RFCA Stakeholder Focus Group
Meeting Agenda

When: January 17, 2001 3:30 - 6:30 p.-m.

Where: Anne Campbell Room, Arvada City Hall
8101 Ralston Road

3:30-3:40 Introductions, Agenda Review, 1/3/01 Meeting Minutes Review

3:40-3:55 Progress Report on Agency Use of Focus Group Input

3:55-4:35 New Science Outline and Wind Tunnel Detail Presentation/
Discussion

4:35-5:05 RSAL Workshop Topics and Formats

5:05-5:200 Break

5:20-5:50 RESRAD Model Workshop — Objectives and Topics

5:50-6:15 Land Use Scenarios Presentation and Frame Discussion

6:15-6:30  Set Future Agendas and Review Meeting

6:30 Adjourn
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New Scientific Information

Report Qutline
L Introduction
A. Background
B. Purpose
1. Fires

A. Front Range Fires
1. Available Data
2. Likelihood of Fires
3. Impact of Fires
B. Los Alamos, Hanford and Idaho Fires
1. Available Data '
2. Impact of Fires
II. Air Resuspension Model
A. Evaluate within Selected Model (Task 2)
Iv. Wind Tunnel Studies
A. Controlled Burn and Lightning Fire
B. Impacts During Fires
C. Impacts After Fires
V. Actinide Migration Evaluation Studies
A. Particulate Transport and Solubility
Soil Erosion and Surface Water Sediment Transport
Air Transport and Deposition
Uranium in Groundwater
Actinide Contaminated Concrete
. Actinide Pathway Report
VL Status of Other Topics
A. Dose Conversion Factor
B. BEIR Studies
C. Solubility of Plutonium Oxide
VII.  Conclusions
A. Summary of Impacts on RSALs
B. Recommendations for Incorporation into RSALs
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WORKSHOP 1.
THE CODE AND ITS USE

e Workshop Purpose
» Workshop Logistics

» Workshop Schedule



WORKSHOP 1 PURPOSE

The purpose of Workshop 1 1s to:

« Give an overview of what RESRAD 6.0
calculates.

e Describe in general terms how the
calculations are performed.

e Describe what 1s required to be able to run
the code.



WORKSHOP 1 PURPOSE

« Walk through a sample problem
step-by-step.

This would include:
Going through the input step-by-step.
Running the Code.
Examining the output files and graphics,
working through them one-by-one and
explaining how to interpret them.



WORKSHOP 1 LOGISTICS

e Every participant should have a computer or
at least share with only one other person a
computer that has RESRAD 6.0 loaded and
running. Several participants may have
their own laptop computers with RESRAD
6.0 already loaded and it 1s assumed that
they will bring them.



RESRAD 6.0 WORKSHOPS

A Proposal by:
Gerald L. DePoorter, Ph.D.

Emeritus Professor of Metallurgical
and Materials Engineering
Colorado School of Mines
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RESRAD 6.0 WORKSHOPS
Two Workshops are Suggested:
« RESRAD 6.0 The Code and Its Use ‘

e Parameter Selection for RSALSs at the



WORKSHOP 1 LOGISTICS

« The workshop presenter must have a
computer linked to a projector so that his or
her process can be followed by all the
workshop participants on a large screen at
the front of the room.

e The sample problem must be gone through
slowly and carefully enough so that no
participants get lost.



WORKSHOP 1 LOGISTICS

» The D.O.E. should determine the computer
requirements of the group of participants
before the workshop 1n order that enough
computers are available.

e The room for the workshop should be
adequate to meet the working needs of the
anticipated number of participants.



WORKSHOP 1 SCHEDULE

* The workshop should be scheduled for a
full day - 8AM to SPM. In addition to a
lunch break, there needs to be a morning
and afternoon break.

e An evening session should be provided for
those less technically inclined or unable to
attend for the full day.



WORKSHOP 1 SCHEDULE

* The first workshop should be held as soon
as 1s practical.

e Potential participants should be surveyed
early enough on to determine computer and
room size needs.



WORKSHOP 2
Parameter Selection for RSALSs at the RFETS

* Workshop Purpose
. Workshop Logistics

* Workshop Schedule



WORKSHOP 2 PURPOSE

The purpose of Workshop 2 - Parameter
Selection for RSALs at the RFETS - 1s to
assemble together technical experts in a
panel format to discuss, debate, and answer
questions on the selection of the parameters
to be used in the RESRAD 6.0 calculations
for the RFETS RSALSs.



WORKSHOP 2 LOGISTICS

* D.O.E should consult with the RFCA focus
group, the RFCLOG, and the RFCAB on
the make up of the panel of experts.

* The panel members should be given
sufficient lead time to adequately prepare

- for the panel discussion.



WORKSHOP 2 LOGISTICS

 Again, a room large enough should be
provided for the workshop.

e Appropriate audio-visual aids should be
available to the panel.

e The panel discussion should be facilitated.



WORKSHOP 2 SCHEDULE

» The workshop should be scheduled for a
full day - 8AM to 5PM. In addition to a
lunch break, there needs to be a morning
and afternoon break.

~ * An evening session should be provided for

those less technically inclined or unable to
attend for the full day.



WORKSHOP 2 SCHEDULE

 Workshop 2 should be held as soon as 1s
practical after Workshop 1.



QUESTIONS?




SUMMARY OF LAND USE AND EXPOSURE SCENARIOS TO BE USED IN CALCULATING THE RSAL
FOR ROCKY FLATS CLEANUP

LAND USE SCENARIOS

Open Space (Buffer Zone Only - RFCA Scenario) - The Open Space Scenario anticipates access by the public to
large portions of the Site in a manner similiar to in a manner similar to how open space areas similar to RFETS are
used in Jefferson or Boulder county. Stay times and open space useability would be based upon the most recent
survey data from Jefferson County.

Office Worker (Industrial area only - RFCA Scenario) - The Office Worker Scenario is described by RFCA and
is oriented toward the potential for the industrial area to be the site of commercial activity post interim site
condition. There are currently no plans for such use.

Refuge Worker (considered most likely future land user for bufferzone) - If the proposed legislation for
designation of Rocky Flats as a wild'life refuge is adopted, the most likely future user will be the Wildlife Refuge
worker (WRW). Significant survey data from California and Colorado has been collected regarding the activities
associated with the WRW, and will be used to help define the RF WRW activities and potential for exposure.

Suburban Resident (failure of institutional controls) - Some institutional controls are anticipated as part of the
final site remedy. If ICs fail, the default land-use scenario willbe a future suburban resident. This is based in large
measure on the development patterns being witnessed today in Northeast Denver.

Resident Rancher - The Resident Rancher is not considered realistic, either for the future land user, or for
institutional controls failure, but RSALs protective of the resident rancher will be calculated.

EXPOSURE SCENARIOS

25 mrem/yr - 25mrem/yr comes from the NRC decommissioning rule which has been determined'by EPA and
CDPHE to be an ARAR for the Rocky Flats cleanup. If 25 mrem/yr is used, but it is outside the CERCLA risk
range, then additional cleanup beyond the action level would be required to ensure final cleanup falls within the
CERCLA risk range.

Risk =107-10° - CERCLA requires the final cleanup to be within the CERCLA risk range of 10 - 10°. This
represents a range of two orders of magnitude or a factor of 100. The RSAL will be calculated for each order of
magnitude as a basis for comparison of risk, and for comparison to the doese-based approach.

Land Use Scenarios RSAL TABLE FOR SELECTED SCENARIOS, DOSE AND RISK

25 mrem/yr Lifetime Risk = Lifetime Risk =  |Lifetime Risk =

10* i10'5 10°

Open Space User ~Adult 3
Open Space User — Child [no risk calc]| [no risk calc]j . [no risk calc]
Office Worker | |
‘Wildlife' Refuge Worker |
(most likely future land use)
Surburban Resident — Adult
ISurburban Resident — Child [no risk calc] [no risk calc] . [no risk calc]
Resident Rancher — Adult I |
Resident Rancher — Child [no risk calc]| [no risk calc] [no risk calc]

Once the model has been selected (anticipated to be RESRAD 6.0), distributions have been established for sensitive
parameters, and deterministic values have been set for non-sensitive parameters (or sensitive parameters for which a
distribution is not appropriate) then computer runs will be completed for each scenario and for each dose or risk
value. The results will be summarized in the table above.
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RFCA Stakeholder Focus Group
January 17, 2001
Meeting Minutes

INTRODUCTION AND ADMINISTRATIVE

A participants list for the January 17, 2001 Rocky Flats 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 included:

¢ Progress Report on Agency Use of Focus Group Input

¢  New Science Outline and Wind Tunnel Detail Presentation/ Discussion
e Radioactive Soil Action Level (RSAL) Workshop Topics and Formats

* RESRAD Model Workshop — Objectives and Topics

* Land Use Scenarios Presentation and Frame Discussion

Reed asked the Focus Group if there were any changes or additions / corrections to the
January 3, 2001 meeting minutes.

A member of the Focus Group asked why questions, answers, and comments in the
meeting minutes were not attributed. Reed responded that this was done so that
discussions would be associated with the focus group as a whole, rather than as
conversations among individuals.

Reed indicated that a large effort was involved in producing meeting minutes at the
current level of detail. He asked if this amount of detail was useful to the group.
Although one member asked for briefer minutes, a number of Focus Group members
indicated that the existing level of detail was useful and that the minutes were used for -
reviews and briefings. Reed agreed to continue producing meeting minutes at the
current level and invited members to contact him with further suggestions.

RSAL REVIEW CONFERENCE CALLS

ADMIN RECORD




RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

Reed introduced Jerry Henderson of the Rocky Flats Citizens Advisory Board (RFCAB)
with a concern about the RSAL conference calls. Jerry noted that the RSAL conference
calls had been discontinued and asked the group if there was a need for these calls. A
group discussion followed.

The U.S. Department of Energy (DOE) noted that the conference calls (which were
expensive and effort intensive) had been discontinued because low participation by the
community (one or two participants per call) indicated that there was no real need for
the calls. A member of the Focus Group noted that the calls had not been well
advertised, and that may have contributed to the lack of participation.

The discussion led toward a belief that the summary information presented in the
conference calls would be useful for members of the community who could not attend
the RSAL Working Group meetings.

It was noted that a summary of decisions and action items is created at each RSAL
Working Group meeting. It was agreed that this summary would be submitted to
AlphaTRAC, Inc., which would distribute it by email to Focus Group members.

It was also noted that John Marler develops summaries of the RSAL Working Group
meetings for the Rocky Flats Council of Local Governments (RFCLOG). He agreed to
check with the RFCLOG to determine if the summaries can be more widely distributed.
If the RFCLOG agrees, AlphaTRAC, Inc. will distribute these summaries to Focus
Group members by email.

PROGRESS REPORT ON AGENCY USE OF THE FOCUS GROUP
INPUT

One of the primary goals of the RFCA Stakeholders Focus Group is to provide input to
the RFCA Agencies regarding decisions about cleanup at Rocky Flats. The RFCA
Agencies have agreed to periodically provide feedback to the Focus Group on how the
group’s input is being used.

AlphaTRAC, Inc. 2 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

Tim Rehder of the U. S. Environmental Protection Agency (EPA) stated that Focus
Group input was currently being used to create a revision of the Regulatory Analysis
(Task 1) report on the RSAL Review.

He indicated that one key input was the need to address a preference in the Nuclear
Regulatory Commission (NRC) regulation for cleanup to unrestricted release. He stated
that the revised regulatory analysis approach calls for development of an RSAL for
anticipated use and an RSAL number for unrestricted use. Then the DOE would have
to demonstrate why they can not achieve the RSAL for unrestricted use in each
individual cleanup using the As Low As Reasonably Achievable (ALARA) approach.

Joe Legare of DOE responded, stating that some of the language was still being
negotiated among the RFCA Agencies. He indicated that DOE’s perspective was to use
ALARA to prove that cleanup at a specific site would result in doses or risk that were
“as low as reasonably achievable” and that the unrestricted use RSAL value would be a
target. He indicated that there was no burden of proof for why the unrestricted value
could not be reached, but rather a burden of proof for why the cleanup level achieved
was “as low as reasonably achievable.” DOE and EPA agreed that they were in
agreement and that the language would be worked out.

Tim stated that another influence from the Focus Group was on the choice of risk level
within the Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLA) risk range. Based on Focus Group input, the full CERCLA range will
be examined, not just 10 This will be accomplished by calculating RSAL values for 10-
4,105, and 10%.

Tim also noted that the Focus Group had asked for an independent peer review of the
RSAL Review process, and that the agencies had agreed and DOE was funding the
activity.

Tim stated that the Focus Group had asked for Workshops concerning the RSAL review
and that DOE had agreed to fund the workshops.

Steve Gunderson of the Colorado Department of Public Health and Environment
(CDPHE) added that the RFCA Agencies were putting a great deal of effort into
involving the community through the Focus Group and other means. He stated that the

AlphaTRAC, Inc. 3 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

effort was much greater than originally anticipated. Most of this effort was going to
informing the community about the cleanup process and responding to community
requests for analysis and information.

Joe Legare of DOE said that the agencies were working very hard to meet their
commitment of “no surprises.” He reminded the members of the Focus Group that this
was a two-way street.

Reed closed the conversation by noting that the RFCA Focus Group is a unique attempt
on the part of the agencies and the community to work collaboratively throughout the
cleanup process.

NEW SCIENCE OUTLINE AND WIND TUNNEL DETAIL
PRESENTATION / DISCUSSION

New Science Qutline

Joe Legare of DOE briefed the Focus Group on the current outline for the New Science
Report for the RSAL Review (see Appendix B for the outline). Joe introduced Sandi
MacLeod of DOE and indicated that Sandi would be authoring the report. He asked
that the Focus Group review the outline and the information provided in the briefing
and submit comments and suggestions (especially for additional topics) back to Sandi.
He then briefly summarized progress in the main areas of new science.

Fires

Information and knowledge gained from the wildfires of 2000 at DOE sites will be
collected and reported.

A member of the Focus Group asked that the findings from the Secretary of Energy’s
national review panel on wildfires be incorporated. DOE agreed.

AlphaTRAC, Inc. 4 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

Air Resuspension Model
Radian Corporation has been contracted to review and report on the differences in the

air resuspension approaches in the three versions of the RESRAD model - Version 5.8,
the Risk Assessment Corporation (RAC) version and Version 6.0.

Wind Tunnel Studies

The results and implications from the recent wind tunnel studies of resuspension
following fires at Rocky Flats (prescribed burn and wildfire) will be analyzed and
reported.

Actinide Migration Evaluations

DOE and Kaiser-Hill have been investigating particulate transport and solubility for

some time. The report will summarize these new findings about the behavior of
plutonium in the environment.

Status of Other Topics

Biological Effects of Ionizing Radiation (BEIR) Studies

The New Science Report will summarize the latest findings from the BEIR studies.

Joe indicated that the schedule for the New Science report would be updated in a
meeting on January 18, 2001. He asked for comments.

A member of the Focus Group indicated that the new findings on cancer risk slope

factors and dose conversion factors should be included in the New Science Report. Joe
agreed.

AlphaTRAC, Inc. 5 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes ' January 17, 3:00-6:30 p.m.

Wind Tunnel Detail Presentation

Bob Nininger of Kaiser-Hill gave a summary briefing on the Wind Tunnel study.

Bob stated that the wind tunnel studies had been conducted to gather site-specific
information on the resuspension of soil by wind at Rocky Flats. It was felt that the
generic data found in the literature may not be sufficiently representative for this
important exposure pathway.

Bob presented a briefing that summarized three topics:

¢ The wind tunnel and its operation,
* The wind tunnel tests at Rocky Flats, and
e Initial results from the wind tunnel tests.

The briefing slides are unavailable. They will be sent as soon as received.
A discussion followed the presentation.

A member of the Focus Group noted that the reduction in resuspension over time since
the prescribed burn (as shown in wind tunnel test results) could be due to factors other
than vegetation recovery after the burn. For instance, soil blown away by the wind
while the surface was bare would not be available for later resuspension.

It was noted that the wind tunnel is not an exact replication of the winds at Rocky Flats,
because the gustiness of the winds could not be fully reproduced in the wind tunnel.

A member of the Focus Group asked how long after a wind event would particulates be
available for resuspension again. Bob answered that cracking of the soil, freeze/thaw
cycles, etc. would probably make material available again in 1 - 2 weeks.

A member of the Focus Group noted that a probabilistic distribution of mass loading for
resuspension would be the hardest input to develop for the RESRAD model. Bob
responded that the episodic nature of wind resuspension would make it difficult to
come up with the representative annual values that RESRAD would need, but that the
meteorological data needed to do the analysis was available.

AlphaTRAC, Inc. 6 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

A comment was made that a peer review of the original wind tunnel study questioned
the placement of the wind tunnel with respect to the wind. Bob responded that the
wind tunnel investigated the microphysics of resuspension and that it generated its
own wind.

A Focus Group member noted that a peer reviewer had commented that the directional
alignment of the wind tunnel might be important because winds from different
directions might resuspend material differently. Bob responded that the wind tunnel
was set down on several undisturbed patches within an overall study area. There was
no attempt to align it in specific directions because it wasn’t felt that there was a
directional preference for resuspension.

RSAL WORKSHOPS TOPICS AND FORMATS

Reed introduced the topic, saying that the objective for the discussion was to decide on
the topics and formats for the upcoming RSAL workshops. He told the group that he
had asked Gerald DePoorter to develop and present a strawman to initiate the
discussion, in part because Gerald understood the background for a similar request
made by the RFCAB.

Gerald began his presentation by emphasizing that he was not representing the RFCAB,
but was rather presenting his ideas as an individual member of the Focus Group (see
Appendix C for Gerald’s slide presentation). He summarized a two workshop series:

Workshop 1: RESRAD 6.0 and Its Use, and
Workshop 2: Parameter Selection for RSALs at the RFETS.

He indicated that the purposes for the RESRAD workshop would be:

* Overview of what RESRAD 6.0 calculates,

* Describe in general terms how the calculations are performed,
¢ Describe what is required to be able to run the code, and

*  Walk through a sample problem step-by-step.

AlphaTRAGC, Inc. 7 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

Hands-on computer operation (model runs) by the participants would be a
distinguishing feature of this workshop.

The purpose for the Parameter Selection workshop would be:

* Assemble together technical experts in a panel format to discuss, debate, and answer
questions on the selection of the parameters to be used in the RESRAD 6.0
calculations for the RFETS RSALs.

A group discussion followed Gerald’s presentation.

The group was divided on whether hands-on training for operating RESRAD 6.0 was an
important workshop activity.

The idea of holding training as a separate meeting or a separate session during the
workshop was raised.

The possibility of using local resources to conduct initial RESRAD training was brought
up, to be followed by an “advanced” session with experts on the code from Argonne

National Laboratory.

It was noted that it would be essential that experts from Argonne National Laboratory
and from the RAC (John Till) participate in person.

Ways to minimize the number of separate trips and maximize the usefulness of the out-
of-town experts were presented and discussed.

The need to address dose conversion factors and risk slope factors was raised.

The possibility of having a separate workshop on the regulatory basis for RSALs was
raised. This workshop might include representatives from EPA, DOE, and NRC.

At the end of the discussion the following meetings were outlined:

1. RESRAD Training Class

AlphaTRAC, Inc. 8 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

* Occurs before the main workshops
* Taught by local resources

2. A two-day Workshop
Day 1: RESRAD

Early morning: “Advanced Seminar on Operating RESRAD”
Taught by: Argonne National Laboratory and RAC

Late Morning and Afternoon: “The RESRAD Model and its Application to RSALs at
Rocky Flats”

Topics:

* Basis for RESRAD

* Application of RESRAD in RAC study

e Changes to RESRAD and effects

e Risk / probability in RESRAD 6.0

* Parameters chosen for RESRAD

* Applicability to RFETS

* Ground and surface water in RESRAD

* RAC views on RESRAD implementation
* Questions regarding RAC study

* Questions regarding 6.0 source code

Day 2: Parameters for RSAL Development at Rocky Flats

Topics to be determined, but will include Dose Conversion Factors and Risk Slope
Factors
Taught by: Argonne National Laboratory and RAC

A suggestion was made that a committee be formed to develop a detailed workshop
design for submittal to the Focus Group at the January 31, 2001 meeting. The following
Focus Group members volunteered to develop the design:

AlphaTRAC, Inc. 9 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

e Victor Holm,

e Gerald DePoorter,
o Kent Brakken,

¢ John Marler.

LAND USE SCENARIOS PRESENTATION AND FRAME DISCUSSION

Steve Gunderson of CDPHE briefed the Focus Group on the land use scenarios selected
for the RSAL Review. A summary of the land use and exposure scenarios is provided
in Appendix D.

Steve indicated that five land use scenarios would be analyzed in the RSAL Review:

Open Space (Buffer Zone Only - RFCA Scenario) - The Open Space Scenario
anticipates access by the public to large portions of the Site in a manner similar to in a
manner similar to how open space areas similar to RFETS are used in Jefferson or
Boulder county. Stay times and open space usability would be based upon the most
recent survey data from Jefferson County.

Office Worker (Industrial area only - RFCA Scenario) - The Office Worker Scenario is |
described by RFCA and is oriented toward the potential for the industrial area to be the
site of commercial activity post interim site condition. There are currently no plans for
such use.

Refuge Worker (considered most likely future land user for bufferzone) - If the
proposed legislation for designation of Rocky Flats as a wild life refuge is adopted, the
most likely future user will be the Wildlife Refuge worker (WRW). Significant survey
data from California and Colorado has been collected regarding the activities associated
with the WRW, and will be used to help define the RF WRW activities and potential for
exposure.

Suburban Resident (failure of institutional controls) - Some institutional controls are
anticipated as part of the final site remedy. If ICs fail, the default land-use scenario will

AlphaTRAC, Inc. 10 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes 4 January 17, 3:00-6:30 p.m.

be a future suburban resident. This is based in large measure on the development
patterns being witnessed today in Northeast Denver.

Resident Rancher - The Resident Rancher is not considered realistic, either for the
future land user, or for institutional control failure, but RSALs protective of the resident
rancher will be calculated.

Steve indicated that RSALs would be calculated for both adult and child user for the
open space user, the suburban resident, and the resident rancher. Four different adult

exposure scenarios would be applied for all land use scenarios:

e 25 mrem dose,

e 10*risk,
o 105 risk, and
o 10°risk.

The 25 mrem dose exposure scenario would be calculated for child users.
A brief discussion followed the presentation.

A member of the Focus Group asked about the scientific basis for choosing the
scenarios. The agencies responded that the basis for the scenarios selected would be
discussed in the Task 1 report, while the details of the scenarios would be presented in
the Task 3 report.

A member of the Focus Group asked if it would be possible to assume a longer
residency time than the 30 years recommended in CERCLA. The agencies responded
that RESRAD could run a longer residency time, that the choice of 30 years is a
parameter issue rather than a modeling issue. The 30 year exposure duration is used
because it is the 90t percentile residency period for the United States. There is some
guidance from EPA Region VI that 40 years may be more appropriate for a rancher.

A member of the focus group commented on the CERCLA term “reasonably maximally
exposed individual." “Does that mean the period that the wildlife refuge might exist?
Or does that mean for the period that the plutonium might remain dangerous? Let's be
real and think about that question and not simply assume that a bill passed in Congress

AlphaTRAC, Inc. 11 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

next year or the year after is going to define conditions at Rocky Flats forever. We all
know that isn't the case.”

CDPHE commented that the RAC study had shown that the period immediately after
cleanup was responsible for most of the dose from the residual contamination and that
contributions from later years drop off rapidly due to weathering and other physical
forces.

Steve Gunderson of CDPHE closed the discussion by pointing out that residual
contamination would remain after cleanup at Rocky Flats. Crafting the agreement for
long term stewardship — institutional controls, surface water protection, etc. will be a
critical step in the overall cleanup process and will be an essential dialog among the
agencies and the community.

Agenda Items

The focus group agreed on the following topics for the next two meetings:
January 31, 2001

* RSAL workshop design team report back and discussion

* Regulatory Analysis questions for peer reviewers

* [Land use scenarios — continued discussion

February 14, 2001

» Revision 2 of the Regulatory Analysis report - discussion

* RSAL Working Group progress report
» Review of RESRAD 6.0 approach to air pathway

ADJOURNMENT

The RFCA Stakeholder Focus Group meeting was adjourned at 6:30 p.m.

AlphaTRAGC, Inc. 12 Version 1: 1/25/01
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RFCA Stakeholder Focus Group Arvada City Hall
Meeting Minutes January 17, 3:00-6:30 p.m.

Summary of Actions and Commitments

e Provide summaries of RSAL Working Group meetings (action items and decisions)
to AlphaTRAC, Inc. for distribution (Agencies).

e Distribute summaries from RSAL Working Group meetings to Focus Group
members via email (AlphaTRAC, Inc.).

» 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 (John Marler).

e Distribute RFCLOG summaries from RSAL Working Group meetings to Focus
Group members via email if RFCLOG agrees (AlphaTRAC, Inc.).

e Incorporate findings from DOE national wildfire review panel in New Science
Report (DOE).

* Incorporate new findings on cancer risk slope factors and dose conversion factors
should in the New Science Report (DOE).

e Develop a proposed design for two RSAL Workshops and present the design to the
Focus Group at the January 31, 2001 RFCA Focus Group meeting (Workshop Design
Committee).

» Identify guidance used in selecting land use scenarios for RSAL development and
provide to the Focus Group at the January 31, 2001 Focus Group meeting (DOE).
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PURPOSES ONLY
RADIONUCLIDE SOOIl ACTION LEVEL
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 Flats. Among the reasons for the reevaluation are that the draft EPA
Radiation 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 readability. 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 level for radionuclide
contamination in soils at Rocky Flats®. In short, An action level is a numeric level that,
when exceeded, triggers an evaluation, remedial action, and/or management action. The
radionuclide soil action level (RSAL) is expressed in terms of the amount of radioactivity
per unit mass of soil; specifically picocuries/gram (pCi/g). Having an RSAL that is
protective 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 CDPHE used the draft EPA
Radiation Site Cleanup Regulation, 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.

40 CFR 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

® See, “Action Levels for Radionuclides in Soils for the Rocky Flats Cleanup Agreement”, Final
10/31/1996
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no greater than 15 millirem/year (mRem/yr). The draft rule went on to say that if
institutional controls (i.e. Iegal 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 15/85 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
mRenv/yr or 85 mRem/yr dose to a future site user. In order to make that calculation,
assumptions were made as to how the land will be used in the future. The assumption as
to the future use of a site is one of the most important factors in assessing the risk posed
by a contaminated site because a person who lives on a 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 of the 400-acre Industrial Area that 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 mRem/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 would equate to an 85 mRem/yr dose to a suburban resident.

The calculated RSALs for these various scenarios are given below:

| Scenario Specific Activity Pu-239' |

| 15 mRem/yr Dose to Office Worker 562 pCi/g

' 15 mRem/yr Dose to Open Space User 4,145 pCi/g |

| 85 mRem/yr Dose to Suburban Resident | 651 pCi/g ]

To set 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 of 562 pCi/g Pu-239 in the Industrial Area and 651 pCi/g
Pu-239 in the Buffer Zone were chosen.

DOE, EPA and CDPHE also established a lower tier of RSALs that would trigger a
different type of action than the “Tier 1 RSALs” discussed above. When contaminants

' The specific activity given is a sum-of-the-ratios number that assumes Am-241 is present and the ratio of
Am-241 to Pu-239 is 0.18.
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are found to exceed the Tier 1 action level, it will generally trigger an actton such as
removal or stabilization in place. Exceeding the Tier 2 value would generally trigger a
less aggressive action which may include “hotspot” removal, capping or access
restrictions. The Tier 2 RSAL for Pu-239 is based on a 15 mRem/yr 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 well as some EPA policy documents on the subject. These
developments called the regulatory basis for the current RSALs into question.

The RFCA parties as part of this review are considering two principal regulatory
authorities as the basis 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 a remedial 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 determined.
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)® which governs the cleanup of facilities that are licensed by the
NRC, or by States that have had that authority delegated to them. The NRC cleanup
regulation states that a site will be considered acceptable for unrestricted use if residual
radioactivity, distinguishable from background, results in a dose to the average member
of the critical group” no greater than 25 mRem/yr, and the residual radioactivity has been
reduced to levels that are as low as reasonably achievable (ALARA). The rule goeson to
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 legally enforceable institutional controls.

¢ See, 10 CFR 20, subpart E.

? The term “critical 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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- 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 radioactivity 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.

The NRC does not have regulatory authority over a DOE facility such as Rocky Flats 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 the rule 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 Flats:

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. '

To be acceptable for unrestricted use, the residual radioactivity levels must be "as
low as reasonably achievable ("TALARA")," AND in any case may not exceed 25
mRem/yr. Put another way, if it is reasonable to achieve a level of residual
contamination that results in a lower does than 25 millirems/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
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

% 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 www.rfets.gov, under Focus Group.
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institutional controls are in place, AND may not exceed 100 millirems per year,
assuming the institutional controls fail.

The NRC rule does provide that alternative decommissioning criteria (i.e., it
allows establishment of a number different from 25 mRem/year) 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 ALARA.

o The person seeking the alternative criteria has demonstrated that it is
unlikely the TEDE to the average member of the critical group would
exceed 100 mRem/yr; and

o Durable, enforceable institutional controls have been imposed to minimize
€Xposures.

It is important again to emphasize the difference between a cleanup level 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 remedial action and
cleanup levels are the levels of contamination 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.

CERCILA 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
circumstances, 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 applicable or relevant and
appropriate requirements (ARARs).

EPA generally defines “protective of human health” as a level that represents an

excess cancer risk to an individual in the range of 10*to 10°® (11n 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.’

? U.S. EPA, “Risk Assessment Guidance for Superfund Volume I Human Health Evaluation Manual (Part
A) Interim Final,” EPA/540/1-89/002, December 1989. U.S. EPA, “Risk Assessment Guidance for
10/03/06PRE-DECISIONAL DRAFT — NOT ENDORSED BY THE DOE, EPA OR CDPHE - FOR 5
DISCUSSION PURPOSES ONLY rev 2



PRE-DECISIONAL DRAFT - NOT ENDORSED BY THE DOE, EPA OR CDPHE - FOR DISCUSSION
PURPOSES ONLY

(Please see attached memo on Radiation Risk and Dose for more information
on the issues of slope factors and converting dose to risk.)

EPA has determined that the dose limits in the NRC rule are generally not
protective of human 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 determined 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 for 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 mRem/yr should generally be the maximum dose limit for
humans. This dose limit equates to approximately 3 x 10 (3 in 10,000) lifetime
risk. (Please see attachment 1 for discussion of how the value 3 x 107 was
calculated)

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

WHERE WITHIN THE RISK RANGE (Should a Cleanup Level Fall)?

There is a lot of room for discussion when a range covers two orders of magnitude as the
acceptable risk range does. EPA regulations and policies indicate that cleanups which
result in site risks being reduced to levels anywhere within the range are acceptable. The
National Qil and Hazardous Substances Pollution Contingency Plan (NCP) says the 10°
risk level will be used as the point of departure 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" and the non-
carcinogenic hazard quotient is less than 1, action is generally not warranted unless there
are adverse environmental impacts. This indicates that cleanup that reduces site risks to a

level of 10™ is perfectly acceptable. On the other hand, the same directive says once a

Superfund: Volume I — Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary
Remediation Goals”, EPA/540/R-92/003, December 1991.
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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 107, explore options for
reducing the risk well beyond 10™. 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 of the 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 level of support 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 Udall have introduced legislation that would turn 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 of the RFCA.

Making decisions on the degree of cleanup based upon the anticipated future land use is
consistent with EPA regulations and policy. The preamble to the National Contingency
Plan (N CP)f 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 NCP goes on to say “the assumption of future
residential land use may not be justifiable if the probability that the site will support
residential use in the future is small.” The EPA guidance document “Land Use in the
CERCLA Remedy Selection Process,” May 25, 1995, says that in general, objectives
should be developed that would achieve cleanup levels associated with the reasonably

¢ See, 40 CFR 300.430(e).

f Suggest putting in citation. »
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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 land 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. The Rule says cleanup
levels that allow unrestricted use are generally preferable to levels that require restricted
use. DOE agrees that unrestricted use is preferable, but believes the clear intent of the
rule to allow restricted 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. residential 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 institutional controls were utilized to meet the 15
mRem/yr limit, the site must be cleaned up to levels that ensure individuals are not
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
termination under restricted conditions if, in addition to other conditions, residual
radioactivity 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. The anticipation of failure is not required under
the Superfund law or any of pa’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
institutional 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
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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 neither DOE, CDPHE nor EPA currently envision a cleanup at
Rocky Flats that would result in totally unrestricted use of the entire site. Even if cleanup
of contaminated soil could be performed to a level that would allow for unrestricted use
of the 6,000 plus acres, certain features would remain that would mandate institutional
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 ACHIEVABLE (ALARA)*

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
protection. It was employed in the planning of work and, as the name would imply, was
an attempt to reduce radiation exposure as much as possible, considering factors such as
the specific circumstances necessitating the exposure and the resources available. An
example of the ALARA concept would be a nuclear power plant 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 would be 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
example:

Is there protective clothing, beyond what is currently in use, that would reduce the
worker’s dose?

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

* The regulatory definition of ALARA is found in 10 CFR 20.1003
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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. Additional 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
analysis 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 technically feasible?

What are the risks to workers and to the public of performing additional work?
Will natural resources/habitat be affected?

What are the offsite 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
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 of 25 mRem/yr 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 FOR RSALS AND CLEANUP DECISIONS

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

Acceptable dose and/or acceptable risk.
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As previously discussed, the Decommissioning Rule is one of the key requirements that
will 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 RSAL that meet the 25 mRem/yr dose limit to a future user.
Given the concern that the 25 mRem/yr dose limit may not be protective of human health,
at least for some radionuclides, the DOE, EPA and CDPHE 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 mRem/yr dose would be if the 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 107, 10° and
10°.

ALARA

In accordance with the decommissioning rule, an ALARA 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 will be
conducted, in consultation with CDPHE, EPA, LLocal Communities and the Public, which
will outline factors to be considered and how those factors will be weighted in the final
analysis. This process for determining ALARA 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 of the analysis are subject to the normal decision
document review and regulatory approval process. This includes consideration of any
public review comments

Future Land Use Assumptions

The Decommissioning Rule states that a site may be released for unrestricted use if
residual radioactivity that is distinguishable from background is ALARA, and would not
result in a dose in excess of 25 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 are ALARA. Thus, the RFCA Parties
will consider both restricted and unrestricted scenarios in the development of RSAL and
cleanup levels. The RFCA parties have chosen eight scenarios to be evaluated as shown
in the table below.

The table will be completed and distributed as part of the task 3 report and will list a
specific activity in pCi/g for each scenario and associated dose/risk level. The table will
be used to choose an RSAL, based on an anticipated future user, and to determine the
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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 TABLE FOR SELECTED SCENARIOS, DOSE AND RISK

Land Use Scenarios 25 mRem/yr Lifetime Risk=10-4 LLifetime Risk= 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 will be 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
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 calculated by RAC.
DOE, CDPHE 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), the alternatives analysis, including application of the
ALARA 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 determine 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 Flats. 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.

* The RFCA Parties have not had substantive discussions on the value of retaining the existing two-tiered
system for RSALs, but we may wish to discuss the issue at a future Focus Group meeting.
PRE-DECISIONAL DRAFT — NOT ENDORSED BY THE DOE, EPA OR CDPHE - FOR 12
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SUBSURFACE RSALS AND SURFACE WATER PROTECTION

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 appropriate 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 will 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 area, stabilization 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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Actinide Modeling

Wind and activities that disturb contaminated soil
can result in actinide emissions to the air.

Key element of future potential exposure/risk is
resuspension of Pu and Am.

In FY99 and FY00, modeling has been performed
to examine various scenarios:

— Chronic resuspension from contaminated soils, pre-and
post-closure. |

— 903 Pad Remediation

— D&D of a Building with pockets of undetected
contamination

— Wildfire actinide emissions



Actinide Modeling Results

- Modeling of chronic resuspension overpredicts
air concentrations in predominant wind direction
- toward Indiana.

Post-D&D - Assuming cleanup to current Tier-1
levels, increased soil exposure may result in
small increases in airborne concentrations
During remediation of 903 Pad, emissions are not
predicted in excess of protective standards.
Wildfires will not result in smoke-borne Pu/Am
exposures greater than protective EPA standard.
Post-fire actinide concentrations in air were
increased a factor of 5 compared to unburned
scenario, pre-recovery.



Unresolved Modeling Issues

« Have not modeled the contributions from
exposed roadways on which there is actinide
deposition.

« Observed soil-actinide concentrations on plants
are not consistent with soil concentrations
beneath plants.

« Site-specific resuspension factors existed only
for vegetatively-covered soils; post-fire emission
scenarios were not well characterized.

Planned prescribed Burn offered
opportunity to characterize wind erosion.



Wind Tunnel Test Configuration
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Wind Tunnel

Prescribed Burn Site -- April 7, 2000
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Wind Erosion Testing
April 2000




Wind Tunnel Test Objectives

Measure Erosion Potential of burned and
unburned soil plots.

Observe differences in size-distribution of
“burned” and “unburned” airborne dust.
Measure “dustiness” of soils with different
moisture content in burned and unburned areas.
Determine differences in organic/elemental
carbon in resuspended soils, burned and
unburned.

If sufficient radionuclides are present (Wildfire),
compare relative activity in soil and airborne
dust.



DustTrak™ Resuspension Profile
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PM-10 Release vs Wind Speed

Prescribed Burn - DustTrak™ Measurements

Prescribed Burn Area
Average values for test periods
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“Dustiness Testing”

Measure of Soil’s Tendency to Erode

Table 1. Results of Preliminary PM-10 Dustiness Tests

Mess Mess | Dustiness
47 mm Filter Test Maoisture m callected index
cartrige ID_ Serrple label () (¢) (mg) | (mokg)
1 |53 BunedArea#2 14 | 6350 | 3075 48
2 |53 Bumed Area#l 18 | 5260 | 4723 90
3 |4/7 Suface Sal ‘D’ 14 | 4903 | 4293 8.8
4 |48AdacenttoPatCB2| 23 4805 | 8157 16.7
Rocky Flats Composite Soil Sample
= 350 -
< 300 -
E 20 /\\
é 20,0 - // ——PM-10
= 150 - —a—PM25
$ 100 / AN
e ‘
0 2 4 6 8 10
Moisture (%)




Prescribed Burn Recovery

Time Series of 2000 Prescribed Burn Area at Rocky Flats Environmental

Prescribed Burn Conducted on April 6,

5/22/00 6/28/00 8/10/00 9/27/00



“Wildfire” Wind Tunnel Testing

Wildfire on July 10

e Same wind-tunnel tests as in Prescribed Burn.

Single Test Event - no characterization of
recovery associated with Wildfire.

Added testing for radionuclide content in soil and
in airborne dust.



Radionuclide Tests

* Soil activity in “Wildfire” Area was known prior to
the event - 2 to 5 pCi/g for plutonium.

e Provided opportunity to compare distribution of
radionuclide activity in soil with comparable
activity in airborne dust.



Activity Distribution -

An Observation in “Wildfire” Burned Area

Concetration, pCilg
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Path Forward

¢ Analyze results of wind-tunnel tests

» Integrate resuilts with information already known
regarding wind erosion at RFETS

* Model Post-fire Scenarios using wind-tunnel
information and site observations:

— Episodic nature of wind events

— Limited erodible-soil reservoir

— Wind-speed dependence

— Distribution of actinides

— Increased erosion potential related to fires



RFCA Stakeholder Focus Group
Actions / Issues Database

Record Requested Date Date Completed
Neo. By , Due Complete By

Action / Issue

3 9/27/00
Derivation of 140 pCi/l PPRG (from 1996 IGD document, now 21 pCi/l) for onsite surface water, including
risk basis. A

7 DOE 9/20/00
Reed Hodgin to call Goldfield to ask his reaction of the answers submitted to his 903 Pad documents.

1 Joe Goldfield 9/13/2000  9/13/00: Steve Paris to Christine Bennett
Response to Joe Goldfield's submission re: Pu calculation in 903 pad area

17 Focus Group 08/30/2000 08/30/2000 Troy Timmons
Contract language concerning onsite water quality

18 Focus Group 08/30/2000 08/30/00 John Rampe
Surface Water Quality at Rocky Flats: Implications for Cleanup

19 Focus Group 8/30/00 08/30/2000 Russell McAllister
Actinide Migration Evaluation Erosion and Sediment Modeling Project: Summary of Findings

2 Dave Shelton 08/30/2000
Confirm total and maximum Am?241 / Pu239/240 values for station GS03 as shown in Appendix D-3 of the
8/30/00 packet to Victor Holm.

20 8/30/00 08/30/2000 Richard DiSalvo
RFCA Radionuclide Soil Action Level Tier I and Tier II Concept

36 Focus Group 09/13/2000 09/13/2000 Bob Nininger, John Stover
Preliminary water balance estimates

37 Focus Group 09/13/2000 09/13/2000 John Stover
Description of the basis of the 30-day water quality standard

38 Focus Group 09/13/2000 09/13/2000 Diane Niedzwiecki
Risk basis for 0.15 pCi/l water quality standard

8 09/22/2000 09/22/2000 Russell McCallister
Map showing areas of site where water quality will drive cleanup

34 Focus Group member 09/27/2000 09/27/2000 Agencies
How the Focus Group input is directly or indirectly affecting policy decisions concerning clean up at RFETS.
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RFCA Stakeholder Focus Group
Actions / Issues Database

35 Reed Hodgin Ongoing Agencies
Agencies to propose long-term path for the Focus Group, identifying key policy questions that the agencies
plan to answer in the future with Focus Group input.

AlphaTRAC, Inc. Rev. 1: 01/12/01
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RFCA Stakeholder Focus Group
Actions / Issues Database

Record Requested Date Date Completed

No. By Due Complete By

Action / Issue

40 Focus Group 09/27/2000

Laboratory quality analysis, including a more thorough explanation of the alternatives and criteria.
41 Focus Group 09/27/2000

Include in the laboratory quality analysis the methodology of treating negative concentration results in 30-
day averages.

42 Focus Group 10/11/2000 10/11/2000 Carl Spreng
Surface water quality standards at other DOE sites

21 11/08/2000 _
Research the last vegetation study completed for the RFETS, including vegetation uptake of radionuclides.

22 Dave Abelson 01/03/2001

A key conversation in the 11/29/00 RFCA Focus Group Meeting Minutes wasn't captured: the whole
discussion of the NRC rule is geared towards the goal of unrestricted clean-up. Where it's mentioned on
page 7 of the minutes, it gives the wrong impression.

23 Dave Abelson 01/03/2001

On page 8 of the 11/29/00 RFCA FG Meeting Minutes, the first question didn't really capture the flavor of
what we were discussing; i.e., the NRC rule has capability as an ARAR to determine soil action levels
(SALSs), but it also has the capability to question the final clean-up levels. That needs to be filled out more.

24 Mary Harlow 01/03/2001 01/10/2001 Christine Bennett
There's a question mark at the bottom of page 7 of the 11/29/00 RFCA FG Meeting Minutes which leaves the
sentence incomplete.

26 LeRoy Moore 01/03/2001 Agencies
Need to calculate RSALs based on both risk and dose, then adopt the more restrictive result.

27 Focus Group
Briefing on and discussion of dose conversion factors and slope factors as a special topic in a future meeting.

28 Focus Group 1/17/01
Does DOE have source code from Argonne for RESRAD Version 6.0?

29 DOE Ongoing Ongoing Focus Group
5-year review of CERCLA requirement will initiate periodic reassessments of the cleanup. The 5 years may

not be rapid enough. Need to discuss in a future meeting

30 Focus Group

AlphaTRAC, Inc. Rev. 1: 01/12/01
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RFCA Stakeholder Focus Group
Actions / Issues Database

Importance of understanding the sensitivity of the RESRAD model to inputs and pathways, especially as
related to air resuspension. This is DOE's model of choice pending results of the air resuspension review.
(12/13/00 meeting minutes)

AlphaTRAC, Inc. Rev. 1: 01/12/01
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RFCA Stakeholder Focus Group
Actions / Issues Database

Record Requested Date DPate Completed
No. By Due Complete By

Action / Issue

31 Focus Group

Verify that the dose conversion factors used in the RESRAD model are appropriate. (12/13/00 meeting
minutes)

32 Focus Group
Discussion of whether to use ICRP 30 or ICRP 72 factors in the RESRAD model evaluation. (12/13/00
meeting minutes)

33 Jerry Henderson 01/17/2001
Answer the question: Is the Wednesday afternoon conference call necessary for the RSALs Review
meetings? Bring up as item on 1/17/01 RFCA Focus Group meeting.

AlphaTRAC, Inc. Rev. 1: 01/12/01
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NOTATION

The following is a list of the acronyms and abbreviations, including units of measure, used
in this report. Acronyms and abbreviations used only in equations, tables, or figures are defined in
the respective equations, tables, or figures.

ACRONYMS AND ABBREVIATIONS

AMAD activity median aerodynamic diameter

DOE U.S. Department of Energy

EPA U.S. Environmental Protection Agency

NOAA National Oceanic and Atmospheric Administration

RESRAD residual radioactive material code

UNITS OF MEASURE

cm ‘centimetér(s)

g gram(s)

kg kilogram(s)

m meter(s)

m? square meter(s)
m3 cubic meter(s)
pm micrometer(s)
S second(s)

yr year(s)

°C degree(s) Celsius



EVALUATION OF THE AREA FACTOR USED IN THE RESRAD CODE
FOR THE ESTIMATION OF AIRBORNE CONTAMINANT
CONCENTRATIONS OF FINITE AREA SOURCES

by

Y .-S. Chang, C. Yu, and S.K. Wang

ABSTRACT

The “area factor” is used in the RESRAD code to estimate the airborne
contaminant concentrations for a finite area of contaminated soils. The area factor
model used in RESRAD version 5.70 and earlier (referred to as the “old area .
factor’”) was a simple, but conservative, mixing model that tended to overestimate
the airborne concentrations of radionuclide contaminants. An improved and more
realistic model for the area factor (referred to here as the “new area factor™) is
described in this report. The new area factor model is designed to reflect site-
specific soil characteristics and meteorological conditions. The site-specific
parameters considered include the size of the source area, average particle
diameter, and average wind speed. Other site-specific parameters (particle density,
atmospheric stability, raindrop diameter, and annual precipitation rate) were
assumed to be constant. The model uses the Gaussian plume model combined
with contaminant removal processes, such as dry and wet deposition of
particulates. Area factors estimated with the new model are compared with old
area factors that were based on the simple mixing model. In addition, sensitivity
analyses are conducted for parameters assumed to be constant. The new area
factor model has been incorporated into RESRAD version 5.75 and later.

1 INTRODUCTION

The U.S. Department of Energy (DOE) residual radioactive material code (RESRAD) is
a computer code developed at Argonne National Laboratory to calculate the radiological dose to
which a hypothetical on-site resident or worker would be exposed when the soil over a particular
site is radiologically contaminated (Yu et al. 1993). Various exposure pathways are considered in
the RESRAD code, including the inhalation of contaminated airborne particulates. For an on-site
receptor, the contaminated dust resulting from on-site activities such as mechanical disturbance or
natural wind erosion would be diluted because of mixing with uncontaminated off-site dust. The



degree of dilution depends primarily on the soil characteristics and atmospheric conditions for the
area of concem. For the inhalation and foliar deposition pathways in the RESRAD code, the fraction
of the total ambient airborne particulate concentration that originates from the contaminated site is
estimated from the monitored ambient particulate concentration data at the site or at a nearby
location. This estimation involves the use of a parameter called the “area factor,” which is defined
as the ratio of the airborne concentration from a finite area source to the airborne concentration of
an infinite area source. The area factor is less than or equal to unity because the airborne particulate
concentration from a finite area source is always lower than that from an infinite area source. For
example, for larger particles with high gravitational settling velocity under weak wind, emission
sources upwind of some point within a square area source fail to contribute to a receptor at the
downwind boundary of the site. In this case, the area factors for the area larger than the one
mentioned become unity.

The area factor depends on wind speed and direction, location of receptor, particle size
distribution, dry and wet deposition, and other atmospheric conditions. The area factor used in
RESRAD version 5.70 and earlier, which was derived from a simple mixing model, depends only
on the size of the contaminated surface area and fails to reflect any site-specific characteristics. To
introduce important site-specific characteristics into the model, an alternative area factor formulation
is presented. The new formulation is based on the concept of integrating airborne particulate
contributions from multiple line sources that represent the area source, assuming the dispersion of
the line source emissions as Gaussian. Site-specific parameters considered in the new formulation
include average wind speed, the size of the contaminated site, and average particle size. The first two
parameters are already incorporated into the RESRAD input database.



2 PROPOSED AREA SOURCE CONCENTRATION MODEL

To calculate for on-site receptor locations the airborne concentrations of particulate
emissions from a contaminated site, the site is assumed to be a square area divided into a series of
line sources oriented perpendicular to the wind direction (Figure 1). The receptor R, which is the
basis for model formulation throughout this section, is assumed to be located at the center of the
downwind edge of the contaminated site. The airborne concentration (4, measured in grams per
cubic meter) at the downwind receptor R; in Figure 1 resulting from the square area source can be
estimated by combining concentration contributions from N line source segments as follows:

N
Xa = 2 Ky - (1)

i=]

If each line source is situated on the y-axis (which moves with a line source being
evaluated), airborne concentrations from the i line source emission at the downwind receptor R I
can be calculated. The calculation is based on the generalized crosswind finite line source Gaussian
formulation (Turner 1970, 1994) as follows:

(z-H,? (z+H, )
xLi (X,O,Z§He)‘ = - ; -
20, 26}
U20y (2)
1 p2 ‘
f ——exp(-Sdp
'l/ZOy 2n

where

X; (x,0,z;H,) = concentration (g/m3) at a receptor R;(x,0,z) resulting from the i line
source with an effective release height A, (m);

eff
qLi = effective line source strength [g/(m-s)];

u = mean wind speed at effective release height (m/s);

o, 0,= standard deviation of lateral, vertical concentration
distribution (m);

p= y/oy; and

L = side length of square area source (m).
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FIGURE 1 Representation of Area and Line Sources

To account for the gravitational settling of particulates, the effective release height of
emission H, in Equation 2 is replaced by the term (4, - H,), where H,, = v x/u and with v, being the
gravitational settling velocity. This substitution tilts the axis of the plume downward at an angle of
tan™! (vg/u). (The effects of gravitational settling are further discussed later in this section.) The
value of the integral in Equation 2, an area under the Gaussian curve, is determined with a fifth-order
polynomial approximation (Abramowitz and Stegun 1964). If lower and upper limits in the integral
approach - and +, respectively, then the integral yields unity. Also, the particulate emission of
concern is considered a ground-level or near-ground-level, nonbuoyant release; therefore, the
contribution of reflection of the plume is relatively smaller at the top of the mixing layer than at the
surface. In fact, this is not true for an extremely unstable condition (e.g., Pasquill Stability Class A)
when vigorous vertical mixing occurs; however, over a long-term period, this condition accounts for
far less time than the sum of other stability conditions. Accordingly, for simplicity, the reflection of
the plume at the top of the mixing layer is not considered in this study.

The area source strength, g, at the point of emission will gradually decrease through dry
deposition and rain scavenging as the plume disperses downwind. To account for the source
depletion with downwind distance, the effective line source strength at the downwind receptor R,
of particles emitted from the it line source shown in Figure 1 can be approximated as

i

ol = Aw =1lg, - Y (Fp + F)1 - Aw )

i=1



where

«f = effective area source strength at the downwind receptor R,

4 2
[g/(m* s);

Aw = width of a line source, defined as the side length of square area
source divided by the total number of line sources (m);

= area source strength at the point of emission [g/(m? - 5)]; and
94 g P

Fp;, Fy; = mass flux by dry and wet deposition on the surface of crosswind
distances including downwind receptor R, of the i line source

[g/(m?- s)].

Mass fluxes Fp,; and Fy; can be estimated by integrating products of local concentration and
deposition velocities from -« to « in the y direction. These fluxes can be approximated by
multiplying the concentration at the center of the downwind edge by the deposition velocity, because
the crosswind concentration profile forms a bell shape with a flat top, as shown in Figure 2. Also
note that the concentration from an infinite area source should approach a finite value; the
concentration from a finite area source is divided by this finite value to determine the area factor.
Accordingly, in this study, the effective source strength concept as shown in Equation 3 was adopted
rather than the source exponential decay term, which fails to approach zero until the downwind
distance goes to infinity. Formulations for deriving dry and wet deposition fluxes F, and F'y, are
discussed below.

In nature, air pollutants are ultimately removed from the atmosphere by (1) dry and/or wet
deposition mechanisms onto the ground surface or (2) radioactive decay or chemical transformation
while being transported downwind. In this study, only dry and wet deposition are considered, and
the loss of material from the plume is approximated by assuming that the source strength decreases
because of dry and wet deposition. Dry deposition of an airborne material onto the earth’s surface
can be caused by a combination of several natural processes, such as gravitational settling, inertial
impaction, molecular and turbulent diffusion, and ground absorption (by soil, water, buildings, or
vegetation). The dry deposition velocity is predicted to depend on particle density, friction velocity,
and surface roughness. In general, large particles (D‘l7 > 10 um) are deposited predominantly by
gravitational settling, whereas very small particles (Dp < 0.1 pm) are deposited mainly by Brownian
diffusion. In this study, particles ranging from 1 to 30 pm in diameter are of interest; therefore, only
the gravitational settling process is considered. Then, the rate of dry deposition as a result of
gravitational settling, Fp,, [g/(m? - s)], is given by

Fpxzg) = v, - % (02,8, 4
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where
v, = gravitational settling velocity (m/s); and

X1(x.0,z4;H,) = concentration (g/m3) at a reference height z; (m) above the
surface.

For particles that follow the Stokes law, the terminal gravitational settling velocity v, (m/s) can be
expressed as

Ve P 8 Dp‘z )
T ®)
where

p, = particle density (kg/m>),

gravitational acceleration (9.8 m/sz),

g =
Dp = particle diameter (m), and
u, = absolute viscosity of air at sea level and 15°C [1.7894 x 1070 kg/(m - s)].

Airborne particulates are also removed by wet deposition mechanisms, including rainout
(in-cloud scavenging) and washout (below-cloud scavenging by falling rain, snow, etc.). In this
study, only the washout process is considered. In many cases, the local rates of removal of
particulates by wet deposition, in g/(m * s), can be represented as a first-order process:

Local rate of removal = AD,z) - ¥, (x.0zH) . 6)

where A( Dp;z) = washout coefficient (S'I)L This first-order representation means that the scavenging
is irreversible; that is, the rate of removal depends linearly on the airborne concentration and is
independent of the quantity of material scavenged previously. The wet deposition flux is the sum of
wet removal from all volume elements aloft, assuming that the scavenged materials fall down as
precipitation. Similar to dry deposition, the rate of wet deposition, Fy,{x,z,) in g/(m? - s) can be
given by

H
Fxz) = f AD,2) - % x0zH) dz = v,” X, (x02;H,) , @)
4]



where
H = average traveling dis‘tance of a raindrop (m), and
v,, = wet deposition velocity (m/s).
To formulate the wet depositioﬁ velocity, v,,, monodisperse raindrop size is assumed for simplicity.

First, the number of raindrops falling onto the ground, N, [number of droplf:ts/(m2 -5)], can be given
by

N =605 x 10°- R/ D} , (8)
where
R = annual rainfall rate (cm/yr), and
D, = diameter of a raindrop (m).

Also, the total mass of airborne particulates swept out by each raindrop, M (g), can be approximated
by

M=A-H-x,(x0H) , 9)
where

A cross-sectional area of a raindrop, given by n’DrZ/4 (mz); and

]

av - \ . - . -
X.i(x:0:H,) = average airborne concentration in the volume swept by a raindrop

(g/m>).

This equation implies that all particles in the geometric volume swept out by a falling raindrop will
be collected by the raindrop; that is, the value of the collection efficiency between droplets and
particles is unity. Accordingly, combining Equations 8 and 9, the total flux, Fy; [g/(m2 - 5)], can be
given by

 Fyfxz) = 4756 x 10'° - R - H - y;(x0;H) / D, . (10)
It is reasonable to assume that the precipitation scavenging takes place from the point of 36,, where
the concentration is approximately 1% of that of the plume centerline, to the surface. For

convenience, the plume height, PH, to account for plume tilting is defined as

PH=3oz—vg-x/u ) (11)



Then, X; canbe expressed in terms of X, in Equation 7:

PH pz pz
(x0,z:;H) | [ex Ty v exp(-22)) - 4z
i X (x0.2:H) { [exp(-—) + exp(-—)]
Xu(x0:H,) = 3 > ; (12)
PH - [exp(—%) + exp(—%)]

where

p;=@-H,+H)o,

p;=(z+H,-H)lo,

q,=(z4-H,+H) 0, and

g,=(zy+H,-H) o,
As in Equation 2, the value of the integral can be calculated with a fifth-order polynomial
approximation. Combining Equations 11 and 12 into Equation 10, the rate of wet deposition can be

rewritten in terms of wet deposition velocity v,, and concentration at the reference height z, as in
the calculation for dry deposition.

Lateral and vertical dispersion coefficients o, and o, are estimated on the basis of the
. formulae used in the Industrial Source Complex model (EPA 1995). Equations that approximately

fit the Pasquill-Gifford curves (Turner 1970, 1994) are introduced to calculate o, and o, (m) as a

function of downwind distance (km) for the rural mode. The g, coefficient can be calculated by

o, = 465.11628 - x - tan(TH) , (13)
where
TH = 0.017453293 - [c - d * In (x)]

Also, g, can be computed as
g, =a-xb . (14)

For the above equations, the coefficients c.and d for a, and a and b for g, are presented in Tables 1
and 2, respectively.
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TABLE 1 Parameters Used to Calculate
Pasquill-Gifford o,

g, = 465.11628 (x) tan (TH)*

Pasquill TH =0.017453293 [c - d * In (x)]

Stability
Class c d
A 24.1670 2.5334
B 18.3330 1.8096
C 12.5000 1.0857
D 8.3330 0.72382
E 6.2500 0.54287
F 4.1667 0.36191

& g, is expressed in meters, and x is the
downwind: distance, in kilometers.

Source: EPA (1995).

Finally, numerical calculations were made after all components were incorporated into the
model. Integrations were made in succession from the nearest line source to the farthest from the
receptor R;. If the receptor height (z) and the reference height (z,) are the same, combining and
rewriting Equations 2 and 3 shows that the concentration at the receptor R, resulting from the i line
source appears in both sides, which can be readily solved by transposing,

From the first line source, XL = qfff RHS; =(q4 - X1;vp) " Aw* RHS,
From the second line source, ¥, = qu “RHS, =[q4 - Xz vrr + X2Vl
From the i line source, ] XLi= f{f RHS; =g, -

(XLIVT] + XLZVT?"' + XLIVTI)] * AW ° RHSI
where

VIy= Vgt Vo (m/s); and

RHS; = (right hand side of Equation 2)/ qL"’{-’f
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TABLE 2 Parameters Used to Calculate
Pasquill-Gifford g*

o, =as
Pasquill

Stability Class X a b
A" <0.10 122.800 0.94470
0.10-0.15 158.080 1.05420
0.16 - 0.20 170.220 1.09320
0.21-0.25 179.520 1.12620
0.26 - 0.30 217.410 1.26440
0.31-040 258.890 1.40940
0.41-0.50 346.750 1.72830
0.51-3.11 453.850 2.11660

>3.11 T i
B* <0.20 90.673 0.93198
0.21-0.40 98.483 0.98332
>0.40 109.300 1.09710
ct All 61.141 0.91465
D <0.30 34.459 0.86974
0.31-1.00 32.093 0.81066
1.01-3.00 32.093 0.64403
3.01-10.00  33.504 0.60486
10.01-30.00  36.650 0.56589
>30.00 44.053 0.51179
E <0.10 24.260 0.83660
0.10-:0.30 23.331 0.81956
0.31-1.00 21.628 0.75660
1.01 -2.00 21628 0.63077
2.01'-4.00 22.534 0.57154
4.01-10.00 24.703 0.50527
10.01-20.00  26.970 0.46713
20.01-40.00  35.420 0.37615
>40.00 47.618 0.29592
F <0.20 15.209 0.81558

0.21-0.70 14.457 0.78407
0.71 - 1.00 13.953 0.68465
1.01-2:00 13.953 0.63227
2.01 - 3.00 14.823 0.54503
3.01-7.00 16.187 0.46450
7.01 - 15:60 17.836 0.41507
15.01 - 30.60 22.651 0.32681
30.01 - 60.00 27.074 0.27436
>60.00 34.219 0.21716

* 0,is expressed in meters, and'x is expressed in
kilometers.

* If the calculated value of g, exceeds 5,000 m, a, is set to
5,000 m.

¥ g, is equal to 5,000 m.
Source: EPA (1995).



12

The model first divides an area source into 10- and 11-line sources, computes the concentration for
each line (), ;) at the receptor R, and sums the concentrations to arrive at the total concentration (), )
resulting from the entire area source. Then, if the relative difference of concentrations between
10- and 11-line sources is within a given tolerance (e.g., 107), the iterative procedures will be
terminated. If not, successive iterations continue with further subdivisions in increments of 10 (e.g.,
20/21, 30/31, 40/41) until the prescribed convergence condition is satisfied. For computational
economy, the maximum number of line sources is limited to 10,000.
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3 RESULTS AND DISCUSSION

The area factor can be defined as the ratio of the airborne concentration from a finite area
source to that from an infinite area source. The methodology used to estimate the area factors is
based on the notion that once released into the ambient air, all particulate matter would eventually
be removed from the atmosphere by dry and/or wet deposition. The model first calculates the
concentrations at the downwind receptor R, by increasing the square area source until concentration
values are leveled off, that is, approach the maximum values. Then the area factors for square area
sources are estimated by dividing their respective concentrations by the maximum concentrations.
Some important factors that affect the airborne concentrations are area size, wind speed, wind
direction, particle size, location of the receptor, stability class, rainfall rate, and raindrop size.

To illustrate the effects of these factors, the new model was implemented for four wind
speeds (1, 2, 5, and 10 m/s at the measurement height [usually 10 m]) and six particle diameters (1,
2, 5, 10, 15, and 30 um). Nine square area sources that have side lengths ranging from 1 to
+100,000 m and that are oriented perpendicular to the wind direction are analyzed in this study. It is
assumed that particles from a source area are emitted into the atmosphere by on-site activities such
as mechanical disturbances or wind erosion. This assumption implies that particles are airborne,
irrespective of the mechanism of dust generation, and are subsequently subject to a wind stream. For
a finite source area, the average airborne concentration can be estimated by integrating the ground-
level airborne concentrations over the entire source area. However, this value depends on the
frequencies of occurrence of different wind directions and speeds. For simplicity, it is conservative
to take the maximum local airborne concentration, that is, the concentration at the center of the
downwind edge (receptor R; in Figure 1), as the average concentration. The airborne concentrations
presented in the rest of the report are the values predicted for the locations at the center of the
downwind edge, unless otherwise stated.

The depletion of emission sources associated with radionuclide decay is neglected in the
current study. Also, the effective release height (H,), receptor height (z), and reference height (z,)
are assumed to be zero, that is, at the surface. Parameter values used to estimate airborne
concentrations and area factors were selected for typical sites in the United States, where possible
(Table 3). On the basis of annual averages for more than 300 National Weather Service stations in
the United States, the neutral conditions (represented by Pasquill Class D) occur almost one-half of
the observations, while stable (Classes E and F) and unstable (Classes A, B, and C) conditions occur
about one-third and one-sixth of the time, respectively (National Oceanic and Atmospheric
Administration [NOAA] 1976). Therefore, in this study, neutral stability (Class D) was assumed.

To illustrate the effects of wind speed and particle size on the concentrations at various
receptor locations within the site, the relative ground-level concentrations, y,/g,. for a
1,000 x 1,000 m area source are shown in Figure 2 for various crosswind and downwind locations
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TABLE 3 Parameter Values Used to Estimate Airborne Concentrations
and Area Factors

Parameter Values Used Reference
Rainfall rate R =100 cm/yr Miller and Thompson (1970)
Particle density p,=2,650kg/m>  Brady (1974)
Stability class. D (Neutral) NOAA (1976)
Diameter of raindrop D,=10%m Miller and Thompson (1976)

(Figure 1). Concentrations at the off-axis receptor (e.g., receptor R, in Figure 1) can be estimated by
integrating the area source upwind of the receptor with the modification of integration limits in
Equation 2. Figure 2 shows relative ground-level concentrations for particle diameters of 1, 10, and
30 pm, respectively, for cases with wind speeds of 2 and 10 m/s. The downwind distances presented
in the figure are 100, 500, and 1,000 m (i.e., downwind edge) from the upwind edge of the square
source area. As shown in Figure 2, the airbome concentrations increase with the downwind distances
and decrease with the crosswind distances from the centerline of the area source parallel to the wind
direction. The airborne concentrations along the crosswind distance do not vary significantly except
at the locations very close to the crosswind edges of the source area, where the airborne
concentrations are predicted to be approximately 50% lower than those at the centerline locations.
Also, concentration distributions show symmetry centering around the crosswind edge. (As
mentioned in Equation 3, mass fluxes by depositions can be approximated only with concentration
at the downwind receptor R, without integrating local concentrations along the crosswind distances
because of the concentration profile described above.) The airborne concentrations near the
crosswind edge are more affected by downwind distance associated with edge effects from the line
source. In general, the particle suspension rate driven by wind erosion increases as the wind speed
increases. However, the increase in emissions caused by higher wind speed is partially offset by the
dilution by the higher wind speed.

To illustrate the effects of the size of the square source area on the airborne concentration,
the relative ground-level concentrations y,/g, resulting from square area sources of various sizes
are shown in Figure 3 for particles 1, 10, and 30 pm in diameter. In general, the y,/g, values
increase monotonically with the size of the square area source and decrease with wind speed and
particle diameter. If the source area is large enough, the airborne concentrations reach a maximum
value and do not increase even if the size of the area source is further increased. This means that the
airborne concentration thus calculated is similar to that of an area source of infinite size. For smaller
particles ‘(Dp =] um), the airborne concentrations reach their maximums at side lengths of around
100,000 m or more, being primarily scavenged by precipitation. On the other hand, for particles of
30 um in diameter and low wind speed, emissions from sources located more than 1,000 m upwind
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do not contribute to concentrations at the downwind receptor location because of high gravitational
settling velocity.

To examine the relationship between virtual emissions and depositions within the area
source, relative effective source strength and percentage deposited are depicted in Figure 4. The
relative effective source strength, q.¢/q,, is defined as the ratio of the effective source strength at
the downwind edge to the source strength at the upwind edge of the square area. The percentage
deposited is defined as the total mass deposited by dry and wet deposition up to the downwind edge
divided by the total emissions within the site. Note that q.4/94 = 0 does not necessarily mean 100%
deposition of particulates emitted, because airborne particulates still exist over the site. As shown
in Figure 4, the wet deposition process is dominant over dry deposition for smaller particles
(Dp = 1 um). For particles of 10 um or larger in diameter, gravitational settling is the major removal
pathway. The side length of the square area source where emission from the upwind edge is almost
depleted when the plume passes over the downwind edge is more than 100,000 m for a particle
diameter of 1 pm and wind speed of 1 m/s. On the other hand, the side length size is approximately
1,000 m for the case of a particle diameter of 30 um and wind speed of 1 m/s. More particles are
deposited at lower wind speeds than at higher wind speeds because at lower wind speeds there are
more chances for particles to be removed by dry or wet depositions before they pass. over the
downwind edge. It is interesting to note that for particles 1 pm in diameter, deposition can be ignored
for area sources with side lengths of 1,000 m or less.

The area factors for cases with various wind speeds and particle diameters are shown in
Figure 5. General trends for area factors are similar to those for relative ground-level concentrations
expressed as y,/q, (Figure 3). A physical interpretation for the small area factors is that dilution by
the uncontaminated dust blown in from: off-site is significant for the case of small particles and high
wind speeds. On the other hand, for cases with large particles and low wind speeds, deposition
becomes significant, and a maximum airborne concentration can be reached if the source area is
sufficiently large. Accordingly, the larger the area factor, the more emitted particulates are removed
before reaching the downwind edge.

The old area factors used in the RESRAD code are also plotted in Figure 5. The area factor
is approximated by Am/(Al’2 + DL), where A is the area of contaminated site (mz) and DL is the
dilution length (m). Although DL depends on the wind speed, mixing height, resuspension rate, and
thickness of the resuspendable dust layer (Appendix A in Gilbert et al. 1983), the geometric mean
of the estimates of lower and upper bounds of DL is used as a default value. In the RESRAD code,
the geometric mean (3 m) of 0:03 and 250 m (which correspond to the surface roughness and the
height of the stable atmospheric layer, respectively) is assumed to be the default dilution length in
predicting the airborne ‘concentration from a finite source area. As shown in Figure 5, the old area
factors used in the RESRAD code are larger than those obtained in the new model, except for the
case of large paﬂicleg. (Dp = 30 pm) and low wind speed. Results show that the dilution length of
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