Radionuclide Cleanup
Levels that EPA had at 40 CFR 196. That standard has been remanded; nonetheless, the
technical basis is there and it's useful to start But it's a very generic scenario. We
propose to adapt it to site-specific conditions (for instance, mass loading).

The key component is that we are going to have a scenario that involves a resident that
lives on a Iarger parcel of land which is essentially undeveloped. We've selected a 2- to
10-acre farmette / ranchette as something that might be typical for that area (if someone
can acquire that much land).

The size of the person's land would have no general effect on their exposure, except that
it would Iimit to where they would not be growing their own meat or their own milk.
We would propose that they would not be drinking the shallow groundwater, which is
not potable right now. They might grow fewer fruits and vegetables, but they will
grow and eat their own fruit and vegetables.

The key thing about this scenario is that the surface soil would not be developed. This
is why we rejected the suburban resident. If you went out to Rock Creek or any of the
typical subdivisions in that area, you/Il see that the majority of the land is covered. It's
paved. People put sod on their lawns. This is all protective of the contamination in the
surface. So the RSAL that you would derive from that would be much higher, because
you would be attempting to take credit for al] that covering over the contamination. We
wanted to go with something that was much more exposed. The key feature is the
surface soil would not be developed. It would be contaminated on the surface as it is
now. The other key thing is, even though the rural resident would have a job and
would work offsite, we're going to model this on the person that stays at home; who
would spend the majority of time onsite (24 hours a day, probably up to 350 days a
year); and they eat homegrown fruit and vegetables. We would also model the adult
and child' cases and try to predict which would be the most exposed. For example, a
child eats more soil, but an adult breathes more dust and eats more vegetables. We
want to compare the two and see which is the most protective.

ADMIN,RECORD
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Resident Rancher Scenario

We were asked to do this and model it using the RESRAD 6;0. The actually scenario is
described in the RAC task 5 report. It describes what could be considered to be the
hypothetical extreme exposure. The person there is Iiving there 100% of the time, 365
days a year - a much higher fraction of time spent outdoors. This creates a higher
breathing rate because they're working on the site, growing their own meat, drinking
their own milk, and drinking shallow groundwater.

The mode] that we're going to use includes an the inputs that we can which are
identical to the ones that RAC used. Most of those are listed in Table 4 of the RAC Task
3. There are some exceptions. There are three criticat parameters, which RAC did their
whole computer calculations for which we are not able to duplicate using an off-the
shelf model. In fact, they had to defeat parts of the RESRAD code that they modified
and turn off those calculations to plug there own in. We are going to propose
alternative approaches to this. H leaves us with the fact that we will not be strictly
comparable with RAC, but we intend to be conservative in the approaches that we take.
The three critical parameters are:

1. The area of the contaminated zone

2. The mass loading factor, and

3. The average wind speed.

We'[l use the shallow groundwater pathwaytumed on. That means that if the person
will be using shallow groundwater, as improbable as that may be; to water their stock
and also to drink, it's an extreme situation. We model the adult and child case to see
which is the most restrictive.

It occurred to me in working on the working group, what we're trying to do with
RESRAD 6.0 is to use the additional feature of doing probabilistic or Monte Carlo
calculations to improve our past calculations. It's along the Iines of what RAC did in
their Task 5 calculations. The RESRAD 6.0 might provide for a more comparable
calculation. What we have found as we got more familiar with the Task 5 report, how
they did this, and what we know of RESRAD 6.0, is that it's obvious that we're not
going to be able to do that with these three parameters that I've mentioned. RAC
decided that from limitations in the computer algorithms, 'or the subprograms for
calculating these particular parameters in the RESRAD model that they used, they
tumedthose off and wrote their own software, which is very complex. They modeled
the variability of contamination on the site using curve fittings, they did boot strap



calculations of resuspension, they used alternative air transport modeling, and they
calibrated this to actual air sampler results. It's way outside the scope of what our
working group is capable of doing to duplicate that. In doing this, they incorporated a
different approach for the area of the contaminated zone, which is one of the sensitive
parameters for RESRAD or other computer models. They developed their own way of
dealing with the variability of mass loading and they integrated five years worth of
meteorological data, which I think was taken from the airport nearby. Those are the
things that are outside the capabilities of RESRAD.

Since these were among the most sensitive parameters that they used, we would have a
hard time being able to take an alternative approach and say we can compare one by
one our results with theirs. But with that caveat, what we're proposing to do is to take
everything that we can of what they did and then come up with. alternative
approximation methods which are quite a bit simpler than what they did. We believe
that they could be conservative and complete. .What we're proposing here for your
consideration is something that our technical subgroup talked about in our last meeting.
We have kind of a consensus that these appear to be a feasible approach, but we need to
dig into them more deeply. The limitation that RACattempted to address in RESRAD
is that it models based on an input defined area, which is presumed to be uniformly or
at least homogeneously contaminated. The reality of the situation is, at Rocky flats,
you have an area that would be cleaned and then a larger area that would be below the
RSAt that would not be cleaned, but would nevertheless have a contribution to the
cleanup area which you have to take into account.

What we're proposing to do, at least in concept, is to have at least two zones that we
model. They would be modeled as concentric circles, with the larger zone being the
area that's not cleaned up and the smaller area would be the area that is cleaned up.
The approach we would take would:be to compute the dose per year to a maximally
exposed resident. That's what RESRAD does, that's its algorithm. Due to the large
zone which is not cleaned up, we would come up with a dose based on the average
value of contamination or something larger than the average value of contamination in
that area now. We have a lot of soil data so we can do that. Then we would subtract
that dose from the bounding dose that we're using to derive the RSAL, which is
proposed to be 25 mrern. The smaller circle, the circle that gets cleaned up, would be
modeled based on 25 mrem, minus that residual' dose. So it may be 23 mrem, or 20
mrem, or something like that. That would set the RSAL value down 'lower in order to
take into account that larger area that doesn't get cleaned up. We feel that that is a
conservative approach. We may not be able to do it with just two zones, we may have
to use three or so zones in order to make sure that we 're bounding things, because
contamination varies quite a bit in the area that won't be cleaned up. We feel that



would be a sound approach, and would be much simpler than what RAC did. They did
a considerable amount of mathematical work in trying to capture that whole variability
of soil contamination.

The second parameter is mass loading; again, RACcarried on with their approach and
did some very impressive calculations using bootstrap and calibrating to all the air
sampling data on the site. They also were able to come up with a distribution of mass
loading based on that, because they did Monte Carlo analysis. Given the version of
RESRAD that was available at that time, they probably did a lot more than RESiRAD
would have permitted them. We believe that RESRAD 6.0~ since they can't accept a
distribution of a parameter and do Monte Carlo modeling, that we canactual1y create a
distribution for the mass loading based on something other than the approach that RAC
took. We believe that we can use the wind tunnel studies and past studies that have
actually shown the relationship between mass loading and wind velocity. We then
would incorporate the meteorological data from the site to come up with the
distribution, which reflects, in other words, the probability of a certain mass loading is
related to the frequency of winds at that particular velocity. Since the more recent wind
tunnel study has studied both the burned area and unburned areas, we believe that we
can do distributions for each of those and possibly combine them into a single
distribution with appropriate weighting factors that reflect the probability of a fire.
That would be the appropriate way to address site specific conditions.

One of the things that RAC was faced with was trying to figure out what the change of
resuspension rate would be when you had limited data. A lot of it was taken from the
Nevada Test Site; which is quite a bit different in geologic content from Rocky Fiats. If
you actually have site specific data, which we do now, we believe that it would be
better to treat it that way.

RAe approached the average wind speed by using the meteorological array. We
believe.that we can actually just use the average value for the meteorological rate that is
taken from site specific map data and that the algorithm, if it's given as mass Ioading
distribution, will handle that in a conservative way. One of the main reasons we
believe that it will be conservative is that the RESRAD always models the dose to the
receptors as if the receptor is always downwind, so that when you take the wind
distribution frequency versus velocity, and then you neglect the fact that it's not
blowing in different directions, but always in the same direction towards the receptor,
you're likely to come up on the conservative side.

We feel that those are appropriate adjustments and approximations to use. We may run
into obstacles becuase these are still conceptual. They seem to be feasible. We've got



kind of a consensus to plow ahead and look into that. They also promise to be
expedient if they will work, because the wind tunnel data is coming out in the final
version in the not too distant future. The approximation on the area of the
contaminated zone is really within our grasp right now if it works.
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RESRAD 6. WORKING GROUP
Summary Report

Ken Brakken, Gerald Def'oorter, Victor Holm, John Marler
Report compiled by Gerald DePoorter

The RESRAD Workshop working group met Friday, January t9, to discuss the
proposed RESRAD workshops. We began by listing the assumptions that we would use
to further discuss the workshops. Bothworkshops are based on the following
Assumptions:

1. RiESRAD 6.0 will be used by CDPHE, EPA, and DOE to calculate RSALs for the
RFETS. This was decided in October, 2000, and is not an issue.

2. Once input parameters are agreed upon, the RESRAD 6.0 RSAL is the number.
3. Time is of the essence. Aset ofRSAL's is needed by December, 2001.
4. The code pedigree is not being questioned based on the fact that the NRC has

accepted and.is using RESRAD 6.0.

We continued by defining the titles and objectives of'the proposed workshops.
These are listed in Table I below.

TABLE 1. 'Fitles and Objectives ofRESRAD Workshops

Workshop I I Workshop 2 I

RSAL Modeling Workshop RESRAD 6.0 Input Parameters
I ;

I,
Scenarios and Numbers I!

I 'Fo facilitate community understanding of To understand and defend (not debate or II

the calculation ofRFEWS RS'ALs using agree with) why the values for the input
:

I

dose and environmental transport models . parameters were chosen. There are 100 or
more parameters. This workshop win "

address the 10 most "sensitive" parameters.
,

We next discussed the intended audience of the workshops. We concluded that
the audience for the workshops should be the RFCA Focus Group participants. When we
realized that the audience should be the entire RFCA Focus Group, we abandoned the
idea ofa specific workshop dedicated to running RESRAD6.0. Those RFCA Focus
Group members who desire more detailed technical information on the basis for and
running RESRAD 6;0 will pursue different avenues to achieve that purpose.

We then discussed the "vendor" or who would be conducting the workshop.
These outcomes are summarized in Table II below.

The Format ofthe workshops, and what would be discussed at the workshops was
discussed and are summarized in Table III below.

We did not discuss Workshop scheduling or timing .
When the RFCA focus group agrees on vendors and formats for the RESRAD

workshops, the working group 'will then fill in details and work on implementing the
workshops with DOE and the regulators.
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'FABLE II. Workshop Objectives, Audience, and Vendor

Workshop 1 Workshop 2 I

RSAL Modeling Workshop RESRAD 6.0 Input Parameters ,

! Scenarios and Numbers '!

OBJECTIVE To facilitate community understanding of the OBJEC'FiWE 'Fo understand and defend (not debate or agree I

I

calcu.lation ofRFiETS RSALs using using dose with) why the values for the input parameters I

and environmental transport models. were chosen. There are 100 or more
parameters. This workshop win address the 10
most "sensitive" parameters.

AUDIENCE i RFCA Focus Group participants I AUDIENCE RFCA Focus Group participants
VENDOR An independent third party vendor is suggested VENDOR A diverse, expert, third party panel. Regulators

for this Workshop. Some suggestions are: and D.O.E. will also have representatives on the
I1. Kathy Higley, Oregon State University panel to explain their choices.

2. An Argonne National Laboratory
,

I

technical specialist.
3. ?



TABLE III. Workshop Fonnats

Workshop 1 Workshop 2
IIRSAL Modeling Workshop RESRM:> 6.0 Input Parameters

(iRESRAD6.0 Workshop) Scenarios and Numbers I

FORMAT
II

1. Discuss the dose response models. FORMAT The panel of third party experts will discuss the
I

,

Describe what a RSA[L, is. • i choice ofthe RESRAD 6.0 input parameters for
I

2. Discuss what criteria are used to select a , I the RFETS RSAL calculations with the
dose response model. Review the three regulator and DOE representatives. There will
models used at the RFE'ifS. (RESRAD also be extensive audience participation. The
5.82, RAe modified RESRM:> 5.82, I workshop is intended to be very interactive.

I

RESRAD 6.0) I The panel will not "re-hash" the input
I i

3. Look at the environmental transport parameters, but rather discuss how and why
models within the code. Use narrative they were selected.
descriptions, not formulas

4. Review the models behind Dose i for this workshop also there should be a
Conversion Factors and the Slope Factor computer wired to a projector so that RESRAD
Method 6.0 can be run to demonstrate the effect of

5. Discuss the sensitivity of the changing parameters.
parameters.

6. Use a computer wired to a projector to
go through a complete RESRM) 6.0
FUn. Show the effects of varying the
values for the parameters.

i
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Determining Cleanup Goals
at Radiologically-Contaminated Sites

INTRODUCTION

The purpose of this report is to explain the context in which cleanup levels have been
developed at radiologically-contaminated sites. This report documents cleanup levels
and presents case studies from selected sites to demonstrate variations in the decision
making framework and basis.

The cleanup level development process begins with determining which regulatory
authority applies, which determines the applicable radiological standard. Table 1 lists
major radiological standards in effect in the United States. The Conference of Radiation
Control Program Directors (CRCPD, 1998) has complained that radioactively
contaminated sites "are not being cleaned up in a timely manner because there is no
uniform cleanup standard applicable to the radioactive materials.... [Tjhe U.S. has a
mixed bag of inconstant annual dose limit fractions (4 mrem/year for water, iO
rnrem/year for air, 15 mrem/year for high Ievel waste , 25 mrem/year for fuel cycle) .
Uniformity is not apparent in this melange."

Many sites involving the research, development, processing, assembly, waste disposal, or
even deployment ofnuclear weapons are CERCLA sites. According to the CERCLA and
the NOP, selected remedies, and therefore cleanup guidelines, must be protective of
human health and the environment and must comply with applicable or relevant and
appropriate requirements (ARARs). Cleanup guidelines and remedies based on ARARs
must ultimately be found to fall within the CERCiLA risk range.

Various terms are used, sometimes interchangeably, to describe numbers that guide
remedial actions at radiologically-contaminated sites. Oleanup levels from site to site, or
even at a single site, cannot be compared without knowing their purpose, how they were
derived, and how they will be applied. Soil screening levels, Preliminary Remediation
Goals (PRGs), action levels, and Remedial Action Objectives (RAOs) are usually used to
describe relatively conservative numerical values developed early in the remediation
process. final cleanup levels , Final Remediation Levels, or Remediation Goals (RGs),
are established by Records of Decision (RODs) and guide final remedial or management
actions at a site or portion of a site.

An Action Level in the Superfund program refers to the existence of a contaminant
concentration in the environment high enough to warrant action or trigger a response
under the Superfund Amendments and Reauthorization Act (SARA) and the National Oil
and Hazardous Substances Pollution Contingency Plan (NCP). The term can be used
similarly in other regulatory programs (EPA OSWER Glossary). Responses triggered
may include actions such as removal, treatment, containment, stabilization, or
institutionally controlling exposure. The action Ievel is sometimes referred to as the
investigation level (EPA,et aI, 2000).
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Preliminary Remediation Goals (PRGs) are the initial or proposed cleanup goals usually
developed early in the Remedial Investigation phase to provide risk reduction targets.
PRGs based on ARARs are generally considered protective for single pathways or
contaminants. Depending on which requirements are determined to be ARARs, PRGs
are usually established by assessing radiological health effects using a risk-based or dose
based approach. Either approach requires selecting appropriate scenarios, models I
equations, and site-specific input parameters. Risk-based PRGs are developed when
multiple pathways or contaminants are present. Numerical PRGs for radionuc1ides are
typically based on the upper bound carcinogenic risk of one in a million (10-6

) . Only
cancer risks are considered for most radionuclides; non-cancer hazards are sometimes
also included for uranium. Until the final remedy is selected and documented in the
Record ofDecision (ROD), PRGs constitute initial guidelines, not final cleanup, goals [40
OFR 300.430 (e)(2)(i)].

Remedial Action Objectives (RAOs) or final Remediation Goals (RGs) are media
specific cleanup goals for a selected remedial action. CEROLA requires the development
of "...methods and criteria for determining the appropriate extent of removal, remedy, and
other measures..." forresponding to releases of hazardous pollutants and contaminants
[CERCLA Section 105(a)(3)~. In order to meet this requirement, a process defined in the
revised NCP evaluates potential remedial alternatives, once it has been determined that
remediation is warranted. The development of remedial action objectives is directly tied
to this alternatives evaluation. These numerical remediation goals can be based on
existing standards that are ARARs or on risk calculations [40 CFR 300.430(e)]. These
two requirements are the "threshold criteria" for evaluating both remedial alternatives
and remedial action objectives. Because risk-based PRGs do not necessarily represent
realistic exposure and risk, those numbers may not be appropriate cleanup levels and they
may be adjusted before being applied as RGs. factors related to technical limitations
(e.g., detection or quantification limits) can be applied. In addition, the "balancing
criteria" and the "modifying criteria" for analyzing remedial alternatives, such as cost,
state and community acceptance, should also be considered [40 OPR
300.430(e)(2)(i)(A)]. In some cases, RGs maybe adjusted downward to account for
multiple radionuclides or co-occurring non-radionuclidechemicals. Final RGs are
documented in the Decision Summary section of the ROD as radionuclide-specific
"remediation levels" 140 CFR 300.430(£)(5)]1 or as a qualitative definition of the risk
reduction cleanup objective to be achieved for the non-numerical RGs.

ORGAN!IZAll0N OF THE REPORT

Case studies from ]2 radiologically-contaminated sites present a background ofeach site
including the site history and nature of contamination. Thesecase studies then discuss
the unique manner in which each site developed cleanup levels - the regulatory basis,
models and inputs used, and what factors may have been applied to derive a final cleanup
number. If actual cleanup has taken place at the site, the status of those activities is
reported. Contact information is listed for most sites, including persons who are
knowledgeable about the site and websites, if available. The sites reported are:
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~. Brookhaven National Laboratory, NY
2. Enewetak Atoll, Marshall Islands
3. FemaldEnvironmental Management Project, OR
4. Ft. Dix, NJi
5. Hanford Site, WA
6. Johnston Atoll
7. Linde Si te, NY
8. Maralinga, Australia
9. Nevada Operations, NY
~O. Oak Ridge Reservation, TN
] 1. Savannah River Site, SC
12. Weldon Spring Site, MO

Cleanup levels 'have been identified for several other sites besides those included in this
report. Without the background and context for these values, however, they will not be
reported here. Most cleanups ofnuclear weapons accident sites will also not be discussed
in this report. At least 11 nuclear bombs from the Cold War era, including five in the
United States, have still not been recovered. Accident sites where contamination was
spread and cleanup occurred include Palomares, Spain (1966) and Thule, Greenland
(]968). For the most part, activity levels reported at these sites are post-remediation
measurements rather than cleanup levels determined prior to remediation. As such, these
levels are not appropriate for comparison in this report.

Cleanup levels for plutonium at various sites are listed in Table 2; 'Fable 3 contains
cleanup levels for uranium. Comparison ofvalues in these tables can be meaningfully
done only in context of the explanation of the site-specific cleanup level development
process in the case studies. Table 4 presents key RESRAD input parameters used by
several sites, which used that computer model to determine cleanup levels.

CONCLUSIONS

Differences in cleanup levels from site to site are due to variations in one or more of the
elements in the cleanup leve] development process. Variations in the elements of this
process have led each site to establish different cleanup levels. The differences in
cleanup levels can only be understood by understanding the context in which the
decisions in each cl'eanup level development process were made.

o Soil cleanup levels can vary due to variations in regulatory standards and
authorities.

o Final clean-up numbers used may differ from the values derivedfrom a site risk
assessment because ofmodifyingfactors such as ALARA.

Cl Soil cleanup levels examined at several sites for plutonium and uranium demonstrate
that levels can vary due to the land use assumptions and exposure scenarios.
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• Variation in the basis ofrisk assessment approaches (slope-factoranddose) leads to
variation in assessed risk. Neither approach can be attributed as leading to more
conservative cleanup numbers than the other.

• Differences in computer codes (especially different versions ofRESRAD) can be
significant. For example, newer versions ofthe RESRAD computer code have
improved the air model, which has led to a greater percentage ofrisk attributed to

soil ingestion.

e The input parameters used in computer codes such as RESRAD have significant
influence on the result. The outcome is typically very sensitive to a very few ofthe
parameters such as the form ofplutonium, inhalation rate, dose conversion factors,
soil ingestion rate, mass loading for inhalation, etc. tl

A document explaining the context for cleanup level decisions at radiologically
contaminated sites is also being produced by the Radionuc1ides Work Team of the
Interstate l'echnology & Regulatory Cooperation (ITRC) , a cooperative effort among
state regulators', federal agencies, industry, and academia. This document is currently
being compiled by regulators from various states and is scheduled to be published early
in 2001. The case studies presented in this report will become part of that document.
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CASE STUDY: BROOKHAVEN NATiIONAIL LABORATORY

Background

Brookhaven National Laboratory (BNL), formerly Camp Upton, was administered by the
U.S. Army during World Wars l and II and has been operated by DOE and its
predecessors since [947. This facility processed, treated, and stored radioactive and
hazardous waste. The BNL site was placed on New York State's Department of
Environmental Conservation (NYDEC) list of Inactive Hazardous Waste Sites in 1980
and on the NPL in 1989. Remediation at this site is being done under CERCLA, 40 OFR
Part 300. Soils in severa] areas were contaminated with radionuclides from past waste
handling operations, spills, or inadvertent use ofcontaminated soils for landscaping.
Most ofthe radioactively contaminated soils are at the former Hazardous Waste
Management Facility.

Cleanup Level Development

The radionuclide soil cleanup level is based on a total dose limit of 15 mrern/year above
background assuminging 50 years of institutional controls for the selected land use. The
basis for this limit is EPA's proposed rule in draft 40 OFR 196 and subsequent EPA
guidance. Residual radiological contamination following remediation will also be within
the CERCLA risk range. Specific cleanup levels for individual radionuclides were
determined using the RESRAD computer code. Cesium cleanup levels within the Fonner
Hazardous Waste Management Facility assumes industrial land use with 50 years of
institutional controls and residential land use with [00 years of institutional controls.
Outside the Facility, cleanup levels for cesium are based on residential land use with 50
years of institutional controls. The cleanup level for strontium-90 is based on impacts to
groundwater and is protective of residential and industrial use as well. DOE Order
5400.5 is the basis for the cleanup level chosen for radium-226. The New York
Department of Environmental Conservation's guidance of 10 mrem/year above
background will be an ALARA goal to be considered during remedial design.

)Soil Oleanup Levels for Radiological'Contaminants at Brookhaven (pCi/ ~.'

Radlouuclide Residential Land Use Industrial Land Use
Cesium-137 23 67

, Strontium-90 15
!

15I

Radium-226 5 ! 5

Remedial Actions

Operable Unit I includes soils at the site contaminated with radionuclides. Over 2,500
cubic yards of landscaping soils with low levels of radionuclides have been excavated
and shipped toa disposal facility in Utah. Other areas of radiologically contaminated
soils include the Hazardous Waste Management facility, the Waste Concentration
Facility, the Reclamation Facility sump, and tanks at Building 81L All soil cleanups at
Operable Unit I are expected to be completed by 2005. Post-remedial sampling will
ensure that the dose from all residual radionuclides will not exceed 15 mrem/year
(considering 50 years of institutional control for the specified 'land use).
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Contacts

Jim Brower
Environmental Restoration Division, Building 51
Brookhaven National Laboratory
Upton, NY 1~973
Phone: 631-344-7513
E-mail: brower@bn1.gov

Website: http://\\-'Ww.bnl.Q:ov/erd
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CASE STUDY: ENEWETAK ATOLL

Background

Enewetak Atoll is a ring of40 named islands, surrounding a lagoon about 20 miles in
diameter, in the Marshall Islands. The total area ofthe islands is about 1800 acres.
Before World War II, Enewetak was used as a military base by the Japanese. H was
attacked and taken by the U,s. in February 1944. After the war, the AEC required a site
for nuclear weapons tests. Enewetak Atoll was selected and in December] 947 its 136
inhabitants were transported to Ujelang, a nearby atoll. Between 1948 and 1957 forty
three different nuclear devices were detonated on Enewetak including the largest device
tested! by the U.S. These tests left much ofthe atoll contaminated with short-lived fission
products as well longer lasting.isotopes of plutonium. In 197i the u.s. government made
the decision to return theatoll to the Trust Territory of the Pacific Islands and planning
for the cleanup began.

Cleanup Level Development

Enewetak represents the first time the U.S. attempted to set cleanup standards for
plutonium. Many different agencies were involved. from the published sources it is not
clear how the first standards were derived. It appears that 400 pCi/g was chosen by the
Atomic Energy Commission (ABC) in 1974 as the maximum exposure and one-tenth of
that, 40 pCi/g, was considered safe. It was then decided to remove all soil over 400pCi/g
and leave soil below 40 pCi/g. Soil between 40 and 400 would be considered on a case
by-case basis. In September of 1974, a draft Environmental Impact Statement (EIS) was
published' that recommended the 40-400 standards and rejected!cleanup of fission
products due their short half-life and the extreme disruption of islands that removing
them would cause. One interesting concept discussed in the iEIS was that once a cleanup
action was initiated, the plutonium concentrations should be reduced to lowest possible
Ievels. This concept is similar to ALARA. During the comment period on the draft EIS,
numerous objections were brought up both about the standards and the placement of the
waste; nevertheless, the final EIS was nearly identical to the draft.

Although demolition of 'the buildings and cleanup ofthe debris was started there
continued! to be controversy over the soil cleanup. In Aug of 1977 an independent
committee chaired by Dr. W. Blair (the Blair Committee) was formed! to recommend a
course of action. The EPA had recently released its draft guidance on plutonium cleanup,
which contained a ]5 pCi/g cleanup recommendation. This value was rejected as being
not applicable to Enewetak. Also, planning and budgeting were already too advanced to .
allow the project to be delayed by more studies. The Blair Committee generally endorsed
the standards in the EIS. Meanwhile, the short-lived Energy Research.and Development
Administration (ERDA), the successor to the ABC, proposed! applying the new EPA
plutonium in soil cleanup guidance. The project was again put on hold until a decision
could be made. In the meantime the DOE replaced ERDA. In January 1978, the Blair
committee was again asked to recommend cleanup levels. The Committee made the
following recommendations:
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1. Residential islands should be cleaned up if the average concentration in soil
exceeded 40 pCi/g.
2. Agriculture islands should be given. second priority and should be cleaned up if
the average was greater than 80 pCi/g.
3. Third priority should be given to the other islands and they should be cleaned
up if the average was greater than 160 pCi/g.

They reaffirmed that once cleanup was begun it should continue until a level of at least
40 pCi/g is achieved. The committee recognized that because of the fixed cleanup budget
this standard could result in some islands not being cleaned up and that they may have to
be quarantined, This recommendation essentially formed the basis for the soil cleanup.

Remedial Actions

During 1977 and 1978 a total of 253 thousand cubic yards of debris were removed
including nearly 6000 cubic yards of contaminated debris. The soil cleanup went much
better than, planned and in the end only one island, Runit, was quarantined due the
disposal cell being on the island even though the surface soil was cleaned up. All the
other islands were cleaned to at least the 160 pCi/g standard and most did not exceed 40
pCi/g.
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CASE STUDY: FERNALD ENVIRONMENTAL MANAGEMENT
PROJECT

Background

The Fernald Environmental Management Project (Fernald) is a 1500'-acre DOE facility
about n miles northwest of Cincinnati near the village ofFernald, Ohio. Fernald
operated from 1952 to 1989 as the feed Materials Production Center, a large-scale
production facility extracting uranium from ores and ore concentrates to yield high-purity
metal products in support ofD.S. defense programs. During this period,over 500 million
pounds of slightly enriched and depleted uranium metal products were shipped to other
DOE sites across the country. Smaller amounts of thorium were also produced.
Production stopped in 1989 and the site was added to the EPA's National Priorities List.
In [991 the site was officially closed and renamed to reflect its new cleanup mission.

Topography in the area consists of gently rolling uplands with steep hillsides along major
stream. Surface drainage at Fernald is from east to west and south into Paddy's Run, with
the exception of the northeast comer, which drains east toward the Great Miami River.
Groundwater is contained in two geologic units: glacial overburden ranging in thickness
between 0 and 50 feet, and sand and gravel of the Great Miami Aquifer. Groundwater in
the glacial overburden is considered perched since it is contained within silty sand tenses
within a low-permeability, clay-rich soil. The underlying Great Miami Aquifer is the
principal drinking water supply for the region and is regulated asa sole-source aquifer
under the Safe Drinking Water Act.

Six waste pits used during past operations contain approximately 475,000 tons ofwaste,
including uranium, thorium and other radioactive and chemical contaminants. The pits
range in size from a football field to a baseball diamond, and vary in depth from 13 to 30
feet. Two ofthepits have a water cover, one has a synthetic cap and the others have a
soil cover. The waste pits are either in close proximity to, or in contact with, the Great
Miami Aquifer and are contributing to contamination ofthe ground water.

There are four concrete silos at the fEMP that were constructed to store radioactive
materials. Two of them, referred to as the K-65 silos, contain high radium-bearing
residues, one contains lower-level dried uranium residues, and one has never been used.
To reinforce the K-65 silos, a soil berm was added in the 1960s and enlarged in the early
198os. In 1991, bentonite clay was injected into the tops of the two K -65 silos to cap the
high radium residues and reduce radon emissions from the silos.

Large volumes of contaminated soil exist on site as a result of dumping, spilling and
fugitive emissions during site operations. Disposal areas include the Southern Waste
Units, Solid Waste Landfill, and Lime Sludge Ponds. Soil underlying thecurrent
production area is contaminated as a result of leaks and spills.

A Federal Facility Agreement covering CERClA remediation and NESHAP activities
exists between EPA and DOE. The State of Ohio and DOE have a Consent Order
covering hazardous waste, surface water, and natural resource restoration.
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Cleanup Level Development

Cleanup levels for the entire site have been established through CERCLA Records of
Decision (RODs) for the five operable units that encompass the site. Soil cleanup Ievels
are risk based using EPA risk assessment guidance and land uses consisting ofan on-site
undeveloped park and an off-site resident farmer. Groundwater cleanup levels are based
upon EPA drinking water MCLs , proposed MCLs,or risk-based numbers. The following
tables list cleanup values presented in the Operable Unit 5 ROD, which addresses the
large majority of the site. Cleanup values differ in other portions of the site based upon
proximity to groundwater and contaminant type, but are generally similar.

FINAL REMEDIATION LEVELS (FRLs) FOR SOU, AT FEMP
,

I

Contaminant
,

On-Property FRL(pCi/g} I Off-Property FRL (pCi/g),

104 X 10° 8.2 X 10,1
I

Cesium-137 + ID

Neptunium + ID
I

3.2 X 10°
I

4.9 X 10-1

Lead-210 I 3.8 X 101
I 2.2 X 10°

Plutonium-238 I 7.8 X 101 ,
9.3 X 10°

Plutonium-239/240 7.7 X 10\
I

9.0 X 10°

Radium-226 -l- 8D I UX 10° 1.5 X 10°

i Radium-128 + ID 1.8 X 10° 1.4 X 10°

I Strontium-Sf) lAX 101 6.1 X 10,1

Technetium-99 3.0 X 101 LOX 10°

Thorium-228 + 7D 1.7 X 10° 1.5X 10°

Thorium-230 2.8 X 102 8.0 X 10\

Thorium-232 + 10D 1.5 X 10° 104 X 10°

Uranium, total (K1:=325 Llkg) (ppm) 8.2 X 10\ 5.0 X 101

Uranium, rota) (K I= 15 L'kg) (ppm) 2.0 X 10\ NA

FRLs FOR SEDIMENT AT 'FEM P
,

! Contaminant FRL (pCi/g) Contaminant FRL (pCilg) 1

i Cesium-137 (+ID) I 7.0 X 10° Radium-226 (+8D) 2.9 X 100

I Neptunium-237 (+1D) 3.2 X 101 Radium-228 (+lO) 4.8 X 100
1

Lead-210 (+2D)
I

3.9 X 102 Strontium-90 (+ lD) 7.1 X 103

I

,

I

Plutonium-238 1.2 X 103 Technetium-99 2.0 X 105

I I
1.1 X 103 3.2 X 100

I
Plutoniurn-239/240 Thorium-228 (+7,0)
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FRLs FOR GMA GROUNDWATER AT FEMP
i!

, I

•Contaminant FRL (pC ilL) I Contaminant I FRL WCiIl.)
I

i Neptunium-237 (+ID) LOX WO ! Thorium-228 (+7D) 4.0 X 10°
! !

I Radium-226 (+8D) 2:0XWI Thorium-230 1.5 X 101

I
!

UX 10°Radium-228 (+ID) 2;OXW1 'Fhorium-232 (+10D) I
I

I I I
II Strontium-Sf) (+ID) I 8:0 X 10° ! Uranium, total (mg/L) 2.0 X 10-2

! I
i

! Technetium-Ss I 9.4 X ro' i

Remediation

Waste Pits Remedial Action Proiect (Waste storage area, including six waste pits, clear
well and bum pit) - The waste pit contents win be excavated, thermally dried and shipped
by rail to a permitted commercial disposal facility. Significant effort has been put into
upgrading on- and off-site rail systems.

On-Site Disposal Facility - Contaminated soil and debris is being excavated and disposed
in the on-site engineered disposal cell. Any waste that exceeds the waste acceptance
criteria will be disposed off-site. No off-site waste will be allowed in the disposal cell.
The first waste
placement occurred in December, 1997. The OS'DF is designed to hold 2.5 million yards
of waste.

Facilities Closure and! Demolition Proiect (Former production area, including all
buildings,equipment, inventoried hazardous material and scrap metal piles) - All on-site
buildings will be decontaminated and dismantled. Debris within the waste acceptance
criteria will go in the on-site disposal facility, with higher level materials going off-site.
Significant progress has been made in the safe shutdown of nuclear materials and the
decontamination and dismantlement ofproduction facilities. A number of innovative
technologies have been deployed during the iD&D activities including gas-oxy torch,
insulation removal, decon equipment, scanning equipment, etc.

Silos Project (Silos 1-4, including the K-65 silos, their contents and associated piping and
soils) Due to the 1996 failure in the Vitrification Pilot Plant, an Explanation of
Significant Difference was completed for Silo 3 and! a Record ofDecision Amendment
will be completed for Silos 1 and 2.

Soils Characterization and Excavation Project (formerly OU2 and OU5) Contaminated
soils will be excavated and those meeting the waste acceptance criteria will be disposed
in the on-site disposal facility. Excavation of the first contaminated soils area was
completed in 1997. Technologies being used include a number of field deployed
analytical devices for quick assessment of'radionuclide concentrations.

Aquifer Restoration and Waste Water Proiect(formerly OU5) The Great Miami Aquifer
will be remediated!by a combination of treatment, extraction and injection of the ground!
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water. The Advanced Waste Water Treatment Facility was completed in 1994 with
additional capacity added in 1998. The South Plume extraction system removal action
began pumping in August 1993. The South Field extraction and injection system became
operational in the summer of 1998.

The future land use will include natural resource restoration on the majority of the site.
Natural resource restoration is part of on-going negotiations to settle the State ofOhio's
Natural Resource Damages claim against DOE. Restoration will include development of
wetlands, forests and prairie areas. Low impact public access will be allowed. The 00
Site Disposal Facility will remain and be managed/monitored,

Contact

Worn Schneider
Ohio Environmental Protection Agency
Office ofFederal Facilities Oversight
401 East Fifth Street
Dayton, OR 45402-29i 1
Phone: 937-285-6466
fax: 937-285-6404
E-mail: tschneid@offo2.epa.state.oh.us
Website: httpc/zoffoz.epa.state.oh.us
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CASE STUDY: FORT DIX

Background

In June 1960, a large fire in an antiaircraft bunker melted the warhead of a Boeing
Michigan Aeronautical Research Center (BOMARC) missile releasing plutonium to the
environment. This antiaircraft bunker, associated with McGuire Air Force Base, was
located on the Ft. Dix MilitaryReservation. Water used to fight the fire spread the
plutonium over the land surface and into the subsurface. Some equipment was eventually
removed and the area of contamination covered with 'layers of concrete. Many of the
details regarding this accident and subsequent response remain classified.

Cleanup Level Development

On August 7, 2000, the New Jersey Commission on Radiation Standards promulgated
Soil Remediation Standards for Radioactive Materials (NJ.A.C. 7:28-12). These
standards are intended to apply as an ARAR at radiologically-contaminated CERCLA
sites . Minimum remediation standards are based on a 15 mrem total annual effective
dose equivalent (TEDE) limit. This annual,dose limit includes the groundwater pathway
and equates to 1 standard deviation ofthe background levels in the state. This dose limit
was translated to soil concentration limits using an all pathways approach. These soil
remediation standards are increments above background. Average background
concentrations of the radionuclides at a site are determined using MARSSIM
methodologies or other approved methods. The sum of fractions rule applies to sites with
multiple radionuclides.

Derived Concentration Guideline Level's (DCGLs) have been calculated using a
spreadsheet for several individual radionuclides (U-234, U-235, U-238, Ra-226, Ac-227,
and Th-232). These dose-based DCGLs have been derived for unrestricted use
(residential), limited restricted use (institutional controls required), and restricted use
(institutional controls and engineering controls required) using parameters from EPA's
Exposure Factors Handbook and NRC's NUREG 5512. The tables further provide
different values for varying contaminant thicknesses and for varying amounts ofclean
cover.

'fable Values for DCGLs for One Foot of Contaminated Soil (pCi/g)

I
Limited Restricted Use* I

Radionuclide Unrestricted'Use I
Restricted Use i (I-foot cover) i

i Ac-227 3 5 17
Ra-226 3 5 7
Th-232 2 3 15
U-234 62 69 81
U'-235 29 37 62
U-238 54 64 82
*for commercial use; cover must be mamtamed

Sites may petition for alternative remediation standards in lieu of the DCGL tables using
RESRAD or the spreadsheet RaSoRS. These altematesoil cleanup standards must:
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1. Not exceed 15 mrem/year l'EDE;
2. Not exceed 3 pCilL ofradon in indoor air;
3. Not exceed New Jersey Groundwater Quality Standards;
4.. Be derived using standard input values for certain parameters:

II
Parameter Unrestricted Use , Limited-or I

; Restricted Use
Indoor onsite breathing rate (m3/hr) 0.63 I '1.4
Outdooronsite breathing rate (rn3/hr) lAO I '1.4
Soil ingestion rate (g/yr) 70 12.5
Homegrown crop ingestion rate (g/yr) n,136 0

,
Drinking water consumption rate (l/yr) 700 700

I

Shielding factor through building or slab 0.20 0.20
Shielding factor through wall 0.80 0.80
Shielding factor outside T 1 i

Fraction of time spent indoors onsite 0.70 0.18
Fraction of time spent outdoors onsite 0.05 0.05
Soil to Vegetation Transfer Factors
(pC/g wet plant to pCi/g dry soil) :

'fh 1IE-3 IE-3
i i Ra 4E-2 4E-2

i Pb IE-2 l'E-2

I

Po lE-3 l'E-3
U 2.5E-3 2.5E-3
Ac 2.5E-3 2.5E-3

I Pa lE-2 lE-2
I Bi lE-l lE-'l

The U.S. Air Force, which is responsible for the cleanup, derived a cleanup level of 8
pCi/g of plutonium for a ROD which was signed in 1992. 'This activity level was
originally designed to represent a 4 mrem annual dose. Even though this value has not
been reduced to account for other radionculides such as americium ingrowth, it is
acceptable to the New Jersey Department ofEnvironmental Protection since it is
considerably lower than an unrestricted cleanup level based on the State's current dose
criterion of 15 mrem/year (approximately 25 pCi/gofPu). The ROD requires the
removal and offsite disposition of concrete and soils that exceed the 8 pCi/g cleanup
level.

The New Jersey Soil Remediation Standards include a section pertaining to changes in
land use. These requirements state that a "subsequent proposed use ofa property that is
different from the intended use (other than unrestricted use remedial actions) described in
the original remediation proposal shall require a prior review and prior approval by the
Department [of Environmental Protection] ." The Department and affected cities must be
informed of the following:
o the new Iand use compared to the original use;
o additional remedial actions, or engineering or institutional controls to be

implemented;
o a dose assessment analysis;
o new characterization data, such as soil concentrations.
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Contacts

ifenny Goodman
New Jersey Department ofEnvironmental Protection
Bureau of Environmental Radiation
POBox 415
Trenton, NJ 086235-04ili5
Phone (609) 984-5498
Fax (609) 984-5515
Email jgoodman@dep.state.nj.us

Website: www.state.nj.lls/dep/rpp/index.htm
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CASE STUDY: HANFORD S][TE

Background!

The DOE Hanford Site is occupies 586 square miles in the southeastern portion of
Washington State. The site adjacent to the Columbia River ina semi-arid region, and
constitutes one of the prime remaining examples of shrub-steppe habitat. The Site is
divided into 4 different sites listed on the National Priority List, the 100 Area (9 former
production reactors), 200 Area (fuel reprocessing and waste management), 300 Area (fuel
fabrication), and 1100 Area (support and outlying areas).

Hanford is a government-owned, contractor-operated facility, which is part of the
nationwide nuclear weapons complex. Previous operations at the site consisted of
fabrication of uranium fuel for irradiationin production reactors (300 Area), irradiation
of fuel in 8 single-pass and] closed-loop nuclear reactors (100 Area), and recovery of
plutonium and uranium from irradiated fuel (200 Area). Each of the primary
environmental issues has an estimated cost of $500 - $5,000 million:
• interim stabilization of the production reactors (100 Area),
• cleanup ofburial grounds and'Iiquid waste disposal sites adjacent to the reactors (100

Area),
• retrieval and repackaging of spent nuclear fuel (100 Area),
• disposition of the "canyon"-type reprocessing buildings (200 Area),
• closure of 177 waste tanks, including vitrification of the tank wastes (200 Area),
• environmental restoration of waste treatment, storage and disposal areas in the former

fuel reprocessing (200) area,
• environmental restoration of the former fuel fabrication area, including retrieval and

treatment of remotely-handled TRU waste from 2 burial grounds (300 Area).

Cleanup Level Development

The DOE, the 'U. S. Environmental Protection Agency, and the State of Washington
Department of Ecology signed a comprehensive cleanup and compliance agreement: the
Tri-Party Agreement (TPA): on May 15, 1989. Whe TPA prescribes numerous milestones
for interim remedial actions (mAs), including IRA Records of'Decision (RODs). The
RODs typically present chemical specific remediation levels based on the most restrictive
number from different pathways, e.g., (1) protection from direct exposure, (2)
contaminant-specific concentration in soil protective of groundwater, and (3)
contaminant-specific concentration in soil protective of the Columbia River.

The State of Washington Department of Health administers radiation protection standards
as an Agreement State with the Nuclear Regulatory Commission, but current usage of
those regulations is limited to radionuclides in air. The IRA RODs at Hanford have
generally defaulted to a remediation level of 15 mrem for soil, and 4 mrem for
groundwater. The RESRAD model has been used to back-calculate soil concentrations
corresponding to these doses.

The Hanford Site Risk Assessment Methodology (HSRAM) was published in May 1995.
It ensures the use of consistent exposure scenarios, exposure parameters, and computer
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models for IRA risk assessments. However, it is only guidance, and it needs to be
updated because it was based on then-current (1995) EPA Risk Assessment Guidance for
Superfund. The HSRAM has typically been applied on an action-specific (IRA-specific)
basis, and is used to compute remediation levels for particular contaminants ofconcern .
The Native American is an important risk scenario for Hanford, because ofthe
expectation that after remediation the Native Americans will resume hunting, fishing, and
cultural practices at usual and accustomed places. The HSRAM is weak in its treatment
of ecological risk assessment. Typically, ecological risk assessment has been addressed
on either a qualitative basis for particular actions, or has been focused on a specific
contaminant of concern and specific receptor.

The State of Washington Model Toxics Control Act (MTCA), Washington
Administrative Code 173-340, is an Applicable or Relevant and Appropriate
Requirement (ARAR) under OERCLA. Typically, the critical pathway is contaminant
specific concentration in soil protective of the Columbia River, based on
o a provision in MTCA establishing the relationship that concentrations in soil shall be

"equal to less than one hundred times the groundwater cleanup level," and
o an assumed dilution factor from groundwater into the Columbia River.

MTCA tabulates soil cleanup standards and ground water cleanup levels under method A
(tabulated/routine), and cleanup levels can be calculated using the Cleanup Levels and
Risk Calculation (CLARC) risk assessment model for method is (standard/industrial) and
method C (conditional application). MTCA requires cleanup to 10-5 excess risk for
carcinogens (10-6 per contaminant).

The MTCA risk assessment model is not appropriate for calculating risk due to direct
exposure to radionuclides, and the State of WashingtOR has not issued a policy statement
regarding the use ofMl'CA for regulating radionuclid'es. Development of site-wide
radiological cleanup levels is currently in flux. Proposed revisions to MCTA address this
by including a consideration of radionuclides. These revisions to M'FCA also include
additionaltools for ecological risk assessment.

Contact

John Price
Project Manager, Cleanup
Nucl'ear Waste Program, Hanford Project
Department of Ecology
Kennewick, WA 99336-6018
Phone: 509-736-3029
Fax: 509-736-3030
E-mail: jpri461@ecy.wa.gov
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CASE STUDY: JOHNSTON ATOLL

Background

Johnston Atoll is 'located between Hawaii and the Marshall Islands. Oahu, 720 nrn
northwest of the atoll is the closest inhabited island. The atoll originated as a volcanic
island, but is now composed exclusively ofcoral. There were no indigenous peopl'e and
until World War n the island was only occasionally inhabited. Since 1941 the atoll has
been used as a military reservation. The Ato IJi is composed of two islands, Johnston
Island and Sand Island. Johnston Island was originally about 46 acres , but after several
periods of dredging, the area at the time of the nuclear tests was 185 acres. Since the
tests the island has been further enlarged to 625 acres. The atoll has been determined to
have no further defense mission and remains an unincorporated territory oftheU.S.
Operational control' is currently held by the Defense Threat Reduction Agency (D'FRA)
of-the Department of Defense; after cleanup the island will be declared a.wildlife refuge
under the administration of the Fish and Wildlife Service.

The contamination on Johnston Atoll was caused by three separate accidents involving
THOR rockets during high altitude tests of nuclear devices during the summer and fall of
1962. None of the accidents resulted in an accidental detonation of a nuclear device.
One rocket exploded on the pad on Johnston Island distributing coarse plutonium
particles over the immediate area around the launch pad. Two rockets were destroyed by
the range safety officer at altitudes of30,000 feet and 109,000 feet over Johnston Atoll.
The explosion at 30,000 feet definitely contaminated large areas of the atoll, The higher
altitude explosion may also have contaminated the atoll . The most serious contamination
was in the immediate area of the launch pad. During cleanup, some of the material was
placed in the lagoon, along with some debris from the high altitude rocket explosions,
which rained down on the lagoon. Later dredging efforts to expand the island resulted: in
some of this contamination being spread over other areas on the island.

Cleanup Level Development

In the 1980s a cleanup 'level of D.5 pCi/g was adopted. This level was derived for a 10
mrern dose based on EPA draft guidance for soil screening levels (EPA, 1977). That
guidance has now been superceded by the current EPA guidance using lifetime cancer
risk.

The DTRA issued the Johnston Atoll Radiological Survey (i[)TRA, 2000) in January
2000 . Appendix C - An Assessment ofthe Risks on Johnston Island describes how
cleanup levels were developed. RESRAD Version 5.82 program was used to determine
cleanup levels that correspond to specific risk levels in the CERCLA risk range. Instead
of entering a dose limit, the program was run in the cancer risk mode. This mode is not
documented, but the program is fully capable of utilizing cancer slope factors to set a soil
action level. Key model input parameters are listed in Table 4 where they are compared
to parameters used by other sites.

Four separate scenarios were investigated. Two ofthese are similar in that they involve a
cleanup worker and a Fish & Wildlife Service worker. The difference between the two is
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that although both work outdoors in a dustyenvironmentand ingest a large amount of
soil, the cleanup worker also grows a modest amount.of vegetables and because of the
soil disturbance breaths twice the dust (.0002g/m-3

) . The third scenario is an ecotourist
who visits the island for two weeks a year to observe seabirds; therefore his exposure is
less. The last scenario is a homesteader that surreptitiously lives on the island. The study
used a' soil ingestion rate .of 73g1yr for the two worker scenarios and 36g1yfor the
homesteader. The EPA Exposure Factors Handbook recommends 18g1yfor adults while
the RESRAD default value is 36g/y. Based on this the values are conservative. Total
excess cancer risk was calculated by the RESRAD code using cancer risk factors from
the 1997 HEAST (EPA, 1997). The risk is greatest in the first year for all exposure
scenarios. The estimated total excess lifetime risk per pCi/g of TRU alpha exposure
results are given in the table below:

Allowable Residual Soil!Concentration (pCilg of TRU alpha)

Fish & Wildlife jAResident Eeo'I'ourist I Homesteader
Cancer Risk

Service Worker

IE-06 2.1 1.9 38 0.32 I
IE-OS 2 ~ 119 380 3.2

I
IE-04 210 190 3800 32

If the pathways that produced the risks are examined, the ingestion pathway, especially
soil:ingestion, dominates.

I Fish & Wildlife
I EcoTourist I Homesteader

Worker
JA Resident

, Pathway I I

Inhalation 4.9% 9.3% 1.8% 3.7%
Soil Ingestion 86.9% 82.2% 16.1% 34.9%

! Plant Ingestion 0% 0.7% 0% 56.6%
! External Exposure 8.2% 7.7% 82.1% 4.6%

Following the release of its Johnston Atoll Radiological Survey, DTiRAproposed a
cleanup standard of 40 pCi/g, which is approximately 2.1 x 10-5 risk toa hypothetical!
resident.

In September 2000 EPA Region IX responded to the DTRA's proposed cleanup standard
and risk assessment (EPA, 2000). EPA concluded that "the Johnston Atoll radiological
risk assessment conforms with the standard and uniform methods for the evaluation of
site-specific risk" and that the exposure parameters used are reasonable and appropriate.
Any ofthe values calculated for the three risk levels are consistent with EPA 's policies.
'In determining a reasonable maximum exposure (RME), EPA rejected the homesteader
scenario as overly conservative because of the seventy-year exposure duration, the
remote location, and the lack of potable water and productive soils . The eco-tourist was
considered insufficiently conservative, since the U.S. Fish and Wildlife Service planned
to remain on the atoll. The other two scenarios are nearly identical and EPA selected the
resident to represent the RME for an individual.
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EPA recommended a cleanup level of 13.5 pCi/g, the historically used value, which
equates to a 7.1 x i 0-6 risk to a resident. EPA considers this value ALARA, since DTRA
had previously achieved this level, and believes this lower level will help to account for
the presence of other contaminants, such as dioxins, PCBs, and lead.

Remedial Actions

The island has undergone several previous cleanup attempts. In i 962 , the debris from the
destroyed rockets and some surface coral was loaded into landing craft and disposed of at
sea. The Iess contaminated soil was dumped into the Iagoon. No formal cleanup
standard was used to determine the extent of the cleanup. Two years Iater the lagoon was
dredged and most of the contaminated soil was incorporated into the island. At the end
ofNovember 2000, the U.S. Army announced that all of the 400,000 chemical weapons
that had been stockpiled on Johnston Atoll had been destroyed. The disposal facility
used for the project win be shut down and the islands turned over to the U.S. Fish &
WildIife Agency.

Contacts

John Esterl, PhD.
DTRAlNSIAE
1680 Texas St. SiB
Kirtland AFB, NM 87I 17
Phone: 505-846-5422
E-mail: esterlj@ao.dtra.mil
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CASE STUDY: LINDE SITE

Background;

The Linde Site is located in the Town of Tonawanda, New York near Buffalo. From
1942 to 1946 (or 1948 according to some records), this .site was used for separation of
uranium ores from Colorado and the Congo under the Manhattan Engineering District
(MED). Ores were processed in three phases: I) uranium separation from the ore; 2)
conversion ofU308 to uranium dioxide; 3) conversion ofU02 to UF4. Theprincipa]
contaminants ofconcern resulted from the first processing phase; residues from the other
phases were recycled. Disposal ofprocessing wastes from the Linde property also
contaminated three other sites in Tonawanda. Radioactive contamination occurs in
processing buildings, surface and subsurface soils, and in sediments in sumps and storm
andisanitary sewers. Also, approximately 55 million gallons of waste effluent containing
dissolved uranium dioxide were injected into the subsurface through seven wells during a
three-year period. The Remedial Investigation (iBNI, 1993) concluded that subsurface
radioactive contamination probably occurs as minor amounts of immobile uranyl sulfates
and carbonates precipitated in the underlying shale.

Cleanup Level Development

The Army Corps of Engineers became the lead regulatory agency for the Linde site in
1998 when Congress handed the Formerly Utilized Sites Remedial' Action Program
(FUSRAP) to the Corps. DOE had previously handled the cleanup effort and had issued
a Proposed Plan in '1993, which called for a cleanup level of 60 pCi/g for uranium. The
EPA has an advisory role at the site since it is not an NPL site; the state exercises Safe
Drinking Water Act authority.

In accordance with the NCP requirement that selected remedies must comply with
ARARs, the Corps reviewed the Uranium Mill Tailings Radiation Control Act
(UMTRCA) for applicability. Standards in UMTRCA (40 OFR Part 192) are not
considered applicable since the regulation only applies to specific sites designated in the
Act. The Corps, however, determined that UMTRCA is relevant and appropriate to the
Linde Site cleanup since the processing activities and radionuclides in the resulting
wastes are similar to those at uranium mill sites. In a new Proposed Plan issued in March
1999, the Corps calculated new cleanup levels based on UMTRCA. Subpart B of40
CfR 192 addresses cleanup of soil and buildings and sets standards for residual
concentrations of Ra..226 in soil. Radium concentrations cannot exceed background by
more than 5 pCi/g in the upper 15 ern of soil or 15 pCi/g in any 15 em layer below the
upper layer, averaged over an area of 100 m2.

In addition to UMTRCA requirements, the Corps also developed cleanup levels for
various risks and doses (USACE, '1999). That assessment used the RESRAD computer
code (version 5.782) and considered the most Iikely future land use to be the site's current
industrial/commercial use.
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RESRAD-Calculated Estimates for the CommercialfIndustrial Exposure Scenario
MAt bl D d Ri k L' itto eet ccep1a e ose an s 11m s

I Residual Concentration (pCi/g)
I

10 mrem/yr 25 mrem/yr 10-4 risk

I

II Radionuclide
6-in. ! No cover I 6-in. No cover 6-in. No cover

i
cover cover ! I cover

Ra-226 37 5.7 92 i 4 25 6.1

I'ifh-230 107 16 267 41 71 11

I Th-232 23 3.9 58 9.8 16 2.8
U"-tota] (1) ~,888 629 4,720 1,572 7,400 6,200
(1) 'Fetal urarnum mcludes U-238, U-235, and U-234 at natural concentration ranos (1.0/0.05/1.0
respectively)

Future Industrial/Commercial Worker
RESRAD Parameter Value I Units , I

; Area of impacted zone 2,000 m2

i, Thickness ofimpacted zone 3 m
, Cover depth 0; 0.15 m I

Inhalation rate 8,400 m3/yr
I

I

Mass loading for inhalation I 0.0001 g/nr'
I

Exposure duration 25 Iyr
Shielding factor, inhalation 0.4 - I

Shielding factor, External gamma 0.7 - I

fraction of time indoors 0.2 -
fraction of time outdoors 0.03 -
Soil ingestion rate 18.25 g/yr
Drinking water intake 0 L/yr

In response to public comments, the Corps redefined how cleanup levels were derived.
Subsequent to the cleanup levels calculated for the radiological assessment, a new
amendment to 10 OFR 40, Appendix A, Criterion 6(6) was promulgated, which
addressed areas contaminated with radionuclides in addition to radium. This criterion
states that post-remedial radioactive contamination, considering all radionuclides
including radium, cannot result in a total effective dose equivalent (TEDE) to the average
member of the critical group exceeding the benchmark dose after cleanup to the 40 CFR
Part 192 standards for soils contaminated with radium only. The benchmark dose for .
surface cleanup was derived by dividing the 10 mrem/year (with no cover) by the 5.7
pCi/gofRa-226 associated with that dose, and then multiplying the result by 5 pCl/g of
Ra-226. This results in a benchmark dose of 8.8 mrem/year for surface cleanups. The i 0
mrem values for Th-230 and total uranium were used to calculate allowable
concentrations for those radionuclides. The same methodology was used to derive a
benchmark dose for subsurface cleanup levels as well.
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k D (Ci/)dB hLO ° f I dibl R id rcAllowa e eSI ua oncentration I Irmt or n Icate enc mar I osetp i«

I
Surface Soil I Subsurface Soill

Radionuclide 8.8 mrem/vr 4.1 mrem/vr
Ra-226 5.0 15
Th-230 14 44
U-total 554 3,021

This new method of deriving cleanup levels resulted in a more stringent cleanup for total
uranium than was required in the Proposed Plan. Radionuclide concentrations remaining
in soils averaged over] 00 square meters must be below these levels. ifmore than one
residual radionuclide is present in a 100 m2 area, the sum-of-the-ratios methodology wil l'
be applied. The ROD also commits that no concentration (hotspots) of total uranium
greater than 600 pCi/g above background will remain in site soils.

The ROD for the Linde site was signed in March 2000 by the Corps' Deputy
Commanding General for Civil Works. The EPA Region II and State of New York
(Department ofEnvironmental Conservation and Department of Health), however, have
refused to support the cleanup levels designated in the ROD. The agencies disagree with
these levels for several reasons:

o Since the site will not be government-owned, only a residential-based assessment
will protect against future changes in ownership.

o The current industrial/commercial use is not sufficiently protective of future uses.
o The cleanup level' calculations exclude a groundwater pathway.
o The ALARA concept was not incorporated.
o The calculations are not consistent with NRC guidance.
o The calculations do not consider state guidance in Technical & Administrative

Guidance Memorandum (TAGM) #4003 , which limits exposure of maximally
exposed individuals to 10 mrem/year:

The Corps expects that its remedial actions will lower the average activity levels due to
residual contamination to about 60 pCi/g for uranium and 5 pCi/g for radium. The State
would accept this level ofcleanup, which is the I'evel originally presented in the 1993
Proposed Plan. The State plans to require a Radioactive Materials License for any future
landowner if the residual radiation is greater than .05%by weight. EPA's position is that
the cleanup level should be below 100pCi/g, a level "consistent with cleanup levels at
other CERCLA radiation sites."

Contacts

Arleen Kreusch
US. Army Corps of Engineers
Buffalo District
Phone: 716-879-4438

Paul Giardino
indoor Air and Radiation Branch
Environmental Protection Agency Region II
Phone: 212-637-401O
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Paul Merges
Bureau ofRadiation & Hazardous Site Management
New York Department of Environmental Conservation
Phone: 518-457-9253
Email: pjmerges@gw.dec.state.ny.us

Website: http://www.lrb.usace.army.milVfusrap/linde/index.htm
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(61) 02 9545 8300·
arpansa@health.gov.au
http://www.arpansa.gov.au/er_IIlIip.htm

CASE STUDY: MARALINGA, AUSTRALIA

Background

Between 1955 and 1963, the United Kingdom conducted a series of nuclear weapons
tests at Maralinga, including seven nuclear explosionsca:11ed "major trials". The sites of
these major trials no longer present any significant health risk, because all the
radioactivity released in these explosions was either dispersed throughout the world or
has sufficiently decayed since (ARPNSA, 2000) . Plutonium contamination was spread
locally as a fine dust, as small submillimeter-size particles, and as surface contamination
on larger fragments by several hundred "minor trials". These consisted! ofradioactive
materials exploded with conventional explosives, similar to the "safety shots" conducted!
at the Tonapah Test Range in Nevada.

Cleanup Level Development

The selected remedy involves removing 10 millimeters of soil from the areas ofworst
contamination and restricting access to 120 km2 of land. The contaminated soiland
debris is buried in trenches on-site under at least 5 meters of fill, Unknown amounts of
contaminated debris in 21 pits will be vitrified in-situ. Cleanup criteria were set by using
"conservative principals" and by estimating doses for "realistic scenarios" (ARPNSA,
2000). These include Aborigines living just outside the controlled areas and hunting
inside them. The highest activity allowed outside of controlled areas is 20 - 35 kBq/m2

(about 540 - 950 pCi/m2
) ofPu-239 depending on the particular site, which is calculated

to produce a 5 mSv (500 mrem) annual dose.

Because it is relatively easy to detect in the field, Am-241 is used to indicate
concentrations ofPu-239. Ratios ofPu-239/Am-241 vary from site to site and! even from
test to test at a single site. Therefore, Pu-239/Am-241 ratios have been determined for
every cleanup area. Actual soil removals are delineated by activity Ievels for Am-241
that are specific for that particular area based on these ratios.

Contacts

The Manager
Rehabilitation and Radioactive Waste Policy Section
Coal and Minerals Division
Department of Science Industry and! Resources
GPO Box 858
Canberra ACT 2600
AUSTRALiA

Australian Radiation Protection and Nuclear Safety Agency
Dr. John Loy
Phone:
Email:
Website:
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CASE STUDY: NEVADA OPERATIONS

Background

The Nevada Test Site (NTS) isa U.S. Department of Energy (DOE) installation
occupying approximately 1,350 square miles (882,332 acres) in southeastern Nye
County, Nevada. The site is situatedabout 65 miles (105lan) northwest of Las Vegas,
Nevada. The NTS is larger than the State ofRhode Island and site features include
deserts, playas, and mountainous terrain. NTS was established in 1951 as the nation 's
proving ground for testing and development ofnuclear weapons. Between 1951 and
1992, the federal government conducted just over 900 nuclear;tests at the site; 100 of
these tests were conducted above ground. The NTS is surrounded by thousands of
additional acres withdrawn from the public domain for use as a protected wildlife refuge
and for military gunnery ranges, creating an unpopulated land area comprising some
5,470 square miles.

Contaminated soils and groundwater at NTS resulted from years ofnuclear testing and
from various research and development projects and radioactive waste disposal programs.
Because NTS was used for both atmospheric and underground nuclear testing, it is not
possible to fully define the level of residual contamination that remains from the
atmospheric testing program. Nevertheless, the number of curies generated from above
ground testing was estimated at about 6 billion. Obviously, most of the fission products
and other short-lived nuclides released from above ground testing were dispersed into the
atmosphere and have since decayed away. 'Longer-lived radionuclides remain in the soil
and physical structures at the site. The primary radioactive isotopes that remain from
above ground testing include americium, plutonium, cobalt, cesium, strontium, and
europium. Underground testing left an estimated source term of 300 million curies in the
environmental media (soil and groundwater). In terms ofabsolute volume, the NTS
contains more contaminated media than any other site in the DOE weapons complex.

NTS currently functions as a major low-level waste disposal facility for both onsite and
off-site generated defense Iow-level waste, as well as for storage oftransuranic (TRU)
waste. Two active waste management sites are located on NTS. The Area 5 disposal
site, established in 1961, is a traditional engineered shallow Iandfill disposal facility. The
Area 3 disposal is comprised of four subsidence craters with areas between the craters
excavated to make two oval-shaped landfill units. On average; each year NTS receives
about 750,000 ft3 of low-level waste from l7 approved waste generators.

In addition to contamination caused by the detonation of nuclear devices and waste
disposal operations, a significant amount of contamination in the form of muck piles,
ponds, sumps, injection wells, inactive tanks, leach fields, waste site, etc. are present on
the NTS'. These sites remain as by-products of nuclear testing, various research and
development programs, and related support activities. These chemical and radioactive
contaminated areas, which number in excess of 2,000, are referred to as industrial sites.

DOE also conducted numerous "safety" experiments at five locations on the Nellis Air
Force Range and at two locations on the NTS. While these experiments did not produce
nuclear explosions, they did create significant surface contamination. These tests were
conducted to determine the behavior ofnuclear weapons in conventional explosive
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accident scenarios during handling, storage,and transport operations. Safety tests were
also conducted to determine the size and distribution ofplutonium particles that might
result from fires and conventional explosive accidents involving nuclear weapons. Some
of the experiments determined the biological uptake of plutonium by various species of
animals and plants. According to DOE, the depth of contamination at these soil sites may
vary, but probably is one foot or less at any given site. DOE has estimated that these
safety experiments contaminated about 2,885 acres with plutonium at Ievels in excess of
40 pCi/g.

Cleanup revels have been developed for the safety experiment Iocations known as Clean
Slate Sites 1,2, and 3. These sites are located on the TonapahTest Range in the
northwestern part of the Nellis Air force Range, 240 miles northwest of Las Vegas.
These sites became contaminated as a result of Project Roller Coaster experiments
conducted in May and June of 1963. These experiments, known as "safety shots",
detonated simulated nuclear weapons using conventional: explosives, primarily to study
the dispersion of plutonium. Residual radioactive contamination in the surface soil
consists ofweapons grade plutonium, depleted uranium, and their radioactive decay
products. Concentrations of these radioactive materials at the Clean Slate Sites range
from background to more than 12,800 pCi/g. Extensive radioactive monitoring has
shown that:

e Approximately 40% of the original source term was vaporized, released to the
atmosphere, and distributed onto the soils in the vicinity at very low levels, not
distinguishable above background.

o Only about 60% of the initial source term remained on the Clean Slates Sites and
only a fraction ofthat in the surface soil.

o Sur:ficial distribution of the radionuclidesis not uniform. Soil samples taken only
a few meters apart can differ in plutonium concentration by up to four orders of
magnitude.

e Most of the highly contaminated material was found close to ground zero.
o Uranium and plutonium particles became attached! to soil particles by melting of

the sols and formed a silicate glass.
o Soil measurements demonstrate a mean Pu-239:Am-241 activity ratio ofl2.7:1,

from which a source term ratio of 14:] is assumed.
o There has been no significant migration of radioactive materials by wind or

surface water.
CI In areas outside ground zero,contamination is usually limited to the upper [ em

and 2 to 3 em around the base of plants.
e Groundwater is more than 55 meters (180 ft.) below the ground surface and has

not been impacted by radionuclides from Clean Slates experiments.

Development of Cleanup Levels

The regulatory process established for DOE's Environmental Management (EM)
program at the NfS is detailed in the federal Facility Agreement and Consent Order
(FFACO) signed May 10, 1996 between the State ofNevada, Division of Environmental
Protection, the Department of Energy, and the Department of Defense. In that
agreement, DOE asserts its authority for conducting EM program activities under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
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the Atomic Energy Act, and Executive Order 12580, "Superfund Implementation." In
addition, both DOE and the State acknowledge that the FFACO is subject to other
authorities including the Solid Waste Disposal Act, which includes both the RCRA and
the Hazardous and Solid Waste Act; the Nevada Revised Statutes, including the Nevada
Water Pollution. Control Law, the Nevada Hazardous Waste Law, the Nevada
Administrative Code, the Nevada Administrative Procedure Act; and all other applicable
provisions ofstate and federallaw. Furthermore, as part ofthe FfACO, the State of
Nevada has stipulated ·that it retains al] of its hazardous waste and clean water authorities
and legal rights delegated by the EPA and under its own laws and regulations as well. As
for DOE, the FFACO stipulates that the agency does not waive any claim ofjurisdiction
over matters that may be reserved to it by law, including the Atomic Energy Act.

Achieving closure of contaminated sites on the N'IS is accomplished through a regulatory
scheme defined under the FfACO. This agreement contains a detailed process or
Corrective Action Strategy for planning, implementing, and completing environmental
corrective actions. The process is designed to produce decisions for closure of
contaminated sites. In general, site closure activities at the NTS are being pursued to
address the following sub-project areas:

1.. Off-Site Corrective Action Units (Project Shoal and the Central Nevada Test Area
underground nuclear test sites):

2.. Soils Media Corrective Action iUnits (including sites on the Tonopah 'fest Range
and Nellis Air Force Range Complex):

3.. iUnderground Test Areas (iUG'ifA) Corrective Action Units (nuclear shot cavities):
4.. Industrial Sites Corrective Action Units (includes Defense Special Weapons

Agency sites and decontamination and decommissioning projects):

This report will focus on the Soils Media Corrective Action Units, where surface soil
cleanup levels have been developed for radionuclides, Cleanup levels are established as
"guideline concentrations" in the Radiological Dose Assessmentfor Residual Radioactive
Material in Soil at the Clean Slate Sites 1, 2, andS, Tonapah Test Range (DOE, ]997).
Guideline concentrations are concentrationsof radionuclides in soil that are acceptable
for specific future uses without restrictions due to residual radioactivity. Guidelines for
the Clean Slate sites comply with the basic dose limits in DOE Order 5400.5, Radiation
Protection ofthe Public andthe Environment (DOE, 1993). This Order establishes a
radiation dose criterion of] OOmremlyear, which is the DOE primary standard dose rate
for members of the public and which conforms to the ICRP's recommended dose rate for
the public. This radiation dose is defined as the effective dose equivalent from external
radiation plus the committed effective dose equivalent from internal radiation. Order
5400.5 further defines residual radioactivity as concentrations in excess ofbackground
averaged over an area of 100 m2

.

The dose assessment for the Clean Slate sites (DOE, 1997) reviewed several dose
analyses previously performed in the area of the Nevada 'fest Site and compared the
calculated guideline concentrations and their associated doses. Each of these analyses
used different exposure scenarios and parameter values. Although these analyses varied
in their assumptions, the general conclusion reached by the dose assessment was that an
average activity Ievel of 200 pCi/g would assure that the public dose limit of 100
mrem/year would be met. Four human exposure scenarios were evaluated by means of
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an environmental pathway analysis performed by a forward calculation of the RESRAD
computer code:

• rancher,
., farmer,
• rural resident, and
., industrial worker.

The two agricultural scenarios were considered implausible, but were included for
completeness. Even so, the maximum CEDE calculated in the dose assessment, 47
mremlyear to a rancher, is Iess than half the basic dose limit. The rural residential and
industrial worker scenarios were included because they were established as part ofEPA's
proposed cleanup regulations (EPA, 1996). This proposed regulation was not considered
to be applicable to DOE operations, but were included for comparison. Calculated CEDE
values for both these scenarios were less than the] 5 mrem/year dose limit in the
proposed EPA regulations.

Dose to Hypothetical Individuals Exposed ,to
200pCilg at the Clean Slate Sites (mrem/yr)
Scenario Clean-Slate Clean Slate I Clean Slate

1 I 2 3
Rancher 47 47 46
Rancher child 23 23 22 i

Farmer 12 12 12
Rural Resident 13 13 13
Industrial Worker 4.5 4.4 4.4 :

S~ Et ValK Pev : arame er ues or .xposure cenanos

I

Rural
I

Rancher
I

Farmer Industrial' Child
Parameter (units) Resident I Worker
Exposure fre~uency (day/yr)

I

341 341 341 250 330
Inhalation (m /day) 20 22 22 12.6 12.3
Soi] ingestion (mg/day) , 120 131 129 50 24
Exposure time indoors (h/day) ~4.9 9 9 I 8 18.4
Exposure time outdoors (h/day) 0.4 15 15 2 5.6
Shielding factor - indoor inhalation 0.4 I I' 0.4 0.4
Drinking water ingestion (Llday) 1.4 1.86 1.86 0.875 0.32
Leafy vegetable ingestion (g/day) 29.5 29.5 29.5 0 18.5

,

Vegetable/fruit/grain ingestion
(g/day) 354 354 353 0 397 I

I

Milk ingestion (Uday) 0.61 0.61 0,61 0 i .18
Meat/Egg ingestion (g/day)

,

274 274 274 0 153,
I,

For the purpose of calculating guideline concentrations, the Pu-239/240:An1-241 ratio is
assumed be 14:1 and the depth ofcontamination is assumed to be 5 em.
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Remediation requirements for the Clean Slate sites are:
r. average soil concentrations over any '100 m2 area must not exceed!200 pOi/g,
2. plutonium hotspot concentrations averaged over an area of 25 m2 or less must not

exceed the guideline concentration by a factor of (1OO/hotspotarea in meters)0 .5

(DOE Order 54005, Ohapter IV, Section 4.a.(1)),
3. reasonable efforts must be made to remove any source of radionuclides that

exceeds 30 times the guideline levels, regardless of the average concentrations.

These cleanup guideline levels were appIied to cleanup activities at the Olean Slate 1,2,
and 3, Double Tracks, and Project 57 sites . Several unresolved issues remain concerning
discrepancies among the verification data.

Current Issues

Future uses for the NTS and surrounding ranges will require controlled access: nuclear
test readiness, nuclear and high explosive testing, research and technology development,
radioactive waste management, Yucca Mountain site characterization, spill testing,
security and monitoring operations, etc. The U.s. Air force is proposing an indefinite
public land withdrawal for the TTR and the Nellis Range, and while only a small fraction
of the 3.1 million acres that encompasses these ranges is contaminated, restricted public
access to both ranges is maintained. In 2000, the Air force obtained congressional'
approval' for the renewal of the Nellis Range for another 25 years, as required under
federal law (P.L. 99-606).

Ongoing negotiations between the State, the Department ofDefense, and DOE indicate
these soil contamination areas would be remediated to a dose receptor limit of 25
millirem. According to the NTS EIS [pA-96], these areas total about 1,670 acres . State
officials recognize that clean closure of these sites would be cost prohibitive and
generally impractical given both current and expected land uses. Since complete cleanup
of the NTS is not considered cost effective or practical in the near term, the federal
government will be required to maintain a.long-term surveillance and maintenance
program at the site for the foreseeable future .

To address the question of "how clean is clean for what use", DOE is developing a
comprehensive Resource Management Plan (RMP) for the NTS. Development of the
RMP was undertaken as part ofthe recently completed Nl'S Site-Wide Environmental
Impact Statement (EIS). DOE also made a legal commitment in the NTS-EIS ROD to
complete the RMP. In part, the RMP win address site closure of contaminated sites, at
least in terms of major land-use categories. The plan will likely address the designation
of alternative land-use areas such as "land-use zones" set aside for nuclear testing,
radioactive waste management, alternative non-defense uses, and open space.

NDEP is currently negotiating with the Department ofEnergy and the Department of
Defense (specifically the U.S . Air Force) to develop acceptable remediation standards
based on a 25-mrem annual dose to current, as well as future, land users . RESRAD
(version 5.61) was used to model industrial worker and construction worker scenarios.
Values for the remaining scenarios used spreadsheet calculations, which were considered
a more appropriate method since the Air Force personnel exposures have such short
duration. These calculations assumed a Pu-239:Am-241 activity ratio of 12.7:1. Besides
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the different proposed scenarios, differences between these proposed! cleanup level's and
the guideline levels developed for the Clean Slate sites include the use of various dose
limits and the use of dose conversion factors from [CRP Publications 68 and 72.

RL Iii bNIrAiFCId PIp repose utonlum eanup eve s or t e e IS r : orce.: anze
I Annual Dose I Cleanup Level'

I,Scenario Iimit (mrem/vr) i (PCil2)
I Industria] worker 25(1)

II

54,000
Bomb detonation (USAF) 100 (2) 125,000

;Bomb detonation (civilian child) 10 (3) 27,000
Munitions removal! 100 (2) 700,000

. Aircraft crew 100 (2) 825,000
;Ground troops 100 (2) 2,000
. Ordinance EOD (USAF) 100 (2) ]50,000
Ordinance EOD (civilian child) 10 (3) 27,000

I Construction worker 25 (1) 68,000
i Offsite resident 10 (3) 10,000

t I ) NRC radiation dose limits for members of the public
(2) Dose limit to members of the public from Air Force operations; dose limit to

occupational Air Force workers is 5,000 'mrem/year
(3) NESHAP ,10 mrem/year dose criteria

The Nevada Risk Assessment Management Program is conducting an independent
sensitivity analysis of the RESRAD model input parameters. NDEP has requested
information and documentation from DOE as follows:

eair sampling data;
• resolution of the differences in values between the KIWI, flyovers, and the

segmented gate system for residual soil contamination;
• the proposed! remediation value and subsequent dose rates;
e Air Force (Brooks) written acceptance ofDOE proposed actions;
• Air Force written acknowledgment of liability for proposed residual

contamination to be left in place; and
• RESRAD parameters with justification.

Contacts

Monica Sanchez, Project Manager
Soils Media Operable Unit Subproject
DOE-Nevada Operations Office
P.O. Box 98518, MIS 505
Las Vegas, NV 89193-85~8

Paul J. Liebendorfer, P. E.
Chief, Bureau of Federal facilities
Nevada Division of Environmental Protection
333 W. Nye Lane, Room 138
Carson City, NV 89706-085 ]
Phone: 775-687-4670, ext. 3039
Fax: 775-687-6396
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Karen K. Beckley
DoD/DOE Programs Supervisor
Bureau of federal Facilities
Nevada Division of Environmental Protection
333 W. Nye Lane, Room 138
Carson City, NY 89706-0851
Phone: 775-687-4670, ext. 3033
Fax: 775-687-6396
E-mail: KBeckley@ndep.carson-city.nv.us

Mike McKinnon, P.E., CHP
DOE Programs-Las Vegas Office Branch Supervisor
Bureau of Federal Facilities
Nevada Division of Environmental Protection
555E. Washington Avenue, Suite 4300
Las Vegas, Nevada 89tol
Phone: 702-486-2874
Fax: 702-486-2863

John Walker
DOE/DoD PlanningIPolicy Coordinator
Bureau of Federal Facilities
Nevada Division of Environmental Protection
333 W. Nye Lane, Room 138
Carson City, NY 89706-085 i
Phone: 775-687-4670, ext. 3027
Fax: 775-687-6396
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CASE STUDY: MELTON VALLEY WAl'ERSHED - OAK RIDGE
RESERVATION

Background'

Since it was created as the Clinton Engineer Works in 1942, Oak Ridge has been a major
contributor to the U.S. nuclear weapons and energy programs. The Oak Ridge
Reservation is a direct outgrowth of facilities built for the Manhattan,Project, the Army's
top-secret program to develop nuclear weapons. The Army COli'S of Engineers
constructed three distinctly separate facilities on approximately 54,000 acres. They were
identified as X-W (extracted plutonium from irradiated fuel; currently known as the Oak
Ridge National Laboratory), Y-12 (produced enriched uranium and weapons
components), and K-25 (gaseous diffusion facilities; recently renamed the East
Tennessee Technology Park).

The Melton Valley area of the Oak Ridge Reservation is located south of the Oak Ridge
National Laboratory and encompasses 1062 acres. Primary drainage flows from the
watershed to the Clinch River via White Oak Creek. A significant portion of the valley is
contaminated with the diverse legacy of radioactive and hazardous waste. Contaminants
ofconcern cover the entire radionuclidespectrum. from a soils clean-up perspective,
Cesium 137 and Cobalt 60 are regarded as the most significant radionuclides becauseof
the high energy of gamma radiation that these radionuclides emit and their prevalence in
the soil;

The Melton Valley watershed contains numerous radioactive and hazardous waste units.
These units include low level waste (LLW) trenches and pits, active waste storage .areas,
construction 'landfills, underground and! above grade tanks, impoundments, deep well
injection (hydrofracture), buried! pipelines, and contaminated buildings. from 1943 to
1986, the valley was used for radioactive waste disposal and as the Southern Regional
burial ground, the valley received waste from across the complex from 1955 to 1963.
Since 1986, the area has been used for active waste management. A brief description of
these units is provided! below:
LLW - Areas ofMelton Valley were used as early as 1943 for the shallow land burial of
low level waste (LLW). Early procedures used unlined! trenches and auger holes for
waste disposal. When filled, these areas were covered with soil, or in some cases,
concrete. Burial in the unlinedtrenches and auger holes was discontinued in 1986.
Active Waste - A portion of the valley is being used for storage of active waste
management materials. These materials include WRU waste, low-level waste, and spent
nuclear fuel. The materials are stored in concrete silos, above grade storage units,
buildings, tents , and above grade tanks.
Landfills - There are several construction debris landfills in Melton Valley. These areas
received! bulk material and equipment that was not considered Ll,W.
Tanks - All tanks in Melton Valley are constructed of steel. The newer tanks have
cathodic protection to prevent corrosion and have secondary containment. Older tanks
are single walled steel tanks. These tanks received concentrated liquid LLW for
underground!storage. Several of the tanks have already been remediated under early
actions and the rest are scheduled for remediation under the Bethel Valley ROD.
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Impoundments - Several impoundments are located in Melton Valley. These
impoundments were used to store wastewater and! for direct storage of liquid ilLW. Most
ofthese impoundments are unlined.
Deep Well Injection - The Hydrofracture facility pumped over 1.5 millioncuries of
radioactive material (primarily Cesium-137 and Strontium 90) into hydraulically
fractured rock 800-1000 feet deep. Monitoring wells that were installed during operation
are scheduled to be plugged to prevent upward migration ofhighly contaminated liquids.

Cleanup Level Development

Cleanup Ievels are specified for each project in a ROD. A OERCLA-based approach,
using the RESRAD computer code to generate health-protective levels, is followed. The
State, DOE, and EPA work together through the Federal Facilities Agreement, signed! in
1992, to develop these cleanup levels and to consistently apply ARARs. The Clean
Water Act, State Water Quality Control legislation, Clean Air Act, DOE Orders, and to
some extent the Drinking Water Act are examples ofARARs considered for some
cleanup levels.

The fact that there wil] be a period of effective institutional controls is factored into the
development of cleanup levels for short-lived radionuclides. At the end of a set period of
time, levels win be below the established acceptable risk. Consideration is also given to
in-growth of progeny in long-lived radionuclides to establish acceptable risk beyond an
institutional control period.

The Melton Valley ROD remediation level approach incorporates a concept of
aggregating risk over an entire exposure unit. DOE has proposed, and the State of
Tennessee and EPA have agreed, to identify exposure units within the boundary of
Melton Valley over which the receptor is assumed to roam. Remediation levels are the
lesser of risk-based and dose-base values calculated with RESRAD using agreed upon
risk exposure assumptions for an industria] worker scenario. This scenario assumes a
worker spends eight hours onsite per day for 250 a year over 25 years, inhales wind
generated dirt (8 hours/day), is exposed to external irradiation (8 hours/day), and! has
derma] contact with radionuclides.

For the industrial areas of Melton Valley, two important assumptions are made in the
exposure scenario with regard to time, The first calculation is based upon the receptor's
risk aggregated over the exposure unit for an entire working year (2000 hours per year).
The second calculation ,is based upon the receptor being exposed to a particular location
or hotspot (200 hours per year). The remediation level (soil cleanup Ieveljwill be
determined by the most protective of the two calculations. The risk calculations will
consider both decay and ingrowth of daughter radionuclides over the exposure duration.
Where multiple radionuclides are encountered, the sum of fractions will be.applied to
develop appropriate cleanup numbers for each contaminant. In addition, any source,
regardless of depth, that regulators determine is causing a significant impact to
groundwater or surface water will be remediated. This approach provides for risk-based'
decisions on soil cleanup that can be adapted to a variety of sites with differing land uses
and contaminants. Cleanup 'levels for various individual radionuclides are presented in
the following table.
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v II CIMIo kRid'a I [2e- 1 e ton a ey eanup I eve s
Risk-based Dose-based

,

Principal remediation remediation
Basis of

Selected
Contaminant of concentration- - concentration -

Selection
Cleanup Level

:Concern llE-4 ELCR 25 mrem/year (pCilg)
(pCill!) (pCill!)

ICesium-137 14 40 I Risk 14
' I

, Cobalt-60 7.4 8.4 I Risk 7.4
: Curium-244 2300 950 I Dose 950 ,

I Europium-154 11 18 I Risk 11 I

Lead-210 450 ! 270 I Dose 270 I

Radium-226 Alternative Concentration 5 ,

Radium-228 Alternative Concentration 5 I

Strontium-90 ]200 I 3400 I Risk 1200 I

Thorium-228 Alternative Concentration 5
Thorium-232 Alternative Concentration 5 I
Uranium-233 5100 I 5500 I Risk 5100

,
, I

Uranium-234 6500 I 6000 I Dose 6000 !

I Uranium-235 81 I 1,70 I Risk 81 I
I

IUranium-238 310 850 I Risk 310i
,

Consideration must be given to the fact that under this approach, cleanup numbers for a
particular radionuclide may vary from one exposure unit to the next, but aggregate risk
levels will be the same or similar.

Issues associated with implementation of field remediation of soils using this approach
will require more work between the State, EPA, and DOE. Work plans wiH have to
contain information on the field techniques that will be used to verify that cleanup has
been achieved without imposing significant delays in the remedial actions.

Subsequent CERCLA documents at Oak Ridge are adopting variations of this approach
for remediation of radioactively contaminated soils.

Remedial Activities

The Melton Valley iRODwas signed on September 21, 2000. The ROD requires
approximately $164 million dollars of remediation over the next decade . The
remediation of Melton Valley will involve a complex mix of protective caps, hydraulic
isolation, D&D,and soils removal.

Contacts

Robert Jolley, Environmental Specialist
Division ofDOE Oversight
Tennessee Department of Environment and Conservation
761 Emory Valley Road
Oak Ridge, rn 37830
Phone: 865-48i-0995
E-mail: rjolley@mail.state.tn.us
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Doug McCoy, Federal Facilities Project Manager
Division ofDOE Oversight
Tennessee Department of Environment and Conservation
761 Emory Valley Road
Oak Ridge, IN 37830
Phone: 865-48] -0995
E-mail: dm.ccoy@mai1.state.tn.us
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CASE STUDY: SRL SEEPAGE BASINS - SAVANNAH RIVER SITE

Background

The Savannah River Site (SRS) is one of several government-owned, contractor-operated
sites in the US. Department of Energy's (DOE) nuclear defense complex. Construction
for the SRS began on February 1, 1951, and the first facility, the heavy water plant, began
operating in August 11952. The first production reactor started operating in December
1953. SRS was constructed to produce basic materials used in nuclear weapons,
primarily tritium and plutonium-239. Five reactors were built to produce these materials
by irradiating target materials with neutrons. Support facilities, including two chemical
separations facilities, a heavy water production plant, a nuclear fuel and target fabrication
facility, and waste management facilities, were also built. SRS produced about 36 metric
tons of plutonium from 1:953 to 1988. All five reactors are now shut down due to
declining defense requirements. However, until fresh supplies oftritium are available,
recycling and reloading of tritium will continue.

The SRS is l'ocated in south central South Carolina and occupies an area of approximately
310 square miles in Aiken, Barnwell, and Allendale counties. A marked property line
establishes the site's boundary to the north, south and east. The Savannah River forms
the site's western boundary for approximately 35 miles along the South Carolina/Georgia
border.

The SRL Seepage Basins Operable Unit (Ol.J) is located in the northwestern portion of
the SRS near the Savannah River Technology Center (SR'fC) in the Administration and
Management (AIM) Area of the Savannah River Site. The seepage basins received low
'level radioactive liquid wastewater from 1954 to 1982. Four unlined basins comprise the
SRL Seepage Basins. Basins land 2 began operation in 1954, Basins 3 and 4 were
added in 1958 and 1960, respectively. The basins are rectangular in shape and are
connected by a series of sequential overflow channels designed to receive wastewater by
overflow from Basin ] to Basin 4. Wastewater entered the western end of Basin 1 via the
10;..inch diameter vitrified clay process sewer line. Wastewater seldom reached Basin 4
because evaporation and infiltration in Basins 1 through 3 was high enough to maintain
the level ofwastewater in the basins below the overflow channel to Basin 4. Wastewater
discharged to the basins included uranium, plutonium, cesium, strontium, thorium,
radium, cobalt , americium, curium, ruthenium, alpha (unidentified), beta-gamma
(unidentified) and tritium; tritium was the most abundant radionuclide discharged to the
basins. Nitrate, sodium, chlorine, calcium, and nickel were the primary inorganic
constituents discharged to the basins. Process knowledge suggests that no significant
quantities of chlorinated organic compounds were discharged to the seepage basins.
Subsequent to the termination of operations in ]982,.weeds, grasses, brush, and trees
became established in the basins. This vegetation underwent a volume reduction process
by chipping, and was bagged and staged within the basins pending dispositioning
consistent with the basin soils. This early action achieved the removal objective of
limiting the spread of contamination due to foliage drop and wind dispersion.
The conceptual site model for the SRL Seepage Basins au identified several pathways
for potential exposure to constituents released from the unit. Mechanisms identified for
constituents to reach receptors were ingestion of contaminated media, inhalation of
airborne dust and/or volatile emissions, biotic uptake, dermal contact with contaminated
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media, and external radiation dose . Four exposure pathways were identified in the CSM :
airborne (volatiles and dust) , 'biota (biotic uptake), surface soil (direct contact with
excavated subsurface soil) , and groundwater (leaching). Soil , surface water and
sediment, and groundwater sample results were used to evaluate potential exposures and
risks for each of these.

Cleanup Level Development

On December 21, 1989, SRS was included on the National Priorities List. This inclusion
created a need to integrate the established RCRA Facilities Investigation (RFI )Program
with the OERCLA requirements to provide fora focused environmental program. In
accordance with Section 120 ofCERCLA, 42 USC Section 9620, DOE negotiated a
Federal Facility Agreement (FFA) with the United States Environmental Protection
Agency (iEPA)and the South Carolina Department of Health and Environmental Control!
(SCDHEC) to coordinate remedial activities at SRS as one comprehensive strategy,
which fulfills these dual regulatory requirements. DOE functions as the lead agency for
remedial activities at SRS, with concurrence by EPA Region iN and SCDHEC.

The SRiL Seepage Basins OU was identified as a solid waste management unit requiring
investigation in the Natural R.esources Defense Council Consent Agreement. This decree
required SRS to submit various documents, including a closure plan for the units. A
closure plan proposing the installation of a RORAcap was written and submitted in 1993
using procedural requirements applicable to RCRA closure plans. Revision 0 of the
closure plan received a Notice ofDeficiencieslWarning from SCDHEC and was revised
and reissued. Revision 1 received considerable comment from public stakeholders. After
consideration of comments, SCDHEC determined that a more comprehensive evaluation
of the unit and closure alternatives was warranted. DOE and SCDHEC decided that the
SRL Seepage Basins Operable Unit should be evaluated under the RCRA/CERCLA
process, which considers remedial alternatives against the nine CERCLA criteria to select
a remedy protective ofhuman health and the environment.

As part of the investigation/assessment process for the SRi, Seepage Basins Operable
Unit, a Baseline Risk Assessment (BRA) was performed using data generated during the
investigation phase. This evaluation identified the contaminants of concern (COCs) and
the presence ofPrincipal Threat Source Material (PTSM), and therefore provided the
basis for remedial action. PTSM is defined as source material that is highly toxic and/or
mobile at levels that pose a risk to human health greater than 1 X 10-3 (Industrial Worker
Scenario) should exposure occur.

Remedial action objectives (RAOs)are established to identify the clean up objectives for
a given waste unit. The RAO for the SRL Seepage Basins is to ensure the protection of
human health and the environment. This will be achieved by eliminating (1) surficial soil
exposure, (2) potential leachability to groundwater, and (3) to remove or treat all
principal threat source material (PTSM). Remedial goal options (RGOs) are developed
to achieve the remedial action objectives. RGOs are concentration goals for individual
chemicals in specific media and land use combinations. They are designed to provide
conservative, 'long-term targets for the selection and analysis of remedial alternatives.
Human health RGOs estimate protective remedial levels for coes based on risk to
human receptors. In a similar manner, ecological RGOs are based on risks to ecological
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receptors. Contaminant migration RGOs are based on risk from contaminants in soil
leaching to groundwater above an MCL Final remedial levels for the coes, which will
be selected by risk managers, are to be protective ofhuman health and ecological
receptors and comply with Federal and South Carolina applicable or relevant and
appropriate requirements (ARARs).

Excess lifetime cancer risk (ELCR) was calculated for unit-related radionuclides using
EPA exposure factors and slope factors from the Health Effects Assessment Summary
Tables (HEAST). Total media risk or TMR (e.g., total carcinogenic risk for surface soil)
was determined by summing the individual constituent risks within the particular media.
This TMR value was then used to determine the need for remedial: action. Since human
health and PTSM COCs were identified at the SRL Seepage Basins, and the 1'MR for
surface soils was 2 X ]0-1' for the Industrial scenario, RGOs were then back-calculated for
the respective risk levels (10-6

, 10-5
, 10-4 and 10-3 Industrial for P'ifSM). Based on risk

management decisions, remedial goals (RGs) were then determined from the RGOs.

Remediation Goals (RGs) for the SIDLSB SoH
Human-

,

PTSMRG
COC (Radionuclides) Health RG

(2) (pCilg) .
(l)(PCil2)

i Actinium-228 0.07 I 70I·

I Americium-241 8.08 I 8,080
I Cesium-B7 0.11 110
I Cobalt-60 0.02

,

20
I Curium-243/244 1.6 Ii 1,600
Lead-212 0.7 i 700

I iNeptunium-239 0.9 ,I 900
I P1utonium-238 10.857 10,857
I P1utonium-239/240 10.130 : 10,130
Radium-228 0.067 I 67I

Strontium-90 57.130 57,130
i Thorium-228 0.035 I. 35
; Thorium-230 85.38 I, 85,380
Thorium-232 98.0 I 98,000
Uranium-233/234 71.0 II 71,000
Uranium-235 0.83 u- 830

I Uranium-238 3.1
,

3,100
I

('I) ,-6·RG based on Human Health Industrial (1 X 10 )
{2) RG based on PTSM criteria (] X 1O~3 ELCR,

Industrial Worker Scenario

Selected Remedy

The preferred remedial response/technology was soil removal with off-SRS disposal and
backfilling the basins with an earthen cover. Details are as follows:
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III Estimated cost: $3,550,000.
III Estimated construction time to complete: 18 months.
III Excavation, removal and disposal of all principal threat source material (soil

above 1 X 10-3 industrial risk) at a licensed off-SRS facility. Approximately
3207 m3 of soil would be removed.

III Earthen cover placed over open basins and! graded to provide a structural fin
harrier (minimum ofnine feet, measured from waste remaining in basin to
ground surface). The cover would eliminate risk due to residual
contamination left in place greater than ] X 10-6 but Iess than PTSM levels.

.. Institutional controls would remain in place and preclude residential
development and disturbance of the cover.

Contact

Don Siron
South Carolina Department ofHealth & Environmental Control
Bureau of Land & Waste Management
2600 Bull Street
Columbia SC 29201
Phone: 803...:896-4089
Fax: 803-896-4001
E-mail: sirondl@columb34.dhec.state.sc.us
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CASE STUDY: CHEMICAL PLANT AREA-WELDON SPRING SITE

Background

From 1941 to 1945, as part of the World War II defense effort, the U.S. Army produced
explosives at the Weldon Spring Ordnance Works , a 17,000-acre facility inSt, Charles
County, Missouri, northwest of S1. Louis. After the war, the government transferred
ownership ofsome ofthis land to the State of Missouri and to the University ofMissouri,
with the Army retaining most of the remainder for use as a training area.

In 1955, the Army transferred 205 acres to the Atomic Energy Commission (ABC) for
construction of the Weldon Spring Uranium Feed Materials Plant. From 1957 to ]966,
the feed materials plant processed uranium ore concentrates and a small amount of
thorium. Wastes generated during these operations were stored in four open air lagoons
called the raffinate pits. From i}963 to 1969 the AEC disposed of uranium residues and a
small amount of thorium residue in the Weldon Spring Quarry. Materia] placed in the
quarry during this time includes uranium and radium-contaminated building rubble and
soils from the demolition of a uranium ore processing facility in 81. Louis. Other
radioactive materials in the quarry included drummed wastes, uncontained wastes, and
contaminated pieces ofmanufacturing equipment.

The feed materials plant was shut down in 1966, and in ]967 the AEC returned the
facility to the Army for use asa defoliant production plant tobe known as the Weldon
Spring Chemical Plant. In 1968, the Army started removing equipment and
decontaminating several buildings. However, the defoliant proj ect was canceled in 1969
before any process equipment was installed. The Army retained responsibility for the
land and facilities of the chemical plant , but the raffinate pits were transferred back to the
AEC. By direction of the Office ofManagement and Budget, the U.S. Department of
Energy (DOE) was to assume responsibility for custody and control of the site and in
1985 custody was transferred from the Army to the DOE. In 1985, the DOE proposed
designating control and decontamination of the chemical plant, raffinate pits, and quarry
asa major project to be called the Weldon Spring Site Remedial Action Project
(WSSRAP). The quarry was placed on the EPA's National Priorities List (NPL) in July
1987; the chemical plant and raffinate pits were added in March 1989.

Cleanup Level Development

Cleanup at the Weldon Spring Site is being conducted in accordance with both CERCLA
and the National Environmental Policy Act (NEPA). In addition, other standards and
guidelines are considered applicable or relevant and appropriate. Non-specific
radiological dose standards, such as the 100 mrem/year CEDE limit to the general'public
in DOE Order 5400.5 , are considered applicable. EPA's NESHAPS restrict airborne
emissions to an effective dose equivalent of 10mrem/year. Missouri Radiation
Regulations limit the maximum whole-body dose to an individual in uncontrolled areas
to: 2 mrem/hour, 100 mrem in any 7 consecutive days, and 500 mrem in any year. The
greatest dose at the site is associated with radium-226 because this radionuclide andits
decay products account for most ofthe total dose at the site from both external gamma
irradiation and inhalation of radon.

Cleanup Goals - 42



The Missouri Radiation Regulations pro vide for a 1 pCi/L limit for radon-222 and il 0
pCi /L for radon-220, averaged quarterly, in areas without access restrictions. These
standards compare with DOE Order 5400.5 , which limits both radon-222 and radon-220
to 3 pCilL, averaged annually, in uncontrolled areas

Although the EPA-promulgated standards in the Uranium MilliTailings Remedial Action
do not apply Ito the site , they are considered relevant and appropriate, since the material at
the site is similar to mill tailings. DOE guidelines include the EPA standards for radium
and establish similar standards for the thorium isotopes for soil in areas of unrestricted
access. These radionuclides are not to exceed background concentrations by more than 5
pCi/g in the upper il'5 ern (6 in.) ofsoil or 15 pCi/g in each i5-cm layer beneath the
surface, averaged over an area of 100 m2

• Since the background concentration of these
radionuclides in the vicinity of the site is il.2 pCi/g, the surface and subsurface standards
for radium and thorium are 6.2 pCi/g and il6.2 pCi/g respectively.

Uranium is the primary radioactive contaminant in soil at the site. Low levels of
uranium-238 are widespread, mostly in the upper 6 inches (15 em) of soil. No federal or
state ARARs were identified for uranium in soil, so results of a site-specific risk
assessment were used in conjunction with a preliminary ALARAanalysis to develop site
specific cleanup criteria for uranium-238. The RESRAD computer code was used to
evaluate a farmer scenario against pre-remedial concentration levels. Pathways included
in this analysis were external gamma irradiation, inhalation, and ingestion ofsoil,
groundwater, plants, meat, and milk. The Ash Pond area, a 1O-acresite, was chosen for
evaluation because of its relatively high radionuclide concentrations. The average of
residual uranium concentrations was estimated, using kriging techniques, to be 190 pei/g.
From this average residual concentration, iRESRAD calculated a 42 mrem/year dose to a
hypothetical farmer, 60% of which is derived from external gamma irradiation.
RESRAD was then used to calculate doses associated with four residual concentration
'levels of [20,60,30, and ~ 5 pCi/g. Cleanup costs associated with these cleanup levels
were also estimated. A cleanup criterion of no pCi/g (without clean backfill) was
selected for uranium-238 because this level of residual concentration would result ina
dose ofabout 25 mrem/year, which has been identified by the EPA as "an acceptable
dose limit for managing uranium and thorium by-product material" (DOE, 1992). A site
specific ALARA goal of 30 pCi/g was chosen because field instruments are able to detect
uranium-238 concentrations at that 'level, but a Ievel of 15 pCi/g would require collection
of soil samples for laboratory analysis at a much higher cost. This ALARA goal
corresponds to an annual dose of 6.7 mrem.

An assessment ofrisks associated with the selected cleanup criteria was developed
assuming the absence of access restrictions in the future. Potential future land users are
considered a recreational visitor, wildlife area ranger, resident, and resident farmer.
These scenarios are described as:

Recreational visitor:
Ranger:

Resident:
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20 site visits per year, 4 hours per visit, for 30 years
Works outdoors and in an on-site station 8 hours per
day, 250 days per year, for 25 years
Lives in a house on-site 24 hours per day, 350 days
per year, for 30 years; ingests groundwater



Fanner: Lives on a farm on-site 24 hours per day, 350 days
per year, for 30 years; ingests groundwater and
plants grown on contaminated soil.

For the purpose of developing soil cleanup criteria protective of human health, future
residential land use is considered to represent the RME scenario. Exposure parameters
applied to future use scenarios reflect current conditions, a conservative application since
natural processes should decrease contaminant levels over time . The only exception to
this generality is the ingrowth of Rn-222 from uranium, which would produce a peak
concentration about 200,000 years in the future.

In -order to determine potential carcinogenic risks from radiological exposures, radiation
doses were first calculated using ICRP's dose conversion factors (DOFs). Radiological
risks were calculated by multiplying the doses by specific risk factors to estimate the
probability of cancer induction per unit dose. Three separate risk factors were used: ~)

35 X i'O-4/working-level month (WiLM) for inhalation of Rn-222; 2} 1.2 X ]O-4/WLM for
inhalation of Rn-220; 3) 6 X iO-7/mrem for all other exposure routes.

The ALARA analysis conducted at the Weldon Spring site is very site-specific.
"Applying the ALARA process at another site, with different contaminant conditions and
likely exposure scenarios, would be expected to produce different results." (DOE, 1992)
Application of the ALARAconcept at the Weldon Spring site includes both a planning
component and a fiel'd component. ALARA goals are first estimated for residua] soil
contamination across the site on the basis ofhypothetical exposures. iFhese target levels
supported the implementation ofALARA in the field during excavation allowing
additional contamination to be removed below the cleanup criteria determined in the
planning phase. During the planning phase or Feasibility Study (DOE, 1992),
information about the local radiological background levels was incorporated into the
development of the cleanup criteria so that estimated exposures could be considered in
the context of natura] contaminant levels. For radionuclides, the risks associated with
natural levels of radioactivity in area soils greatly exceed the upper limit of EPA's target
range pO-4). For a future resident or fanner, the background radiological risk is 3 x 10-3,

which is considered a more appropriate benchmark for radioactive contaminants.
Therefore, the ALARA concept was applied to the radionuclides ofconcem to determine
how far below current levels they could be reduced, considering technical practicability.
Other key factors that were considered in performing an ALARA analysis may not
necessarily be relevant at other sites . For example, concentrations and volumes of
radionuclides in soil are relatively small, especially in comparison to the concentrations
and volumes of other waste, particularly the raffinate pit sludge.
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Weldon Spring Site - Estimated Radiological Risks Associated with Soil Cleanup
Levels

I
Soil Risk to Hypothetical Receptor I

Radionuclide/ Concentration Recreational I Ranger Resident
,

Criterion (pCi/g) Visitor

i

I 'Ra-226 I
Cleanup criteria 6.2 5E-05 I 8E-04 2E-02
ALARAgoal 5.0 4E-05 6E-04 8E-03 ,

Background 1.2 9E-06 I 2E-04 2E-03
[IRa-228

I
Cleanup criteria 6.2 2E-05 2E-04 VE-03
ALARA goal 5.0 IE-05 2E-04 8E-04
Background 1.2 3E-06 5E-05 2E-04

!

I
I 'Th-230

ICleanup criteria 6.2 3E-07 , 4E-06 8E-06
ALARAgoal 5.0 2E-07 3E-06 6E-06
Background 1.2 6E-08

I

8E-07 2E-06
Th-232

I
,

Cleanup criteria 6.2 2E-06 2E-05 4E-05
,

ALARAgoal 5.0 lE-06 2E-05 3E-05i I

Background 1.2 3E-07 4E-06 7E-06
U~238

I Cleanup criteria 1'20 2E-05 2E-04 5E-04
I ALARAgoal 30 4E-06 5E-05 lE-04

iBackground 1.2 2E-07 3E-06 I 8E-06 I

Weldon Springs Site Cleanup Levels (pCi/e)
I Surface (t) Subsurface (d)

: 1Radionuclide I Criteria I ALARA1!:oals Criteria ALARA zoals
I

Radium-226 ,(a.bl 6.2 5.0 16.2 5.0
Radium-228,(a.bl 6.2 5.0 16.2 5.0

I
Thorium-230 (a) 6.2 5.0 16.2 5.0'
Thorium-232 (a) 6.2 5.0 16.2 5.0
Uranium-238 120 30 120 30

(a) If both Th-230 and Ra-226, or both Th-232 and Ra-228, are present and not in secular equilibrium, the cleanup
criterion applies for theradionuclide with the higher concentration.

(b) At locations where both Ra-226and Ra-228 are present, ,the cleanup criteria for both surface and subsurface soil
applies to the sum of the concentrations of these tworadionuclides.

(c) Surface soil values apply to contamination within the upper 15em (6 in.) ofsoil.
(d) Subsurface soil values apply to contamination in each ,1-5 em{6 in.) 'layer of soil more than 15em below the

surface.

These cleanup standards triggerremedial' actions and guide confirmation sampling
decisions following remediation. Confirmation samples are collected from the upper 6
inches of soil and these surface soil samples are considered representative of the
subsurface as well . Areas of the Site that are potentially contaminated or have been
remediated are divided into confirmation units. These units are 2,000 m2

, a size
approximately the .same as the exposure units used in the risk assessment for a future
residential lot. The mean of the samples across each confirmation unit is compared to the
ALARA goals. The mean is used since average exposure is the guiding principle for the
risk assessment and because there should be little spread in the data after remediation. A
second decision rule evaluates "hotspots." The average radiological contaminant
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concentration in each roo m2 area win be compared to the cleanup criteria according to
the formula:

Maximum concentration = cleanup criteria x (lOO/A)1 /2
where A is the area of the "hotspot" in square meters. In addition, a minimum "hot spot"
size (25 m2}, uncertainty parameters, and minimum sample sizes are all established.

Remedial Action

A ROD for the management ofthe quarry bulk wastes was established in 1;990 and the
ROD for the remediation of the Chemical Plant Area in 1993. These RODs were
developed by DOE in consultation with and with the concurrence of the EPA Region VII
and the State of Missouri.

The mission of the project to remediate the Chemical Plant Area is to eliminate potential
hazards to the public and environment and to make surplus real property available for
other uses to the extent possible. The resulting remedy includes an onsite disposal cell,
which has a 45-acre footprint. The scope of work includes dismantling 44 chemical plant
buildings and structures and disposing of both radiologically and chemically
contaminated structural materials and soils. It also includes disposing of as much
material as possible from the raffinate pits, quarry, and nearby properties (including
water, sludge, abandoned waste materials, and structural materials) . As of the endof
2000, soil removal and placement into the on-site cell had been completed. A small
section of the eel] remains open to accept additional material, mostly from remaining on
site structures. The disposal cell cap should be completed during the 2001 construction
season. Sampling of the confirmation units is nearly completed.

Contacts

Bob Geller, Section Chief .
federal Facilities Section
Hazardous Waste Program
Missouri Department of Natural Resources
P.O. Box 175
Jefferson City, M065102
Phone: 573-751-3907
E-mail: nrgellb@mail.dnr.state.mo.us

Tom Pauling
DOE - Weldon Spring Site
7295 Highway 94 South
st. Charles, Missouri 63304
Phone: 636-926-7051
Fax: 636-447-0739
E-mail: .tpauling@wssrap.com

Mary Picel
Argonne National Laboratory
Phone: 630-252-7669
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WSSRAP Community Relations Department
7295 Highway 94 South
St. Charles, Missouri 63304
Phone: 636-44]-8086
Website: wssrapinfo@wssrap.com
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Table 1 - M'ajor'U.S. Radiation Standards
;

I Standard Agencya ~ Numerical llrnlts''
I

I

General public (110 CFR 20) NRC I 100 millirem/year

1

Uranium mill tail ings (40 CFR t 92; EPA; NRC Ra-226/228 : 5 pCi/g (surface)
10 CFR 40, App. A) 115 pCi/g ~subsuriace)

Rn-222: 20 pCi/m -sec

High-level waste operations (10 CFR 60) NRC , 100 millirem/year

Spent fuel, Ihigh-Ievell waste, transuranic EPA AIL pathway: 15 millirem/year
waste disposal PO CFR 191) Groundwater: 4 mlhlrem/yean"

Low-lever waste (10 CFR 61) ,N RC 25 millirem/year

Drinking water (40CFR t 41.t'5 and 141.16) EPA Rad ium: 5 pCil / iL
Gross alpha: 15 pCi:/ L

: Beta/photon: 4 rnillirem/year"
1

I
Uranium:fue ] cycle (40 CFR 1190) EPA 25 millirem/year

I

I Superiund (CERCLA) cleanup (40 CFR 300) EPA l ' in 10,000 to 11 in 1',000,000 excess lifetime
i risk of getting:cancer i

,

1

Decommissioning (10 CFR 20) NRC 25 millirem/year

Occupational standards (29 CFR 1910; OSHA; 5,00b millirem/year
:: 10 CFR 20; 10 CFR 835) ; NRC; DOE
I

aNRC =Nuclear Regulatory Commission
EPA =Environmental Protection Agency
OSHA = Occupational Safety and Health Administration
DOE = Department of Energy

b Apicocurie (pCi) ,is a trillionth of a curie, a unit of radioactivity.
A millirem is a thousandth ota 'rem, a unit of dose.

C Radioactivity from human-made radlonuclides ,in community drinking water systems .
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I Site Scenario
i Cleanup

Date Comments
I

i Level
I! : (pCi/g) ,

Enewetak Atoll Residential
I

40 1973 DOD-DNA/DOE
i

'I I

AgricuIturaI' 80
,
:

Food-gathering 160
Subsurface 400

Fernald EMP Park user (on-s ite) 77 1995 ElOEJEPA/OEPA; 10-6 risk
Resident farmer (off-site) 9

1Ft. nix, NJ 8 1992 'USAF; BOMARC missile accident; 4
mrem/year

I

Hanford Reservation Rural resident 34 1995 WDOH; 15 mrem/year;,used RESRA[) ver.
Commercial/Industrial 245 5.7; considered guidance for interim actions

only and will' be updates'

Johnston Atoll 13.5 1988 Soil Screening Level representing a 10
I mrem/yr dose based on EPA draft guidance

I
I

Fish & Wildlife researcher 2.1' - 210 2000 i iDO[)-DTRA;,10-6 - 10:-4 risk ranqe.useo
Resident 1.9'-190 RESRAD ver. 5.82
EcoToLirist 38 - 3800
Homesteader .32- 32

Rocky Flats:
Cleanup Agreement , Office worker 1'088 : 1996 DOElEPAiReg. VIII/CDPHE; 15mrem/year;

Open space 1429 used IRESRAD ver. 5.61'
Resident 252

;

!

Overs ight Panel Resident rancher 35 i 2000 RAC; 15 mrem/year; used RESRAD ver.
Industrial worker 90 5.82; reduced by sum-of-ratios to account for

dose from associated americium
Preliminary Office worker 10 2000 DOElEPA/CDPHE; 10-6 risk
Remediation Goals Open space 17.5

I

Tonapah Test IRange Resident rancher/farmer 200 2000 DOE; based on several' independent studies
showing that this activity level would result in

I < 100 mrem/yr to a rancher or farmer and'

!
<15 mrem/yr to a rural resident or industrial

I worker,

CDPHE - Colorado Dept. of Public Health & Environment
EPA - 1:."5. Environmental Protection Agency
DNA - Defense Nuclear Agency
DOD - U.S. Department of Defense
DOE - 'U.S. Department of Energy
DTRA - Defense Threat Reduction Agency
OEPA - Ohio Environmental Protection Agency
RAC - 'Risk Assessment Corporation
USAF - U.S. Air Force
WDOH - Washington Department of Health
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Table 3 - Soil Cleanup Levels for Uranium:

Cleanup
Date I Comments

I

Site Scenario Level
: (pCi/g) 1

I

FernaidEMP Park user (on-site): 1995 EPAIDOE/OEPA; 10-6 risk; dependent on
total U (K1.=325 Ukg) 82 ppm Ieachabllity (Kt )

total' U (K1=15 Ukg) 20 ppm
I Resident farmer (off-site) 1

total'U (K1,=325 Ukg)

I

50 ppm

Unrestricted 'use:
i

2000New.!Jersey I New Jersey Commission of Radiation
U-234 62 1 Protection; represents 15 mrem/year liEDE in
U-235 29 a 1-ft. thickness ofsoil at the surface with no
U-238 54 cover

limited restricted use: I

U-234 69 '
U-235 37
U-238 64

Restricted use:
U-234 81
U-235 62 I

U-238 82

Hanford! Reservation i Rural resident: , 1997 WDOH; 15 mrem/year; used!RESRAD ver.,

U-234 160 5.61
LJ~235 26
U-238 85

Commercial/lndustrial'
U~234 1200
U~235 1001
U~238 420

Linde Site Industrial I commercial 600 2000 USAGE; 10:5 risk; FUSRAPsite
Subswface 3,0211

I

Rocky Flats:
Cleanup Agreement Industrial Use (U-234) 1627 1996 DOE/EPA Reg. VIIIICDPHE; 15 rnrern/year;

Industrial Use (U-235)

I

1113 used RESRAD ver. 5.61;
Industrial Use (U~238) 506
Open space (U-234) 1738

1

Open space (U-235) 1135 i
1 Open space (U-238) 586I
I

I
Resident (U~234) 307

I Resident (U-235) 24 :
I
I Resident (U-238) 103I

I

Oversight Panel: Resident rancher: 2000 RAC; 15 mrem/year; used RESRAD ver. 5.82
-with grOlmdwater 10
-without groundwater 80

I

I

I
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Preliminary
u:

Office worker (U-233) 68 ! 2000 DOE/EPA Heg. VIII/CDPHE ; 10-0 r isk; usesI

Remediation Goals
,

Office worker (U-234) 69 Federal Regulatory Guide 13 slope factors,

Office worker (U-235+D) 0.8 II

! Office worker (U'-238+D) 3.8
Open space (U-233)

I
122

Open space (U-234) 123
Open space (U-235+D) 4.2

, Open space (U-238+D) H .8
Resident (lJ-233) 4.43 i

I Resident (lJ-234) 4.86
II! Resident (lJ-235+D) 0.76 I

Resident (tJ-238+D) 0.33
!I

,

CElPHE - Colorado Dept , of Public Health & Environment
EPA - U.S. EnvironmentallProtectiom Agency

. IDOE- U.S. Department of Energy
OEPA - Ohio Environmental Protection Agency
RAC -Risk Assessment COrporation
l:JSASCE - U.S. Army Corps of Engineers
WElOH - Washington Department of Health
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Table 4 - Comparison of Key Residential RESRAD Input Parameters

I Parameter
1

I Johnston Atoll I Clean Slate Sites.

I

IRock y Flats
Units ' Hanford Site Cleanup

Rocky Flats

I i Nevada
Aareement I

Oversight Pane]

Dose Umit [or risk range] mremlyear 115 [10:4- 10~,
I 100 15 15

I
RESRAD version 5.7 5.82 5.61! 5.61' 5.82
Exposure Patl:1ways:

it-External Gamma Act ive Active Active Active Active
2-'lnhalation Active Active Active Active Active
3-'Plant lnqestion Active Active Active Active Active
4-Meat Iingestion Active Suppressed Active Suppressed I Active
5-Milk Ingestion Act ive Suppressed Active Suppressed I Active
6-Aquatic Foods Active Suppressed Suppressed Suppressed Active
7-Drinking Wate~ , Active Suppressed Active Suppressed Active
8-Soil 'lngestion Active Active Active Active I Active
9-Radon ! Suppressed Active Active Suppressed Suppressed '

Plutonium form Soluble Insoluble Soluble 'Insoluble Insoluble
Distribution Coefficients (~): !

Americium cm3/g 200 110.000 1900 76 2300*
Plutonium cm3/g 200 230.000 550 218 218*
l:Jranium cm3/g 25 50 35 50 218*

Area of Contaminated Zone m2 10,000 98,000 248,000 40,000 *

IThlckness of ContaminatediZone m 4.6 0.61 0.05 0.15 0.2

Inhalation Rate m3/yr 7300 8400 6820 7000 10800
Mass Loading (Inhalation) g/m~ 0;0001 0,0002 .000015 .000026 .007*
Exposure Duration yr 30 10 30 30 70
Inhalation Shielding Factor

I
0.4 1 1 1 1

External Gamma Shielding Factor 0.8 0~5 0~7 0.8 0.7
. Indoor Time Factor 0.6 0.25 058 1 0.6

Outdoor il'ime Factor 0.2 0.75 0.0155 0' 0.4
Wind Speed m/s - 9 - - 4

Fruits, Vegetables, Grain 'kg/yr 110 1 120.5
,

40.1 190
Leafy Vegetables ikg/yr 2.7 1 10 ! - 64
Soil Ingestion g/yr 36.5 73 37.4 70 75
Drinking Water Intake Uyr 730 444.6 -- 730,
Drinking/Household Water ,

IFraction from Groundwater 1 -- 11' : - 1
Depth of Soil Mixino Layer m 0.15 - 0.15 iI 0.15 0.03
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Denved probabllistically uSingdistributions of data

I Clean Slate Sites,
Rocky Flats

Rocky FlatsParameter Units iHanford'Site Johnston Atoll Nevada Cleanup
Oversight Panel I

Agreement

GI Absorption Factor (f1) :
,

IAm-24 1 I 1E-3 5E-4
Pu-239 1E-3 5E-4 !

U-238+D 5E-2
I

2E-2
Ingestion Slope Factor: Risk ./pCi

,

I Am-241 i 3.28E-tO
I ,

PtI-239
I

3.16E-110 I

!:
!

I U-238+D I 6.20E-11
: Inhalat ion Slope Factor: Risk / pCi ,

[ I Am-241 3.85E-8 I

PtI-239 , 2.78E-8,

U-238+D 1'.24E-8
I

, Extemal Exposure: Risk/yr per ,

Arn-241 pCi/g 4.59E-9 I

Pu-239
I

11.26E-11 !
I

II
I

I U-238+D 5.25E-8
I Dose Conversion Factors: mrem/
I finhalatior:l /ingestion) pCi

Am-241' I 4.40E-1 / 3.64E-3 I 4.44E-1 / 3.64E~3 1.55E-1/7.4E-4
Pu-239

I
4.29E-1 / 3.54E-3 3.08E-1 /5.18E-5 : 5.9E-2/ 9,3E-4

U-234 1.32E-1 / 2.83E-4 1.32E-1 / 2.83E-4 3.5E-2 / 1.8E-4
U-235+D 1.23E-1 / 2.67E-4 1.23E-1 /2.67E-1 3.1E-2/1 .7E-4
U-238+D 1.18E-1 / 2.69E-4 1.18E-1 /2.69E-4 3.0E-2 / 1.7E-4

Pathway Percentages :
'Inhalation 30% 5% 30% 93%
Soil Ingestion 23% 87% 31,% 6%
Water 0% 0% 0% 0%
'Ptanttnqesfion 45% 0% 29% 1% II
Other : 1% 8% 10% 0%. . .
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UNITED STATES IENVIRONMENiTAL !PROTECTION
AGENCY
REGION 8

999 18TH STREET - SUFTE 500
iDENVER, CO 80202-2466

http://www.epa.gov/region08

Ref: 8EPR-F
Attachment 1

MEMORANDUM

TO: Whom it may concern

fROM: lim Rehder, Rocky Flats Team Leader

SUBlTECW: Radiation Risk and Radiation Dose, How Do They Relate?

During the long public debate that has surrounded the radiological soil action levels (RSALs) for
Rocky flats, questions have routinely come up on the issues of radiation dose and radiation;
questions like what is a safe dose, what risk level does that dose equate to? Unfortunately, the
answers to these questions are not always straight forward. The EPA Guidance Document
"Establishment of Cleanup Levels for OERCLA Sites with Radioactive Contamination," August
1997, says that a 15 mRem doselyr is approximately equal to a risk of 3 x 10-4. This is an over
simplification that has lead to much of the confusion stakeholders, public officials and regulators
have experienced on this issue. In fact, the 'level of risk associated with a given dose depends on
a number of factors such as: 1) the method used to convert dose to risk, 2) the radionuclide of
interest and 3) the route(s) of exposure.

Let's talk first about the methods used to calculate the risk posed by exposure to radioactive
materials. There are basically two methods for doing so; 1) calculating the Effective Dose
Equivalent (EDE) and then converting that dose into a risk number, or 2) calculating a risk using
cancer Slope factors.

The Dose Conversion Method

The oversight panel is familiar with the concept ofdose assessment. It is an assessment
performed to answer the question "how much dose will an individual receive when exposed to a
specified amount of radioactive materials?" When we talk about dose we are generally referring
to the effective dose equivalent (EDE), which is a unit ofmeasure developed by the International
Commission on Radiologic Protection (lCRP) to normalize radiation doses by considering the
adverse effects on a total body basis for the purpose of regulation of occupational exposure. In
an ideal system , the risk associated with receiving, for example, a 1,000 mRem dose from
Plutonium is equal to the risk associated with,receiving 1,000 mRem from Radium, Cesium or
any other radionuclide . EDE is derived by multiplying a dose conversion factor (DCF) for a
given radionuclide by the unit intake of exposure to that radionuclide (i.e. ingestion, inhalation or
external,exposure). The following factors are considered in the development of dose conversion
factors for the various radionuclides:
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type of radiation
relative strength (or energy) ofthe radiation
different radionuclides will target different organs or tissues
different organs or tissues will exhibit different cancer induction rates.

A simple example that illustrates how dose is calculated isa man who breathes 20 m3 per day
and lives year round at a location where the concentration in air of Plutonium is 0.1 pCifm3

. In
this scenario the man is neither drinking contaminated water, eating contaminated foodstuffs, nor
ingesting contaminated dirt. Assuming all the airborne Plutonium is respirable, and for this
example using a DCF for inhalation ofPu of 0.308 mRem/lpCi,. the equation would look like:

example 1

(365 days/year)(20 m3/day) (O.~ pCi/m3) (0.308 mRem/pCi)(30years) = 6750 mRem
(days/yr)(breathing rate)(Pu cone. in air)(dose/unit exposure)(exposure duration)

Since different radionuclides have different DCFs, if we changed the radionuclide in the equation
above, the resulting dose would be different. Similarly, different routes of exposure have
different IDCFs. If we considered ingestion rather than inhalation in the equation above, the
resulting dose would be different. .

Most health physicists don't calculate the risk that is associated with a given dose. They simply
compare the dose to accepted national standards: e.g. 100 mRem/yr for public exposure or 5,000
rnRem/yr for occupational exposure. However, risks can be calculated using a two-step method.
'iFhe first step being the dose calculation as demonstrated in example 1 above. The next step is to
convert the dose to a risk value using a probability coefficient. ICRP has developed! probability
coefficients that allow dose to be expressed in terms of risk. The 1990 Recommendations ofthe
[CRP says the probability coefficient from fatal cancers, non-fatal cancers and severe hereditary
effects is 7.3 X 10-2/sievert (1 sievert = ] 00,000 mRem). This risk coefficient is based on low
LET (Gamma) radiation (which is clearly not the case for plutonium) and considers all cancers.
lJsing that coefficient, the next step in calculating risk is:

example 1 -step 2

(6750 mRem)(7.3 x ]0-2/sievert)(10~5sievert/mrem) = 5 x 10~3.

(total dose)(risk/unit dose)(Sievert to millirem conversion factor)

Slope Factor Method

A slope factor is similar to a dose conversion factor, but instead of assigning a unit dose for
every unit of exposure (i.e. mRem/pCi) a unit ofRISK is assigned for every unit of exposure
(i.e.

probability ofadverse effect/pf.i). Using an inhalation slope factor for Plutonium of
2.78 x 10-8/pCi we can go back to the above example and calculate a risk:
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example 2

(365 days/year)(20 m3/day)(0.1 pCi/m3)(3.33
X ilO-8/pCi)(30 years) = 7.2 x ]0-4

(days/yr)(breathing rate)(Pu cone. in air)(slopejactor)(exposure duration)

Note that this result is lower than the risk calculated in example 1 using the Dose Conversion
Method. EPA believes that for internal exposures to alpha and beta emitters, the Slope Factor
Method produces a more reliable estimate of risk.

EPA has calculated slope factors for most of the radionuclidesand just as different radionuclides
have different iDCFs, different radionuclidesgenerally have different slope factors. The slope
factors also vary depending on route of exposure. Therefore, risk associated with inhaling 1,000
pCi of Uranium is different from that of inhaling il,OOOpCi ofCesium. Alsothe risk associated
with inhaling 1,000pCi ofRadium is different from that of ingesting 1,000 pCi ofRadium via
drinking water.

Summary

There are two methods for calculating the risk associated with radiation exposure:

l ) The Dose Conversion Method where a dose is-calculated by multiplying a dose
conversion factor (expressed in terms of unitdose/unit intake) for a given radionuclide by the
total intake of exposure to that radionuclide (i.e. ingestion, inhalation or external exposure).
The dose is multiplied by a probability coefficient to arrive at a risk value.

2) The Slope Factor Method where risk is calculated directly by assigning a unit ofRISK
for every unit of exposure (i.e. probability of adverse effect/pCi), and multiplying that by the
total exposure. This method is basically the same method that EPA uses to calculate the risks
associated with non-radioactive carcinogens.

EPA believes that the Dose Conversion Method is fine forcalculating the risks of exposure to
low LET radiation (i.e. gamma radiation), but does not work well for internal exposure to alpha
and beta emitting radionuclides. In the case of internal exposure, the Dose Conversion Method
generally overestimates the risk as seen in the two example calculations above.

The risk associated with 15 mremlyear, as stated in recent EPA guidance documents is
based on the JeRP risk value of .073/Sv for external 'low lLET radiation. All externahfow
lLET radiation can use thls value. (A new EPA calculated value is closer to .08/Sv) l'ihe the
calculation for derfving the 3 x iJ.0-4 number is as follows:
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(]5 mRemlyr)(30 yrs)(7.3 X 1O-2/sievert)(lO-5sievertimrem)= 3 X iO-4
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RADIONUCL~DE SOIL ACTION VEV'EL

REGULATORY ANALYSIS

PURPOSE

The Department of Energy (DOE), the Environmental Protection Agency (EPA) and the
Colorado Department of Public Health and the Environment (CDPHE) are currently
reevaluating the Radionuclide Soil Action levels (RSALs) that will govern much of the
cleanup at Rocky f lats. Among the reasons for the reevaluation are that the draft EPA
Radia tion Sites Cleanup Rule that was used as a basis for the current RSALs is defunct
and DOE, EPA and CDPHE are also considering the recommendations of the
Radionuclide Soil Action Level Oversight Panel regarding its review of the RSALs.

This paper discusses relevant regulatory and guidance developments and makes a
proposal' as to what should form the basis of a new RSAL. This analysis is specific to the
Rocky flats Environmental Technology Site and The Rocky Flats Cleanup Agreement
(RFCA), signed by DOE, CDPHE and EPA in '1996, and is not intended to represent any
agency's positions with respect to other sites or other cleanup agreements.

In many instances this paper summarizes or paraphrases specific RFCA or regulatory
'language, to (hopefully) improve readabil ity. The interested reader .should refer to the
cited authority for the specific text.

BACKGROUND

In October of 1996 DOE, EPA and CDPHE established an action leve l for radionuclide
contamination in soils at Rocky Flatsb

• In short, An action level is a numeric level that,
when exceeded, triggers an evaluation, remedial action, and/or management action. The
radionuc lide soil action level (RSM..) is expressed in terms of the amount of radioacti vity
per unit mass of soil; specifically picocuries/gram (pG/g). Having an RSAL that is
protec tive of human health is a key element in planning and executing the overall cleanup
of Rocky Flats .

When developing the current RSAL in 1996 !DOE, EPA and COPHE used! the draft EPA
Radiation Site Cleanup Regulat ion, 40 CfR 196, as the basis for the action 'level. At that
time, EPA had only announced its intent to propose this regulation; it had not been
finalized. However, since all three parties anticipated that it would be finalized and that
there was nothing else in existence resembling a national standard for radiation cleanup,
DOE, EPA and CDPHE believed the draft regulation was a reasonable basis for an
RSAL.

b See, "Action Levels for Radionuclides in-Soils for the Rocky Flats Cleanup Agreement", Final
10/31/1996
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40 OFR 196 stated that a radioactively contaminated site should be cleaned up such that
any remaining contamination would result in a radiation dose to a member of the public
no greater than 15 millirem/year (mRem/yr). The draft rule went on to say that if
institutional controls (i.e. liegal controls that restricted Site access) were utilized to meet
the 15 mRem/yr limit, the Site must, at a minimum, be cleaned up to levels that ensure
individuals do not receive doses greater than 85 mRem/yr in the event the institutional
controls failed (e.g. a property zoned for industrial use is later zoned for residential use).

To determine what soil action level would meet the] 5/85 mRem/yr requirements of the
draft rule, DOE, EPA and CDPHE used the generally accepted software program called
RESRAD to calculate the amount of radioactivity in the soil that would result in a 15
mRem/yr or 85 mRem/yr dose toa future site user. In order to make that calculation,
assumptions were made as to how the land win be used in the future. 'Fheassumption as
to the future use of a site is one of the most important factors in assessing the risk posed
bya contaminated site because a person who lives ona contaminated site will have a
much higher dose than a person who occasionally visits the site . RFCA envisioned that
future use of Rocky flats would consist of commercial/light industrial activity in the
southern.portion ofthe400-acre Industrial Areathat lies at the center of the Rocky Flats
property and open space/recreational activity in the surrounding Buffer Zone. Using
these land-use assumptions as a guide, the parties calculated the amount of contamination
that would result in a 15 mRem/yr dose to an office worker in a commercial setting and a
recreational open space user. Since these two future use assumptions were predicated on
the idea that legal controls would be put in place precluding other types of land use, the
parties had to satisfy the second part of the draft EPA rule: that in the event those legal
controls fail, future site users do not receive a dose in excess of 85 mkem/yr. It was
assumed that if there were no restrictions on the use of Rocky Flats, a subdivision similar
to Rock Creek would be constructed. So the parties calculated the level of contamination
that woul~ equate to all 85 mRem/yr dose to a suburban resident.

The calculated RSALs for these various scenarios are given below:

Scenario ' Specific Activity Pu-239 i
I

IS mRem/yr Dose to Office Worker 562 pCi/g I

15 mRemlyr Dose to Open Space User 4,145 pCi/g I

85 mRem/yr Dose to Suburban Resident 651 pCi/g i

Woset an RSAL for the Industrial Area, the parties compared the office worker at 15
mRem/yr to the hypothetical' future suburban resident at 85 mRem/yr, and chose the most
conservative value. Similarly, for the Buffer Zone RSAL, the open space user at 15
mRem/yr was compared to the hypothetical future suburban resident at 85 mRem/yr.
This is how the current RSALs of562 pCi/g Pu-239 in the Industrial Area,and 65iJ. pCi/g

i The specific activity given is a sum-of-the-ratios number that assumes Am-241 is present and the ratio of
Am~24I' to Pu-239 is 0.18.
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Pu-239 in the Buffer Zone were chosen.

DOE, EPA and CDPHiE also established a lower tier ofRSALs that wouI'd trigger a
different type of action than the "Tier 1 RSALs" discussed above. When contaminants
are found to exceed the Tier I action level, it will generally trigger an action such as
removal or stabilization in place. Exceeding the Tier 2 value would generally trigger a
less aggress ive action which may include "hotspot" removal, capping or access
restrictions. The Tier 2 RSAL for Pu-239 is based on a ismRemlyr dose to a suburban
resident and comes out to 115 pCi/g.

CHANGES IN THE REGULATORY LANDSCAPE

Introduction

The EPA Radiation Sites Cleanup Regulation was never finalized, and has been officially
dropped from consideration. In the meantime, another national regulation on radiation
cleanup was finalized as wel] as some EPA policy documents on the subj ect. "Fhese
developments called the regulatory basis for the current RSALs into questio n.

The RFCA parties as part of this review are considering two principal regulatory
authorities as the bas is for revised RSALs. These are the NRC Decommissioning Rule
and the guidance and policy promulgated by the Environmental Protection Agency to
implement the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA.) This paper reviews these sources at some length. For the purposes of setting
an RSAL, these sources can at times be ambiguous. Both of these sources address action
levels - the level of contamination that triggers aremedial action - and cleanup levels,
which is the level of contamination remaining after an action has been taken. The specific
charge of this review is to consider changes to RSALs , but any discussion of RSALs must
also be accompanied by discussion on how ultimate cleanup levels will be determi ned.
Both sources of new regulatory guidance address action levels and cleanup levels
simultaneously.

The NRC Rule

In 1997, the NRC promulgated a cleanup regulation (commonly referred to as the
Decommissioning Rule )C which governs the cleanup of facilities that are licensed by the
NRC, or by States that have had that authority delegated to them. 'Fhe NRC cleanup
regulation states that a site will be considered acceptable for unrestricted use if residual
radioac tivity, distinguishable from background, results in a dose to the average member
ofthe critical group" no greater than 25 mRemlyr, and the residual radioactivity has been
reduced to revels that are as low as reasonably achievable (ALARA). The rule goes on to

c See, 10 CFR 20, subpart K
ii The term "cri tical group" is defined in CFR 20.1003. It means the group of individuals reasonably
expected to receive the greatest exposure to residual activity for any applicable set of-circumstances.
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say a: site will be considered for license termination under restricted conditions if:

- Residual levels associated with restricted conditions are ALARA.

- The licensee has made provisions for lega:lly enforceable institutional' controls.

- The licensee has provided financial assurance for control and maintenance of the
site.

- The licensee has prepared a "License Termination Plan" and has solicited public
comment on that plan.

- Residual rad ioactivi ty at the site has been reduced so that if institutional controls
were no longer in effect, members of the public will'not receive a dose greater
than 100 mRem/yr or, under certain circumstances, 500 mRem/yr.

'Fhe NRC does not have regul atory authority over a DOE facility such as Rocky Hats so
the NRC rule is not directly applicable to Rocky Flats. However, the State of Colorado
has adopted the NRC rule as a State regulation and while therule is not applicable to
Rocky Flats the State has identified the rule as relevant and appropriated '; and therefore,
the substantive provisions should be used to govern the cleanup of the site . EPA and
DOE agree.

Here 's how EPA, CDPHE and DOE interpret the decommissioning rule, and intend to
apply the standards in the rule based upon the significant factors present at Rocky Frats:

Cleanup to levels that allow for unrestricted use are generally preferred to
cleanups that result in restricted use. (Please note that at Rocky Flats , use
restrictions may nonetheless be required for purposes other than limiting dose. )
The rule does not explicitly require cleanup to unrestricted use, but the RFCA
parties believe that an analysis of actions that would be needed to achieve
unrestricted use is required.

Wo be acceptable for unrestricted use, the residual radioactivity levels must be "as
low asreasonably achievable ("ALARA")," AND in any case may notexceed 25 .
rnRem/yr. Put another way, ifit is reasonable to achieve a level' of residual
contamination that results in a lower does than 25 milIirems/yr, then the rule
requires the additional cleanup action.

A site may be cleaned up to less stringent levels that do not allow for unrestricted
use only if the required analysis of actions to achieve unrestricted use
demonstrates either (1) that the additional cleanup necessary to remove residual

d.A discussion of CERCLA's Applicable or Relevant and Appropriate Requirements is contained in
paper by Dan Miller, Colorado Attorney General's Office, "Response to questions presented at
11/8/00 meeting", dated November 16, 2000. Available online at \V\\-W.rfets.gOY, under Focus Group.
~Qil106PR F DFCI~IQ}0 1 Y::9RA~T HOT EHBORSEf> BY TIlE 90E, EP A QR Cb'RWF FOR' ;(
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radioactive materials to achieve a dose that does not exceed 25 millirems per year
(assuming unrestricted use) would cause net public or environmental harm, or (2)
that the residual levels of contamination associated with restricted use are
ALARA.

If a site is cleaned up to restricted use levels, residual contamination must be
ALARA AND in no case may exceed 25 millirems per year, assuming the
institutional contro ls are in place, AND may not exceed 100 millirems per year,
assuming the institutional controls fail.

The NRC rule does provide that alternative decomm issioning criteria (i.e., it
allows establishment of a number different from 25 mRemlyear) may be
established for "difficult sites with unique decommissioning problems".
Alternative criteria are allowed only in the following circumstances :

o Residual contamination is reduced to 'levels that are MARA.

o The person seeking the alternative criteria has demonstrated that it is
unlikely the 'fEDE to the average member of the critical group would
exceed lOOmRemlyr;and

o Durable, enforceab le institutional controls have been imposed to minimize
exposures.

It is important again to emphasize the difference between a cleanup leve] as discussed in
the NRC (and state) rule and the soil action level that is being developed by the RFCA
parties. Action levels are the levels of contamination that trigger a remed ial action and
cleanup levels are the levels ofcontamination remaining after an action has been taken.
In order to comply with the NRC rule as an ARAR, an analysis would be required using
the ALARA concept to determine whether cleanup to unrestricted levels or to levels
approaching unrestricted use is reasonably achievable for a particular remedial action .

CERCLA Guidance

While EPA agrees that the Decommissioning Rule is relevant and appropriate to the
cleanup at Rocky Flats, it believes that the dose limits in the rule may not, in some
circums tances, be sufficiently protective of human health. This concern is discussed in
the EPA Guidance Document "Establishment of Cleanup Levels for CERCLA Sites with
Radioactive Contamination," August 1997. This document makes the following points
relevant to the RSAL debate at Rocky Flats::

Cleanup actions at Superfund sites (such as Rocky Flats) must be protective of
human'health and the environment and comply with applicab le or re levant and
appropriate requirements (ARARs).

EPA generally defines "protective of human health" as a level that represents an
111;'85;'0[PPll Qi!QISI8 H, Lf: BIb d1' ?iST £NBS RSEB B¥ THE B8E, EP,'. 8 R EBPIIE F8 R J
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excess cancer risk to an individual in the range of 10-4 to 10-6 (I in 10,000 to ,1 in
1,000,000)

Cancer risks for radioactive contamination should generally be estimated using
the slope factor methodology put forth in the EPA risk assessment manual,iii
(Please see attached!memo on Radiation Risk and Dose for more information
on th e issues of slope factors and converting dose to risk.)

EPA has determined that the dose limits in the NRC rule are generall y not
protective ofhuman health . The word "generally" is important here because
each radionuclide has a different cancer slope factor so for some radionuclides
the lifetime cancer risk associated with a 25 mRem/yr dose will be within the
acceptable risk range, but for most radionuclides the risk associated with a 25
mRem/yr dose is outside the risk range.

The NRC Rule must be met (or waived) at sites where it has been determ ined to
be applicable or relevant and appropriate. Cleanup at these sites will typically
have to be more stringent than required by the NRC dose limits. The word
"typically" is used fo r the same reason the word "generally was used in the
preceding paragraph.

If a dose assessment is conducted at the site, as was done at Rocky Flats in setting
the current RSALs , 15 mRemlyr should generally be the maximum dose limit for
humans. l'his dose Iimit equates to approximately 3 x 10-4 (3 in 10,000) lifetime
risk. (Please see attachment I for discussion of bow tbe value 3 x fO-4 was
calculated)

Despite these concerns, EPA expects that NRC's implementationof the
decommissioning rule will result in cleanups within the Superfund risk range at
the vast majority of~C regulated sites.

WHERE WIl'HEN T HE IUSK RANGE (Should a Cleanup Level Fall)?

There is a lot of room for discussion when a range covers two orders of magni tude as the
acceptable risk range does. EPA regulations and policies indicate that cleanups which

iii lJ'.S. EPA, "Risk Assessment Guidance for Superfund Volwne I Human Hea lth Evaluation Manual' (Part
A) Interim Fina l," EPAJ540/1-89/002, December 1989. U.S. EPA , "Risk Assessment Guidance for
Superfund: Volwne I - Human Health Evaluation Manual (Part B, Development of Risk-based! Preliminary
Remediation Goals", EPAJ5401R-92/003 , December 1991.
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result in site risks being reduced to levels anywhere within the range are acceptable. The
National Oil and Hazardous Substances Pollution Contingency Plan (NCP) says the 10-6

risk level will be used as the point ofdeparture for determining remediation goals for
alternatives when ARARs are not available; The EPA OSWER Directive 9355.0-30,
Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions, states
that where the cumulative carcinogenic site risk to an individual based on the reasonable
maximum exposure for both current and future land use is less than 10-4 and the non
carcinogenic hazard quotient is less than I, action is generally not warranted unless there
are adverse environmental impacts. This indicates that cleanup that reduces site risks to a
level> of 10-4' is perfectly acceptable. On the other hand, the same directive says once a
decision has been made to take an action, the Agency has expressed a preference for
cleanups achieving the more protective end of the range (i.e. 10-6). In other words, if you
are conducting an action to address a site risk greater than 10-4, explore options for
reducing the risk well beyond 10-4. This idea is consistent with the concept of "As Low
As Reasonably Achievable" (ALARA) which says that all reasonable efforts should be
made to reduce potential!exposure to radiation even if the regulatory safety limit is
already being met.

When choosing a remedy and the risk level that remedy will achieve, EPA considers the
CERCLA balancing criteria: (short-term effectiveness; long-term effectiveness and
permanence; reduction of toxicity, mobility or volume through treatment;
implementability; and cost), and the modifying criteria {community acceptance; and state
acceptance)". Obviously, cost and implementability are two factors that generally tend to
push remedies toward the less stringent end of the risk range. The effect ofthe other
factors may change from one case to another.

LAND USE AND INSTITUTIONAL CONTROLS .

As discussed previously, the assumptions made as to how Rocky Flats will be used in the
future are very important considerations in the calculation of an RSAL . The current
RSALs were developed under the assumption that the southern portion of the Industrial
Area would see commercial reuse while the surrounding Buffer Zone supported open
space recreation. When DOE, EPA and CDPHE were negotiating RFCA back in '1995,
these two future use scenarios seemed the most likely. At that time, there was a
significant levelofsupport in the surrounding communities for these two scenarios. So
the parties wrote them into the agreement. The Agencies, in drafting the RFCA, also
designated certain parts of the Industrial Area as "restricted open space," although the
Agreement doesn't really discuss the implications of that designation. Now that Senator
Allard and Congressman :tMall have introduced legislation that would tum Rocky Flats
into a wildlife refuge, it appears a wildlife refuge worker may be the person most directly
impacted by residual contamination at Rocky Flats. If the future land use assumptions
change, it would probably require a revision ofthe RFCA.

e See, 40 eFR 300.430(e).
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Making decisions on the degree ofcleanup based upon the anticipated future land use is
consistent with EPA regulations and policy. The preamble to the National Contingency
Plan (NCP/ states that the EPA will consider future land use as residential' in many cases.
In general, residential areas should be assumed to remain residential; and undeveloped
areas can be assumed to be residential in the future unless the sites are in areas where
residential land use is unreasonable. The NCPgoes on to say "the assumption of future
residential land use may not be justifiable if the probability that the site will' SUPPOR

residential use in the future is small." The EPA guidance document "Land Use in the
OERCLA Remedy Selection Process ," May 25, 1995, says that in general, objectives
should be developed that would achieve cleanup levels associated with the reasonab ly
anticipated future land use over as much of the site as possible . This guidance was
written, at least partly, in response to criticism that EPA was too often assuming that
future use of a contaminated site would be residential, Many contaminated sites being
addressed in the Superfund program were industrial' sites in large industrial areas that had
little potential for residential redevelopment. So it was often argued that it was not cost
effective for those sites to be cleaned up to a degree that would support residential use.

The NRC Decommissioning Rule does not discuss developing a cleanup level consistent
with the anticipated future land use in the same way that EPA guidance does. However,
the definition of the average member of the "critical group" , to which the dose rate
standard applies, refers to the "applicable set of circumstances" that leads to the dose.
Such circumstances include the anticipated future Iand use. The Preamble to the
Decommissioning Rule indicates that a rural farmer future use scenario could be an
"applicable set of circumstances" to calculate unrestricted use levels for an average
member of the critical'group in an,unrestricted use scenario . 'fhe Rule says cleanup
'levels that allow unrestricted use are generally preferable to 'levels that requ ire restricted
use. DOE agrees that unrestricted use is preferable , but believes the clear intent of the
rule to allow restric ted use must be acknowledged and those provisions be implemented
as appropriate.

If the amount of residual contamination at a site precludes unrestricted use in the future,
institutional controls (legal controls) must be put in place to assure that the anticipated
land use doesn ' t change to an inappropriate one (e.g. resident ial development of property
slated to be industrial). When RFCA was signed, DOE, EPA and CDPHE assumed that
controls would be utilized to limit future activities on site to commercial reuse of the
industrial area and recreational'use of the Buffer Zone. Continued Federal ownership was
one of the controls contemplated for making that assurance. Designation as a National
Wildlife Refuge would assure Federal Ownership into the foreseeable future and would
effectively limit the type of activities that could occur on site.

The draft EPA Radiation Sites Cleanup rule anticipated the potential failure of
institutional controls when it said if institut ional controls were utilized to meet the 15
rnRem/yr limit, the site must be cleaned up to levels that ensure individuals are not

rSuggest putting in cita tion.
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exposed to doses greater than 85-mRem/yr in the event of institutional control failure.
The Decommissioning Rule addresses the possible failure of institutional controls in a
manner similar to the draft EPA rule. It says that a site will be considered for 'license
terminationunder restricted conditions if, in addition to other conditions, residual'
radioac tivity at the site has been reduced so that if institutional controls were no l'onger in
effect, members of the publ ic will not receive a dose greater than 1'00mRem/yr or, under
certain circumstances, 500 mkem/yr. The anticipation of failure is not required under
the Superfund law or any ofpa's policy documents. Instead , the possibility that
institutional controls can fail is addressed through the requirement that five year reviews
be conducted at any site where contamination is left at levels that don 't allow for
unrestricted use . Such reviews should analyze the implementation and effectiveness of
institutiona l controls with the same degree of care as other parts of the remedy. EPA also
believes emphasis must be placed on starting out with a good set of controls as discussed
in the new guidance "Institutional Controls: A Site Manager's Guide to Identifying,
Evaluating and Selecting Institutional Controls at Superfund and RCRA Corrective
Action Cleanups," EPA, September 2000.

It should be noted that neithe r DOE, ODPHE nor EPA currently envision a cleanup at
Rocky Flats that would resu lt in totally unrestricted use of the entire site. Even if cleanup
ofcontaminated' soil could be performed to a level that would allow for unrestricted use
ofthe 6,000 plus acres, certain features would remain that would mandate insti tutional
controls. These features include: municipal waste landfills that will be capped and 'left in
place, a cap over the former solar evaporation ponds, at least three passive ground'water
treatment systems, contaminated ground water plumes and some number of detention
ponds or other engineered controls for surface water.

AS LOW AS REASONABLY AC HIEVABLE (ALARA)iV

The concept of ALARA has been around for many years in the worlds of nuclear power
and nuclear weapons. Until recently it was primarily applied in the context of worker
protec tion. It was employed in thepl'anning of work and, as the name would imply, was
an attempt to reduce radiation exposure as much as possible, considering factors such as
the speci fic circumstances necessitating the exposure and the resources avai lable. An
example of the ALARA concept would be a nuclear power p lant worker who needs to
complete a task in an area near the fuel rod assembly. An analysis of the situation could
determine that given the level of radioactivity measured in the area and the length of time
necessary for the worker to complete the task, the dose to the worker from performing the
task wouldbe well below the occupational limit. The ALARA analysis would ask the
question "what additional steps can be taken to further reduce the projected dose? " for
examp le:

Is there protecti ve clothing , beyond what is currently in use, that would reduce the
worker' s dose?

iv The regulatory definition of ALARA is found in 10 CFR 20.1003
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Could the work be sequenced differently to allow the task to be completed
quicker?

Could shielding (lead bricks) be placed between the worker and the fuel rod
assembly thereby reducing exposure?

Does the worker have the best tools for the job?

Only in recent years has the concept of ALARA been used in association with
environmental restoration. The Decommissioning Rule says a site will be considered
acceptable for unrestricted use, if radioactivity results in a dose no greater than 25
mRem/yr, and the radioactivity has been reduced to levels that are as low as reasonably
achievable (ALARA). 'Thus, in addition to meeting the minimum cleanup level, all
reasonable steps should be taken to reduce the contamination level -even further. In
practice this would mean that in the design of a particular cleanup project, DOE would
evaluate additional measures aimed at reducing the contamination 'levels beyond that
called for by the RSAL. Addi tional measures could include excavation of areas where
the contamination is below the RSAL. Such an evaluation could conclude that for a
relatively small increase in cost and time they could remove significant amounts of
additional contamination.

Of course a key challenge in applying the ALARA process is it's inherently subjective
nature; what seems reasonably achievable to one may not to another. An ALARA
analys is will have to take a number of issues into consideration:

How much dose could be avoided by doing work beyond that required to meet the
RSAL?

How much would the additional work cost?

Is it techni cally feasible?

What are the risks to workers and to the public of performing additional work?

Win natura l resources/hab itat be affected ?

What are the offsi te risks associated with additional work (e.g. risk from
transportation, risks at the disposal facility) .

The rules as to when you do additional work in accordance with ALARA are not hard and
fast. The NRC Draft Regulatory Guide DG-4006, "Demonstrating Compliance with the
Radiological Criteria for License Determination," does contain formulas for use in
ALARA analyses . These formulas try to quantify the benefits of additional cleanup work
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by assigning a: monetary amount to a unit of averted dose (e.g. the benefit of avoiding a:
dose of 1 Rem is given a value of $2,000). The benefits are then compared to the cost of

conducting cleanup beyond that necessary to comply with the dose standard. The NRC
guidance on ALARA says that, based on NRC's analysis, additional soil cleanup will
generally not be cost effective if the cleanup already meets the goal' of25 mRemlyr to an
unrestricted land use scenario.

The concept of ALARA is consistent with the RfCA Vision which states where possible ,
the site will be cleaned up to the maximum extent feasible .

'PROPOSED FRAMEWORK IFOR RSALS AND CLEANUP DECISIONS

With respect to the regulatory foundation upon which an RSAi. will be constructed the
key factors are acceptable dose and/or acceptable Ievel of risk, future land use
assumptions and ALARA.

Acceptable dose and/or acceptable 'risk.

As previous ly discussed, the Decommissioning Rule is one of the key requirements that
win govern the cleanup at Rocky Flats. So at a minimum the cleanup will have to reduce
the contamination to meet the dose limits in the Rule. Dose assessments will be
performed to calculate an RS'AL that meet the 25 mRemlyrdose limit to a future user.
Given the concern that the 25 mRemlyr dose limit may not be protective ofhuman,health,
at least for some radionuclides, the DOE, EPA and OIDPHE will also calculate RSALs
based on risk, and choose the more conservative value between dose and risk. So the
only way the RSAL will be based on the 25 mRemlyr dose would be ifthe risk associated
with the dose fell within the risk range. DOE, CDPHE and EPA are considering the idea
of choosing a specific value within the risk range upon which to base a RSAL. However,
since we are not prepared at this time to choose a specific value, the Agencies will
calculate levels of residual contamination corresponding to the risk levels of ]0-4, rl O·5 and
] 0 .6.

ALARA

In accordance with the decommissioning rule, an MARA analysis will be required for
each cleanup project. This analysis will be performed at the time the time the project is
being designed, when all the necessary characterization data: and historical information
has been compiled. DOE will develop a detailed protocol for how these analyses win be
conducted, in consultation with CDPHE, EPA, Local Communities and the Publ ic, which
will outline factors to be considered and how those factors win be weighted in the final
analysis. This process for determining MARA will incorporate CERCLA balancing and
modifying criteria discussed earlier. The ALARA analysis will be part of the regulatory
decision document for each cleanup project. The results of the analysis and the proposed
action based upon the consideration ofthe analysis are subject to the normal decision
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docwnent review and regulatory approval process. This includes consideration of any
public review comments

FutureLand Use Assumptions

The Decommissioning Rule states that a site may be released for unrestricted use if
residua l radioactivity that is distinguishable from background is ALARA, and would not
result in a dose in excess of25 mRem/yr to a future user in an unrestricted scenario. The
Rule says a site may be cleaned up to a less stringent level if the party performing the
cleanup can demonstrate either: (1) the additional cleanup necessary to qualify for an
unrestricted release would cause net public or environmental harm, or (2) the
contamination levels associated with restricted use areALARA. Thus, the RFCA Parties
willi consider both restricted and unrestricted scenarios in the development ofRSAL and
cleanup Ievels. The RFCA parties have chosen eight scenarios to be evaluated as shown
in the table below.

The table wil] be completed and distributed as part of the task 3 report and wil l list a
specific activity in pCi/g for each scenario and associated dose/risk revel. The table will
be used to choose an RSAL, based on an anticipated future user, and to determ ine the
level that represents an,unrestricted future land use scenario . In addition, the table may
be a useful tool in guiding stewardship and post-closure stewardship discussions and
decisions."

RSAL l'ABLE FOR SEl.ECTED SCENARIOS~ DOSE AND RISK
Land Use Scenarios 25 mRemlyr Lifetime Risk=}'O-4 LifetimeRisk= 10-5 Lifetime Risk= 10-6
Restricted

Open Space User - Adult

Open Space User - Child

Office Worker

Wildlife Refuge Worker

Unrestricted Scenarios

Suburban Resident - Adult

Suburban Resident - Child

Resident Rancher - Adult

Resident Rancher - Child

The values for this table willbe calculated and distributed as part of the Task 3 Report

The open space user scenario was chosen because it is currently contemplated in the
RFCA , and it is quite possibible that members of the public would use the Site for open
space recreation should the site be designated a National Wildlife Refuge. The Office
Worker scenario was selected because it too is currently contemplated in the RFCA;
however at this time commercial reuse of the site does not appear likely . Wildlife refuge

v The RFCA Parties have not had substantive discussions on the value ofretaining the ex isting two-tiered'
system for RSALs, but we may wish to discuss the issue at a future Focus Group meeting.
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worker was chosen because this is the reasonably anticipated future user. We chose the
suburban resident because we believe this is the land use that would most likely occur if
the site were opened up for unrestricted use. Finally, the resident rancher scenario was
chosen so the values calculated could be compared against those calcu lated by RAe.
DOE, ODPHE and EPA do not believe the resident rancher scenario is likely as long as
the Front Range is a thriving metropolitan area.

Proposal for the RSAL and Cleanup Decisions

We propose that the RSAL be based on the reasonably anticipated land user; the refuge
worker. The RSAL will be used to determine where cleanup actions will be taken at
Rocky Flats. Once an action has been determined to be necessary (i.e. contamination is
present in excess of the RSAL), thealtematives analysis, including application of the
MARA process, for that action will include cleanup to a level that supports unrestricted
use; the suburban resident scenario. In other words, for each area of the site where
contamination exceeds the RSAL, DOE will perform an evaluation to determ ine what
level of contamination removal is reasonably achievable. While we have serious doubts
that the entire site can be cleaned to unrestricted use, it is certain that such a level:can be
achieved for many of the contaminated areas at Rocky Hats. The first ALARA analysis
will occur in conjunction with planning for the 903 pad remedial action and will give
careful consideration to the issue of surface water protection.

SUBSURFACE RSALS AND SURFACE WATER PROl'ECflON

The RSAL we plan to develop using.the framework above is meant to be protective of the
anticipated future user and will only be used to address surface contamination.
Calculations as to what an appropria te RSAL for buried contamination in the Industrial
Area will be performed at a later time when more is known about the nature and extent of
such contamination, and the possible routes of exposure. furthermore, the proposed
RSAL is not meant to be protective of the surface water standards.. Meeting the RSAL
will in no way guarantee that the surface water standard won't be violated. DOE is
obligated under the RCA to meet the surface water standard, and willi have to take the
necessary steps to do so. This could include excavation of contamination to levels below
the RSAL, re-contouring of areas in and around the industrial areastabilization measures
or the construction of engineered controls. Attachment 2 illustrates many of the factors to
be considered in decisions made for the protection of surface water standards.
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Actions Hems for 1/31/01 RFCA Focus Group meeting

John Marler will check with the RFCLOG to see if the interested members of the
community can be copied on the RSAL Review Working Group Meeting Summaries
developed for RfCLOG members. If the RFCLOG agrees, Christine Bennett will then
email them to the RSAL Review Jist.

A working group was formed to develop detailed designs for the iRSAL workshops.
They will present their proposed design. to the Focus Group at the [anuary 3iU, 2001
RFCA Focus Group meeting.

DOE will identify the guidance used in selecting land use scenarios for RSA~

development (jeremy Karpatkin)
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February 7,2001

Dear Stakeholder:

The Rocky Flats Cleanup Agreement (RFCA) Stakeholder Focus Group will meet at the
Broomfield City Hall, Bal Swan and Zang's Spur Rooms, on Wednesday, February il4,
2001 from 3:30 to 6:30 p.m.

The agenda for the February 14, 2001 meeting is enclosed (Attachment A). We will
discuss the following topics:

G Regulatory Analysis Report, Revision 2 - Discussion
G Review of RESRAD6.0 approach to air pathway
o Report-back from Workshop Design Group

The meeting minutes for the January 31, 2001 meeting are enclosed as Attachment B.

If you need additional information to prepare you for the Focus Group discussion on
January 31, 2001, please contact Christine Bennett of AlphaTRAC, Inc. at 303 428-5670
(cbennett@ alphatrac.com). Christine will help to find the appropriate resource for you.

You may call either Christine or me if you have any questions, comments, or
suggestions concerning the RFCA Stakeholder Focus Group or the upcoming meeting.

Sincerely,

C. Reed Hodgin, CCM
Facilitator / Process Manager
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Wildlife Refuge Worker
Scenario Description

Diane Niedzwiecki, Ph.D.

CDPHE, Disease Control
and Environmental

Epidemiology
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Wildlife Refuge Wocker
Scenario Description

• If Rocky Flats becomes a
National Wildlife Refuge, this
receptor likely will be
significantly exposed to any
contamination remaining on
site.

• This scenario may become the
driver for Soil Action Levels for
this site.



Types ofjob categories
included

• Secretaries" who may spend
100% of their time at work
inside.

• Scientifically trained personnel
such as biologists, foresters,
habitat management specialists,
and variousintems or trainees.

• Maintenance workers,
equipment operators and
mechanics.



Amount of time spent
outside

• Weather dependent.

• For scientifically trained
personnel:
- at least 50% of their time during

spring, summer and fall.

- Less time during the winter.

• Maintenance personnel or
equipment operators:
- often spend greater periods of

time outdoors or in shopsopen to
the outside air.



Size of exposure unit
depends upon type of

work
• Examples:

- When doing road surveys of
various types of wildlife, the
worker may be exposed to the
entire site over a several day
period.

- When trapping small mammals,
the entire study may be spent on a
100 m2 area.



Examples of specific
tasks

• Planning and interpreting studies,
planning prescribed burns, writing
management plans.

8 Performing wildlife or vegetation
surveys.

• Performing prescribed burns.

• Applying pesticides or herbicides.

• Plowing, harrowing, and planting
during revegetation programs.

• Fence building and maintenance.

• Building sheds.

• Guiding tours for the public.



Anticipated Sensitive
Pathways for

Radionuclide Exposure
• Incidental ingestion of surface

soil.subsurface soil, and
sediment.

• Inhalation of surface soil
particulates.

• External exposure to gamma
radiation.



Anticipated Sensitive
Pathways for non-radionuclide

exposure

• Incidental ingestion of surface soil,
subsurface soil, and sediment.

• Dermal exposure, especially to some
semivolatile contaminants in surface
soil, subsurface SO]], or sediment.

• Inhalation of indoor air
contaminated by volatile organic
compounds over groundwater
plumes.

• Inhalation of surface soil
particulates.



Wildlife refuge worker
summary

-Because of the type of potential
exposures to different media

.that this receptor could
potentially have, this receptor
may drive the Soil Action
Levels at Rocky Flats.
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• adult and child cases-.



/

/
/

/
/

/
/

/
/

//

/
/

/

Anticipated Sensitlve Pathways
/

/
///

//'

• !In~stion of surface sou-,
-,

-,

• lnhalatlon of surfacesoil particulate
~~

• lnqestlon ofhorneqrown ptant material
'~.~

",-,

-Ingestion of homegrown meat

'~
-,-,

-,



/

/

///"

Anticipated Pathways cont.
//

/

///
-,

• Shallow qroundwater pathway turned; on
-.-,

• lncidental external exposure to qarnma
radiation'.

/",

'" /

/

/



////

////

,/

///

/
/

/
/

/

/
//

/
,/

/

.:

'R lid /~t'/R h Slesl~fll: anc, I,er ummary
/

/

//

/
<'

• S~erall' aspects not deemed cred ibl'e
///

• represents a more hypothetical extreme
'//'''-

• wHlbe modeled as closely to iRAG
approach as possible

/~

• For comparative purposes only
'~

-,

",
".



Hello everyone,

I read over John Corsi's message that was attached to this email. I wasn't
able to attend the January 18 meeting. I'd like to get more information on
the difficulties in running RAC's resident rancher scenario in a manner
similar to the other RFCAscenarios. Would it be possible to have this
information emailed to the Focus Group prior to next week's meeting? I
think it would be helpful' if we are planning a discussion on modifying the
RAC resident rancher scenario.

Thanks,
John Mader
Rocky Hats Coalition of Local Governments

From John Corsi:

> There has been some confusion as to what was agreed to during the last
> RSAlL working group meeting.
>
> During a focus group meeting, the agencies committed to run the resident
> rancher scenario in a manner similar to the other scenarios being run.
> During a subsequent RSAL working group meeting, technical staff pointed
> out several difficulties in running the RAC-created resident rancher
> scenario ina manner similar to how the open space, office worker,
> wildlife refuge worker and surburban resident scenarios win be run. To
> achieve an "apples-to apples" comparison of all -of the scenarios, the
> resident rancher will need to be described somewhat differently than RAC
> described it.
>
> Since taking the RAC scenario off the shelf and applying it without
> modification is not achievable, we want to be sure that the scenario we
> use enables direct comparison to the other agency scenarios while
> faithfully representing the resident rancher scenario. In order to ensure
> the resident rancher scenario is described in a manner acceptable to the
> focus group, we will need further discussion with the focus group on how
> to make the necessary modifications.
>
>
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Hello everyone,

I read over John Corsi's message that was attached to this emaiL I wasn't
able to attend the January 18 meeting. I'd like to get more information on
the difficulties in running RAC's resident rancher scenario in a manner
similar to the other RFCA scenarios. Would it be possible to have this

. information emailed to the Focus Group prior to next week's meeting? I
think it would be helpful if we are planning a discussion on modifying the
RAC resident rancher scenario.

Thanks,
John Marler
Rocky Flats Coalition of Local Governments
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PRELIMINARY DRAFT
MAXIMUM SENSITIVITY PARAMETERS
PARAMETER SENSITIVITY ANALYSIS

WITH 'DEFAUlT PARAMETERS AS BASELINE PARAMETER VALUES
PU-239

RADIATION RADIATION
RADIATION DOSE AT DOSE AT

DOSE AT MINIMUM ,MAXIMUM CHANGE IN
RESRAD6.0 BASELINE MINIMUM MAXIMUM CHANGE IN BASELINE PARAMETER 'PARAMETER RADIATION
PARAMETER UNITS PARAMETER PARAMET.ER PARAMETER 'PARAMETER VALUE VALUE VALUE DOSE SENSITIVITY

(1) VALUE VALUE VAI:UE VALUE (2) (mrem) (mrem) (mrem) (mrem) COEFACIEN:r
(a) (b) (c) (d) =(c - b) (e) (f) (g) (h) =(g-f) (a"h)l(e·d)

I
I'Contaminated Zone Parameters
I:Area of, Contaminated Zone square meters 10000 3333.3 30000 266667 0,1102 0.1098 0.1107 0.0009 0'003
IThickness of Contaminated ZOne meters 2 0.67 6 5.33 0,1102 0:089 0.1102 0.0212 0:072

I
ICover and Contaminated'Zone HydroloaicalData

IIWind Speed meters/sec 2 0.67 6 5.33 0.1102 0,129' 0.108 -0,021 -0.072
,

"

'occupancy Inhalation and External Gamma Data
Inhalation Rate cubic meters/year 8400 4200 16800 12600 01102 0.1083 0.114' 0.0057 0'034

Mass Loading for Inhalation grams/rn' '0.0001: 0.000033 0.0003 0.000267 0.1102 0.1078 0.,1178 0.01 0:034
Indoor Dust-Filtration Factor 0:4 0.2 0.8 0:6 0.1.102 0.1094 0.,1119 0.0025 0'015
Indoor lime Fraction 0'5 0.25 1 0,75 '0:1102 0.101 0.129, ,0.028 0.169
Outdoor Time Fraction 0.25 0083 0.75 0.667 0:1,102 0.103 0.132 '0.029 0:099

Ingestion Pathway Dietary Data I

Fruit. Vegetabie and Grain Consumption ,kg/year 160' 53.3 480 426.7 '0.1.102 0'06 0,26 0.2 0,681

Leafy Vegetable Consumption kg/year 14 4.67 42 37.33 0.1,102 0.106 0.1235 0.0175 0.060
Soil Ingestion gram/year , 36:5 12.17 109,5 9733 0.1.102 0.093' 0,161 '0.068 0.231
Contaminated Fraction. Piant Food (3) -0.5 -0,25 -1' -0:75 0.0292 0:03 0,11 0.08 1-.826

Ingestion Pathway. Nondietary Data
Depth ofRoots meters 0:9 0.3 2.7 2.4 0.1.102 0.11 0.089 -0.021 -0,071

Plant Factors, Wet Weight CnopYield,Non-Leafy kg/m' 07 0.23 2.1 1.87 0,1102 0.1104' 0.1102 -0.0002 -0.001
Plant Factors. Translocation Factor. Non-Leafy 0.1 0.033 0:3 0.267 0.1102 0.1102 '0.1104 0.0002 0.001
Plant Factors. Weathering Removal! Constant. Non-Leafy 1/yea, 20 10 40 30 0.1102 0.1103 '0,1102 -1E-04 -0.001
Plant Factors. Dry Foliar Interception Fraction,Non-Leafy 0.25 0.083 0.75 0.667 0.1'102 0.1102' 0,1104 0.0002 0.001
Plant Factors. Weathering Removal' Constant. Leafy 1/year 20 10 40 30 0:1102 0.1103 '0.1102 -1E-04 -0.001

(1) - The:significant exposure pathways of soil inhalation, soil ingestion and plant.lnqasbon.wara assessed:
(2) - Parameters were varied by a factor 013 unless this would exceed parameter range. If,parameter range exceeded with factor 013. parameter was varied to the maximum extent withindts,prescribed.range.
(3) - Default parameter set at upper end alsensitivity range.

N/A - Not Applicabie

Preliminary Draft - Maximum Sensitivity Parameters
Pu-239
Page 1 af,1
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DISCUSS[ON PAPER ON VERIFYING RAC R.SAL CALCULATIONS
USING RESRAD 6.0

Prepared by USEP A

The Citizen's Advisory Board has requested that the RSAL Working Group perform
computations of RSALs for the most restrictive scenario modeled by the Risk Assessment
Corporation (RAC) in their Task 5 final!Report (resident rancher). In the.process of addressing
this request, the RSAL Working Group selected the most recent version of RiESRAD, Version
6.0, which has the capability of performing Monte Carlo probabilistic calculations usinginput
parameter distributions when desirable. This feature ofRESRAD makes it possible to use
"realistic" approximations ofparameters whieh are important to the modeling calculations, for
which it is difficult or unsound to select a single value (eg. a wide range of values is possible,
high uncertainty exists, etc.). Since RAC made extensive use ofthe Monte Carlo probabilistic
approach in the Task 5 calculations, it was felt that the use ofRESRAI> 6.0 might provide for a
more comparable calculation on the part of the RSAL Working Group .

.As the Working Group has gained familiarity with the features ofRESRAD 6.0, it has become
obvious that the probabilistic feature, alone, will not enable the group to replicate the RAC
approach or produce a computation of RSALs which can be compared with those calculated by
RAe. This is becauseRAC essentially wrote new computer algorithms (sub-programs) for three
ofthe most sensitive inputs into the RESRAD model used (version 5.82) , and turned off the
corresponding algorithms in RESRAD. These inputs are the Area of Contaminated Zone, Mass
Loading, and Mean Annual Wind Speed. RAe cited limitations in the RESRAD algorithms as
reasons for departing from RESRAD's basic computational approach. The alternate approach
taken by RAC consisted of a mathematically complex process of empirical curve fitting ofsoil
concentrations, "bootstrap" calculations of resuspension, use of alternate air transport modeling,
and iterative "calibration" ofthe air model to actual air sampler results, as well as incorporation
of a five year meteorological database array for the site. (See the final Task 5 Report.) While
this alternate approach arguably addresses limitations in RESRAD (note that all computer
models are limited by the approximations they use), it is not clear to the Working Group whether
RAC's approach constitutes an improvement, or produces a more reliable RSAL value.
Whatever the best RSAL approach may be, replication ofRAC's approach is certainly outside
the scope ofthe RSAL Working Group, since the group is not equipped to write , test and verify
alternative software. Because the Working Group cannot replicate the RAC calculations, it is not
possible to select values or distributions for these three key input parameters, based upon RAC's
work , which would allow a direct comparison with RAC using RESRAD 6.0.

To fulfill the agreed upon work, the group proposes to model the resident rancher scenario, as
described by RAC , using RESRAD 6.0 without modification, noting that the results should be
compared with caution to the RAe work. Whenever possible, the input parameters for this
scenario will be those used in the RAC Task 5 Report for the resident rancher (adult and child).
For the three sensitive parameters cited above, alternative approximation methods, which are
considerably simpler than those applied by RAC, but which are still conservative and complete,
will be applied. These approximations, described below, have been agreed upon conceptually by
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a technical subgroup of the working group. They appear to be feasible, and straightforward,
given the present site data:

Area of the contaminated zone. The limitation of RESRAD which RAe attempted to
address is that it models based! upon a input defined area which is presumed to be
uniformly contaminated. RAC attempted to model the contaminated zone, as precisely as
possible by using isopleths which were fitted to soil contamination values taken from the
iRFETS soil database. The subgroup believes that it is possible to greatly simplify this
approach if the contaminated zone is approximated as two zones - a smaller zone which
is uniformly cleaned up to the RSAL value, and asecond; larger zone, which contains al]
values ofcontamination ranging from the RS'AL value down to background values.
These zones would be modeled asconcentric circles, with the smaller zone lying within
the larger zone. The modeling approach would involve: 1.) Compute the annual dose,
i1Dres, to maximally exposed residents due to the large zone (area not cleaned up) using a
conservative value for the average contamination {greater than the actual average) and 2.)
Derive the RSAL value for the area to be c1'eaned up, using an adjusted annual dose limit
of [25 mrem - Dres] as the basis. This approach permits the use ofRESRAD without
modification, and still accounts conservatively for the impact of the large area of residual
contamination.

Mass loading. RAC noted! that versions ofRESRAD, available at that time did not admit
for the variability of this parameter due to wind! speed and direction, and performed!
complex alternative computation to approximate the mass loading distribution, fitted to a
Denver wind! rose, and calibrated to local air sampling data. The working group believes
that the variability ofmass loading can be addressed within the context ofRESRAD 6.0
since this parameter can be directly input as a distribution. The approach to developing
this distribution, which appears feasible to the technical subgroup, will involve the use of
past and! recent site specific resuspension data developed or incorporated by MRI!,
Radian, and the Actinide Migration Panel, including the most recent work involving wind
tunnel studiesof'burned'and unburned areas of the site. The relationships between mass
loading and wind! velocity which these site specific studies provide can be used, in
conjunction with site wind rose data (wind velocity and frequency), to construct site
specific mass loading distribution curves (shape of the curve determined by frequency)
for both the vegetated and! denuded case. Although this approach is not comparable with
the RAC approach, it is likely to be more conservative, since the dose reduction effect of
varying wind direction with respect to the receptor is not incorporated (the computer
treats the receptor as always downwind in RESRAD 6.0).

Average wind! speed. RAC incorporated the variability of wind speed ill their mass
loading model. Likewise, the working group proposes to incorporate the variability of
wind speed!in the mass loading distribution, described above. A site specific value of
average wind! speed, based on local meteorological data will be used as the input to
RESRAD6.0 for this parameter.

The working group believes that these approximation methods are sound and will enable the
group to proceed toward development of parameter distribution and modeling without undue



delay. His to be noted that the values and distributions of the three parameters described above
win be used for an of the scenarios modeled by the RSAL working group, since they represent
site conditions which are common to all scenarios.

THE RURAL RESIDENT SCENARIO

As has been stated elsewhere, the working group believes that certain aspects of the resident
rancher scenario modeled by RAC are not realistic, given the inherent features of the site, and is
performing the modeling ofthisscenario for comparative purposes only. To address the site
resident situation which the group believes is realistic, and win lead to the most restrictive
RSALs for the case where institutional controls are absent, the group proposes to model a site
specific version ofthe rural resident scenario, proposed in generic form by USEPA in its
Technical Support Document for the Soil Cleanup Rule for Radioactively Contaminated Sites
(40 CFR Part 196). This scenario, which win be modeled for both the adult and child cases, is
similar in many ways to the RAC resident rancher scenario, with shallow groundwater and meat
pathways turned off. There will also be some differences in site usage, breathing rates, and
ingestion quantities - the rural resident may be thought of as a suburban worker dwelling on a 5
10 acre farmette, a practice which is not uncommon for the general area at this time. Although
the head of the household works away from the site, the modeling win be done using adult and
child residents who spend nearly 100% oftime on site. The conservative features of this
scenario over other EPA residential scenarios (eg. suburban resident) include high site
occupancy, soil surface undisturbed by development (no credit taken for pavement, sod cover,
etc., as in a typical subdivision), and larger quantities of home-grown vegetables ingested.
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