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Environmenta Radiation Dosmetry System

Dear Governor Whitman:

At the request of EPA’ s Office of Radiation and Indoor Air (ORIA), the Radiation Advisory
Committee (RAC) of the Science Advisory Board (SAB) reviewed ORIA’s use and adaptation of
verson 2 of GENII (GENeration || computer programs) devel oped by Pacific Northwest National
Laboratory. GENII v.2 is a software package (GENII v.2 code) for use asatool to conduct generic
or site-specific environmenta radiation dose or risk estimates. The GENII v.2 code incorporates a
suite of computer modules and is a update and modification of the earlier GENII Environmenta
Radiation Dosmetry System. The RAC convened in public meeting in Washington, DC on Apil
25-27, 2000 to receive briefings from ORIA gtaff, take public comment, and discuss the relevant
issues. The resulting report addresses the specific Charge questions as well as other issues beyond the
Charge identified during the public meetings. The RAC'sreport is designated an “Advisory,” sncethe
ORIA’s document is consdered to still be a“work in progress,” rather than afind document. The
RAC expectsthat ORIA will seek additional peer review before their document is finalized.

In generd, the RAC found the GENII v.2 code to include the appropriate modules and was
especidly pleased that the code has the capability of providing stochastic estimates of risk rather than
samply determinigtic point estimates. The Committee consders the GENII v.2 code to be a ussful
addition to the dose and risk assessment toolbox. Sincethisisa“work in progress,” future additions
and changes can be made to the code to add to its applicability and improve its flexibility, accuracy,
and transparency.

The complete Charge for this review is provided in section 2.2 of the enclosed report. The
RAC' sfindings on each dement of the Charge are summarized below.



The first dement of the Charge asked if FRAMES is areasonable platform for supporting an
integrated system of tools for meeting the diverse environmental modeding needs of ORIA. The RAC
concluded that the FRAMES platform is a powerful and flexible tool and that GENII v.2 will be very
useful to EPA. However, ORIA must develop a clear vison and attendant mission statement for
FRAMES and GENI|I v.2 that details the * diverse environmenta modeing needs’ of EPA asabasis
for determining whether FRAMES is the best tool to meet these needs. In other words, ORIA must
have a good idea of who will use the code as well as how, and for what purposes, it will be used. The
RAC found the SUM* module to be a particularly useful addition to the GENII v.2 code. However,
the Committee notes that the platform is untested and needs vaidation and verification.

Although the RAC was not provided with many details about the structure of FRAMES, it
gppearsthat it has only been used, to date, for modules that do not need to exchange information with
high frequency in time or & high spatia resolution. The Committee is concerned that linking modules at
numerous pointsin space or with high frequency might prove cumbersome in FRAMES. We
recommend that ORIA consult with other EPA offices developing smilar type modding systems (e.g.,
the Office of Research and Development (ORD) and the Office of Air Qudity Planning and Standards
(CAQPS)). ORIA dso needsto condder incorporation of other models and generdizing the
FRAMES interface to accept other types of modes and to alow feedback among compartments. The
RAC provided a number of detailed recommendations for additions and improvements to enhance the
usefulness of the code.

The second Charge question addressed the adequacy of the GENII v.2 codes in addressing
environmentd transport of radionuclides; the need for additiond features (or modules); and approaches
for modeling exposures to radon, tritium, and carbon-14.

The RAC found the environmenta transport modeling capabilities for air and surface water
releases of radionuclides to be adequate for screening purposes but not necessarily appropriate for
detailed andysis or emergency Situations. The Committee came to much the same conclusions
concerning the modeling of exposures to radon, tritium, and carbon-14. The enclosed reports details
specific recommendations to address these issues.

The third Charge dement sought the Committee' s advice on the adequacy of the examples and
documentation provided with the GENII v.2 software, and on ways of presenting the output and
uncertainty results.

The RAC commends the efforts of ORIA to make FRAMES and GENII v.2 “user friendly.”
However, the documentation and the presentation of issues relaing to uncertainty/variability are both
“worksin progress’ and not adequate at thistime. ORIA is continuing its efforts in this direction.
Again, the RAC recommended severd actions and enhancements to the documentation to improve the
usefulness of GENII v.2.

In addition to the forma Charge, the Committee commented on severa other issues. These
indude:



a) The need for the dose and risk estimates to be as unbiased as possble. The high leve
of conservatism apparently built in to the GENII v.2 codeis not sufficiently transparent
to the user, who must be able to decide explicitly on the level of conservatism
gppropriate for the particular application.

b) The conservative nature of the code may lead to excessvely conservative dose
esimates (i.e., higher than more redigtic assumptions might produce), resulting
unnecessarily cogtly controls and unnecessary expenditures in Site cleanup operations.
The RAC strongly encourages ORIA to provide more realistic bounds on their dose
and risk estimates.

We appreciate the opportunity to review these issues, and look forward to your response.

Sincerdly,

IS/
Dr. William Glaze, Char
EPA Science Advisory Board
IS/
Dr. Janet Johnson, Chair

Radiation Advisory Committee
EPA Science Advisory Board



NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board, a
public advisory group providing extramurd scientific information and advice to the Adminigtrator and
other officids of the Environmenta Protection Agency. The Board is structured to provide baanced,
expert assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other agenciesin the
Executive Branch of the Federd government, nor does mention of trade names or commercid products
congdtitute a recommendation for use.

Digtribution and Availability: This EPA Science Advisory Board report is provided to the EPA
Adminidrator, senior Agency management, gppropriate program staff, interested members of the
public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additional
copies and further information are available from the SAB Staff [US EPA Science Advisory Board
(1400A), 1200 Pennsylvania Avenue, NW, Washington, DC 20460-0001; 202-564-4546].



ABSTRACT

At the request of the EPA’s Office of Radiation and Indoor Air (ORIA), the Radiation
Advisory Committee (RAC) of the Science Advisory Board (SAB) reviewed the GENII v.2 computer
code developed by Pecific Northwest National Laboratory (PNNL) to perform dose and risk
assessments of environmental releases of radionuclides. The code builds a conceptua site mode!
linking modules through the FRAMES platform. The RAC found the GENII v.2 code to include
appropriate modules and concluded that FRAMES provides a reasonable and flexible platform.
However, the RAC recommended adding newer modelsto the GENII v.2 code, specificaly for ar
dispersion and ground and surface water transport of radionuclides aswell as models capable of
handling emergency conditions. The RAC was concerned about the potentid for non-transparent and
unredidticaly conservative (i.e., higher than more redistic assumptions might produce) risk estimeates.

The RAC commended ORIA for including the capability of providing stochastic estimates of
risk through the Senitivity/Uncertainty Multimedia Modding Module (SUM?3) driver but questioned its
ability to investigate the degree of conservatism in the code, identify the importance of input parameters,
and provide useful measures of uncertainty.

In generd, the RAC found the GENII v.2 code to be a useful addition to the dose and risk
assessment toolbox. The RAC suggested severd drategies for making the code more user friendly,
including improvement in the documentation and User’s Guide as well as providing training for potentid
users. The RAC encouraged ORIA to develop avison and an attendant mission statement for
FRAMES and GENII v.2 asabassfor evduating these tools.

KEYWORDS: Radionuclide risk assessment; radionuclide dose assessment; dose assessment modd ;
GENII; stochastic modd.
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1. EXECUTIVE SUMMARY

The Environmenta Protection Agency’s (EPA) Office of Radiation and Indoor Air (ORIA) has
requested advice from the Radiation Advisory Committee (RAC) of the Science Advisory Board
(SAB) with regard to the strengths and limitations of the GENII v.2 (GENeration || computer
programs) radiation dose and risk assessment software package (GENII v.2 code) ORIA is adapting
the GENII code 0 that it may replace other computer models currently in use. The code is intended to
be used for progpective anadlyses. The RAC' sreport is designated an “Advisory,” sincethe ORIA’s
document is considered to till be a“work in progress,” rather than afind document. The RAC
expects that ORIA will seek additiond peer review before their document is finalized.

The GENII v.2 code is aone of aseries of computer software packages developed by Pecific
Northwest Nationa Laboratory (PNNL). The GENII v.2 code user builds a conceptua site mode,
linking modules through the Framework for Risk Andyssin Multimedia Environmental Systems
(FRAMEY) platform, aso developed by PNNL. In contrast to previous versions, the GENII v.2 code
is completely stochastic through the use of the FRAMES SUM? (Sengitivity/Uncertainty Multimedia
Modding Module) driver.

In generd, the RAC found the GENII v.2 code to include the appropriate modules and was
especialy pleased that the code has the capability of providing stochastic estimates of risk rather than
amply determinigtic point estimates. However, the RAC is concerned with the conservative nature of
the code and warns that excessively conservative dose estimates (i.e., higher than more redlistic
assumptions might produce) may lead to unnecessarily costly controls and unnecessary expendituresin
gte cleanup operations. The RAC strongly encourages ORIA to provide more redlistic bounds on their
dose and risk estimates.

The complete Charge for this review is provided in section 2.2, following. The RAC'sfindings
on each eement of the Charge are summarized below.

The first dement of the Charge asked if FRAMES is areasonable platform for supporting an
integrated system of tools for meeting the diverse environmental moddling needs of ORIA. The RAC
concluded that the FRAMES platform is a powerful and flexible tool and that GENII v.2 will be very
useful to EPA. However, ORIA must develop avison and an attendant mission statement for
FRAMES and GENII v.2 that details the “ diverse environmental modeling needs’ of EPA asabasis
for determining whether FRAMES is the best tool to meet these needs. ORIA must have agood idea
of who will use the code as well as how and for what purposes it will be used. The RAC found the
SUM? module to be a particularly useful addition to the GENII v.2 code. . However, the Committee
notes that the platform is untested and needs validation and verification.

Although the RAC was not provided with many details about the structure of FRAMES, it
gppearsthat it has only been used, to date, for modules that do not need to exchange information with
high frequency in time or & high spatia resolution. The Committee is concerned thet linking modules a



nuMmerous pointsin space or with high frequency might prove cumbersome in FRAMES. We
recommend that ORIA consult with other EPA offices developing similar type modeing systems (e.g.,
the Office of Research and Development (ORD) and the Office of Air Quality Planning and Standards
(CAQPS)). ORIA aso needsto consder incorporation of other models and generdizing the
FRAMES interface to accept other types of models and to alow feedback among compartments. The
RAC recommends the following additions and improvements to enhance the usefulness of the code:

a) Modify the interface with FRAMES to alow access to more complex, Site specific
hydro geologic flow and transport process models in order to better ded with
groundwater issues.

b) Divide the Atmospheric trangport interface into “ near-fidd” and “far-fiedld” components

The second Charge question addressed the adequacy of the GENII v.2 environmenta transport
models for radionuclides; the need for additiona features (or modules); and approaches for modding
exposures to radon, tritium, and carbon-14.

The RAC found the environmenta transport modeling capabilities for air and surface water
releases to be adequate for screening purposes but not necessarily appropriate for detailed analysis or
emergency Stuations. The RAC recommends the following additions and improvements to enhance the
usefulness of the code:

a) Evduate newer ar digperson models being developed by the Agency, such as
AERMOD and AERMET for incluson in GENII v.2.

b) Augment the air digperson module in GENII v.2 to accommodate log-normal particle
gze digributions with different Aerodynamic Median Activity Diameters (AMAD).

) Evauate the use of more complex environmenta radionuclides trangport modeling
inputs required for catastrophic events (e.g., fires, explosions, accidents and terrorist
acts) which involve “near-field” physics not captured by the generdized GENII v.2
Atmospheric Trangport module. The highly smplified surface water trangport module
should be augmented to take into account more than asingle input point and dilution by
confluences. In addition, ORIA should consider incorporating sedimentation and
resuspension into the surface water transport models.

d) Add estuary or tidd effect modd.

e) Evauate the use of existing, more detailed groundwater (GW) flow and transport
process models which may be required to describe site-specific conditions. (The
Committee recommends againg building a new GW module for GENII v.2.)

Other, lower priority, recommendations are included in Section 3.



The RAC found that the approach in GENII v.2 for modeling exposures to °H and C are
adequate for screening level andyses but would most likely result in gross overestimates of dose and
risk in many situations. The GENII v.2 modes for 3H are appropriate only for tritiated water (HTO)
when, in fact, most of the past mgor releases have be hydrogen gas (HT) that would present very
different doses and risks. In addition, the mode assume instantaneous eqilibrium between **CO, inar
and ““Cin plants. The GENII v.2 user should be warned that the true doses may be very different from
the calculated doses as aresult of these unredistic assumptions.

While the GENII v.2 code includes a module for exposure to radon indoors due to release of
radon from domestic water supplies, it should also address the dose due to radon emanation from soils
contaminated with ??°Ra and 2Ra. It is not clear that it does so in its present form.

The third Charge e ement sought the Committee' s advice on the adequacy of the examples and
documentation provided with the GENII v.2 software, and on ways of presenting the output and
uncertainty results.

The RAC commends the efforts of ORIA to make FRAMES and GENII v.2 “user friendly.”
However, the documentation isa“work in progress’ and is not adequate &t thistime. We understand
that ORIA is continuing its effortsin this direction. The RAC recommends severd actions and
enhancements to the documentation to improve the usefulness of GENII v.2.

a) Involve the end-users in development of the documentation and expand the text using
reedily understandable terms.

b) Use more example cases to document the capabilities of the code and expand on the
block-diagraming of module components and their results.

) Include some basic information on the modd formulation, assumptions, and limitations
in the User's Guide,

d) Work through “word problems’ as examples, showing the data input and output of
each screen.

€) Check carefully the information in the User’s Guide for accuracy and for gpplicability to
different types of hardware. (When one member of the RAC tried to use the code he
discovered that the ingtructions did not gpply to his machine) If the indructions are
machine-dependent, the user should be so warned.

f) Detal the format and specifications necessary for coupling FRAMES to other codes.
The SUM? documentation does not adequately explain anumber of issues. In particular, the

RAC is concerned with the clarity of the documentation on Monte Carlo and Latin Hypercube
sampling. If Latin Hypercube sampling is employed in the uncertainty andys's, the user should be



warned that the calculation of confidence limits for the means and percentiles of didtributions may not be
graightforward.

The RAC discussed the proper use of the software in considerable detail. User training will be
an important part of assuring that the e is GENII v.2 code is used appropriately. Misuse of the code
could result in wrong or mideading dose estimates. The RAC suggests the following actions as
possihilities for user education and troubleshooting:

a)
b)

c)

d)

Conduct formal classes
Egtablish a“User’s Group”

Develop aphased gpproach to learning and using the software, dlowing increased
flexibility in parameter choices as the user becomes more experienced.

Pogt alist of “Frequently Asked Questions’ with the answers on the web Ste.

The RAC is concerned with certain aspects of the uncertainty analysis as trested by the SUM3
module in FRAMES:

a)

b)

The SUM® module is designed to be atool for investigating the degree of conservatism
in the code but it will do so only if the user identifies the most conservative parameters
in the modds and replaces them with reasonable digtributions. If the choice of
parameters and assgnment of parameter distributions are not transparent or are buried
within the basic philosophy of the modeling, the conservatiam in the code may not be
adequately defined by the use of SUMS,

It isimportant in the discussion of uncertainty to distinguish between uncertainty and
variability. Uncertainties can, in principle, be reduced by further investigation; variability
isinherent in the system.

The SUM? documentation states that uncertainty analysis can be used to understand the
importance of input parameters, however, the software does not provide the capability
for such caculaions. However, there are numerous ways to approach this problem,
ranging from sengtivity andyssto the use of quantitative importance measures.
Uncertainty andysis by itsdf does not provide information on the importance of input
parameters. The RAC suggests the use of sengtivity andyses for the determination of
the sengitivity of the code's results to input parameter variations.

In addition to the forma Charge, the Committee commented on severa other issues.



As noted above, the ORIA did not provide the RAC with aclear misson statement for the
GENII v.2 code so the RAC, inits ddliberations, consdered severd situations in which the code might

be employed:

a)

b)

d)

The code was designed to evauate doses prospectively but could be adapted for usein
retrospective analyses.

A component to mode the impact of various human interventions, such as congruction
of acap, that would dlow the user to compare different reclamation strategies would be
auseful addition to the code.

The emergency response capabiilities of the code could be enhanced by the ability to
use red-time meteorologica data

It would be useful for the code to have various levels of FRAMES that vary in
complexity asthe user becomes more familiar with it. The FRAMES platform could
als0 be adapted to help the user decide whether the suite of models selected is
appropriate for the stuation by including some front end prompts.

The RAC is concerned that ahigh leve of conservatism may be built in to the GENII v.2 code.
The dose and risk estimates should be as unbiased as possble. The user could then decide on the level
of conservatism gppropriate for the particular application.

In generd, the RAC found the GENII v.2 code to be a useful addition to the dose and risk
assessment toolbox. Sincethisisa“work in progress,” additions and changes can be made to the code
to add to its gpplicability and improveits flexibility, accuracy, and transparency.



2. INTRODUCTION

2.1 Background

The GENII computer code was developed by PNNL to provide a state-of -the-art set of
programs for caculating radiation dose and risk from radionuclides released to the environment.
Although it was initidly designed to be applied a the Hanford Reservation, flexibility to accommodate a
wide variety of types of steswas built into the code. The Environmenta Protection Agency (EPA)
Office of Radiation and Indoor Air (ORIA) isin the process of updating and adapting the GENII family
of codes so that it may replace the other computer codes currently being used to evauate radiation
dose and risk from environmentd radioactivity. GENII v.2 includes the most recent computer models
for estimating terrestrid, atmaospheric, and surface water transport of radionuclides aswell as
Internationa Commission on Radiologica Protection (ICRP)-based dose coefficients and Federd
Guidance Report N0.13 risk coefficients. The User’s Guide (EPA 2000) states that GENII v.2 is
“completdy stochadtic usng the FRAMES (Framework for Risk Andysisin Multimedia Environmental
Systems) SUM?3 (Senditivity/Uncertainty Multimedia Modeling Module) driver.”

As noted, GENII v.2 uses FRAMES, developed by PNNL as a platform for interfacing and
linking various modules from one or more modds. The user builds a Conceptud Site Modd, linking
mediaicons, to represent the flow of radionuclides through the environment. Simulation modulesin
GENII v.2 dlow the user to estimate doses and risks to specific individuas and populations. The user
may aso add other computer modules to eva uate radionuclides transport and pathways not included in
the GENII v.2 modules,

EPA has requested advice from the Radiation Advisory Committee (RAC) of the Science
Advisory Board (SAB) with regard to the strengths and limitations of the proposed code (GENII v.2)
for conducting generic and site-specific radiation dose and risk assessments. I1n addition, EPA
requested advice as to whether FRAMES is an gppropriate platform for linking the transport and
dosalrisk estimation modules.

The Committee met on April 25 and 26, 2000 to receive a briefing from EPA on the code, hear
public comment, and develop appropriate advice .

2.2 Charge
The Charge included three e ements:

a Quedtion #1:Is FRAMES a reasonable platform for supporting an integrated system of
tools for meeting the diverse environmenta modeling needs of ORIA?

b) Charge Quegtion #2: (1) Arethe GENII v.2 environmental transport models adequate?
(2) What additional features (or modules) should be added to GENII v.2? (3) What



approaches should be used in GENII v.2 to model exposures to radon, tritium, and
carbon-14?

Charge Question #3: (1) Are the examples and documentation provided with the
software adequate and hel pful? (2) How should the output and uncertainty results be
presented?



3. RESPONSE TO THE CHARGE

3.1 (Charge Question 1) IsFRAMES a Reasonable Platform for Supporting an Integrated
System of Toolsfor Meeting the Diver se Environmental Modeling Needs of ORIA?

In generd, the GENII v.2 code, asimplemented within the FRAMES modeling framework,
gppears to be a powerful and flexible tool for andyzing human dose and risk from many scenarios for
releases of radionuclides to the environment. The inclusion of a stochastic add-on, SUM3, for andyzing
the effects of variability and uncertainty is a particularly attractive feeture in comparison to older,
determinigtic-only models. GENI|I v.2 gppears to be a very innovative approach which will be useful to
EPA and perhaps other agencies.

The RAC bdievesthat it isimportant for ORIA to develop aclear vison and an attendant
mission statement for FRAMES that enumerates their diverse environmental modeling needs o that a
determination can be made as to whether those needs are best met through a FRAMES platform.
Lacking such a clear statement regarding potential uses of the code, the RAC assumed severd generd
types of stuationsin which FRAMES might be valuable. Specific Stuations, particularly those involving
emergency response, are discussed in detail in Section 3.4 (Issues Beyond the Charge).

Use of an object-oriented, open-architecture system that accommodates plug-ins of various
modd s and provides compatibility with avariety of platformsisagood approach. Incluson of the
SUM? uncertainty anadlysis module is extremdy vauable. Although the RAC was not provided with
many details about the structure of FRAMES, it appears that it has only been used, to date, for
modules that do not need to exchange information with high frequency in time or & high spatid
resolution. Linking modules a numerous points in space or with high frequency might prove
cumbersome in FRAMES. ORIA should track and exchange ideas with other organizationsin the
Agency that are undertaking smilar efforts such asthe TRIM modeling system in the Office of Air
Quadlity Planning and Standards (OAQPS) and the MODEL S-3 system in the Office of Research and
Deveopment (ORD).

Based on the information provided to the RAC, FRAMES appears to be a versatile platform
used to integrate savera models pertaining to atmospheric, hydrologic, biotic and radionuclide transport
problems related to specific dosef/risk assessments. FRAMES seemsto facilitate integration by
dlowing:

a The merging of information gained by severa modds.

b) The introduction of a versatile platform with the potentid to accommodate different
modd components each with diverse complexities.

) The display of input and output parameters, S0 asto impart trangparency to the
redizations



d) Reasonable computationd times, which dlow prompt feedback to end user(s).
e) Access to a built-in Monte Carlo module.

f) Access to multiple redizations for sengtivity analyses.

g Access to amulti-disciplinary approach to the problem under investigation.

h) The use of ablock diagram to characterize each module.

The RAC has some cautionary comments with regard to the limitations of the FRAMES
platform and some recommendations for extending its usefulness:

a) The platform is untested and needs some form of thorough verification and testing

b) “Data specification” may limit its versdtility by forcing the use of smple (inadequete)
models.

) The coupling of dl mode resultsis unidirectiona even though feedback between
compartments may exi<.

d) FRAMES s limited in its present treetment of the groundwater component (i.e., not
specified).

e) FRAMES may be limited to using parameterized models.

f) FRAMES does not dlow use of red-time meteorology for emergency response.
0 FRAMES may be limited to progpective andysis.

h) FRAMES s limited to a WINDOWS platform.

i) The linkages and choice of modules for FRAMES should be kept versatile to attract
multiple users.

) The FRAMES platform input needs should be specified to favor the crestion of
FRAMES-compatible interfaces in other groundwater models.

ORIA needs to consder the incorporation of other physically-based models and generdization
of the interface for use with particle-track, andyticd, full dynamic and complex multi-dimensiond
redlizations. ORD is developing MODEL S-3 to perform these functions.



3.2 (Charge Question 2) Arethe GENII v.2 Environmental Transport Models Adequate?; (b)
What Additional Features (Or Modules) Should Be Added?; and (c) What Approaches Should
Be Used to Model Exposuresto Radon, Tritium, and Carbon-14?

Charge Question 2 contains three parts. Each part is congdered separately in the following
sections. However, the response to Charge Question 2b is, to some degree, related to the response to
Charge Question 2a.

3.2.1 Arethe models adequate?

The structure of the GENII v.2 code is so complex that no individud islikely to be able to
comment meaningfully on its overdl scientific merits. Undoubtedly, there are elements of the modeing
that might be controversa among modeling specidistsin those particular areas.  However, the built-in
flexibility of GENII v.2 with respect to model choices and the ability of FRAMES to accept different
modules for different agpects of the overdl hedth risk modeing obviate much of the concern over
model details.

GENII v.2 gppears to provide adequate environmental radionuclides transport modeling
capabilities for screening andyses of reasesin air and surface water. The air disperson mode
included in GENII v.2 is generdly consstent with the level of sophidtication found in EPA’s Indudtrid
Source Code (1SC) digperson modd, which iswiddy used for permitting applications. However,
ORIA may want to evauate the new AERMOD dispersion model that has recently been developed by
EPA in collaboration with the American Meteorological Society to determine whether some of the
more up-to-date algorithms included in AERMOD could be used in GENII v.2. In particular,
AERMOD provides improved trestment of digpersion in convective conditions, aswell asdispersonin
complex terrain. The AERMET system provides the capability of interpolating deta from multiple
meteorologica gationsthat ismissing from GENII v.2. It should be noted in the GENII v.2
documentation that the current dispersion modeling capabiilities are limited to open, flat terrain. One
notable advantage of the GENII v.2 treatment relative to some other air disperson moddsis
conservation of mass associated with deposition or scavenging losses. The source term adjustment for
these processes is a good approach.

The architectura framework of the GENII v.2 and FRAMES software products are well
designed for use by EPA and other end-users for preliminary assessments and screening purposes.
This design has the advantage of being computationdly efficient. However, the Agency may want to
access more physically redigtic process modelsin some cases, depending on the degree of complexity
of the problem. Asan example, the basic diffuson mode from the Atmospheric Transport module
used in the GENII v.2 code iswell accepted and commonly used in the atmospheric sciences
community for Smple atmospheric trangport problems. However, the straight-line Gaussian and
Lagrangian-puff models were designed for “well-behaved” pollution transport from chimney “ stacks’
and do not gpply to more critical scenarios involving fires, explosions and accidentd or terrorist aerid
releases of contaminants, which the EPA may be cdled on to evauate. Under such conditions, the
physics and chemigtry of the problem require the use of more sophidticated, physicaly based modds
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(eg., RAMS HRETEC, and HIGRAD). Whiletheinsertion of these or smilar computationally
complex models onto the GENII-FRAMES platform is not recommended &t thistime, it may be
necessary to provide alink between the results from complex process models and the EPA software
products. In order to facilitate this, one might suggest that “ near-fiddd” and “far-fidld” inputs to the
Patform be envisaged. In complex catastrophic events that the EPA may be required to assess, the
“near-fidld” physics of the problem can be dragticadlly different from the “far-field” phenomenaand
result in different exposures and risksto the public. If “near-fid” results from complex process modds
could beinput as source terms for a GENII v.2 “far-field” atmospheric module, it would alow the EPA
to better assess the consequences of the catastrophic event.

For smilar reasons, it is proposed that the FRAMES platform be modified to alow accessto
more complex hydrogeologic flow and transport process models. Thisis because groundwater (GW)
models are very Ste-gpecific and therefore the complexity and assumptions vary grestly. It would
therefore be computationdly inefficient to build an al-encompassng GW module for GENII v.2.
However, the EPA could identify severa existing flow and transport models (e.g., the PRESTO family
of codes; MODFLOW, FEHM, TOUGH, FLOTRAN, TRACRS3D, etc.) for which the output files
could be modified to be compatible with the EPA platform proposed (i.e., GENII-FRAMES).

Alternatively, with distributed computing becoming more common in the future, the computer
resource issue associated with running process models as part of such an anaysis should become more
tractable. If the GENII v.2 and FRAMES software are used as the "driver" programs that execute
process moddls, then the data can be passed to and from the process-mode codes through shared data
arays or through subroutine cdls in which information is passed through the arguments of the
subroutine. A smilar gpplications system is used in GOLDSIM-V6.01, adynamic, probabilistic
samulation program (Golder Associates, 1999). In ether case, this solution alows continued
development of the GENII-FRAMES computationa software system in pardld with itsuse. Themain
chdlenge to such an gpproach then becomes the issue of "trangparency” in the overdl modd that occurs
when physicaly based, complex models are used. In the near future however, the EPA will increasingly
depend on complex software systems for addressing critica environmenta issues. Asaresult, fallureto
capture the proper physica redity in risk assessments and policy management will become increasingly
serious. The solutions proposed above should help mitigate this problem and with proper Verification
and Vdlidation (V&V) protocoals, result in an increasing use of arigorous EPA screening process.

The number of particle size classes dlowed in the system needs to be extended, as particle sze
isavery important parameter in governing deposition patterns during transport as well as deposition in
the human respiratory tract. The Sites of depogition in the respiratory tract can, in turn, influence both
the subsequent digposition of the inhaled materid in the body and the doses received by various body
organs and tissues. At the present time, the atmospheric trangport module in GENII v.2 only
accommodates one particle Sze. Provision is made in GENII v.2 to use the most recent ICRP
guidance for describing the dosmetry of internally deposited radionuclides. These reports use, for the
most part, the new ICRP lung modd that provides extensive information on the effects of aerosol
particle size on the deposition and disposition of inhaled materials (ICRP 1989, 1994, 19953, 1995b,
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and 1996). Thus, the ability to use only one particle size in the amospheric transport module handicaps
the subsequent anayses that can accommodate differencesin particle Sze.

To improve the credibility and flexibility of the GENII v.2 code, the RAC recommends that a
provision be added to the GENII v.2 air transport module to accommodate log-normd particle-size
digributions with different activity median aerodynamic diameters (AMAD). At aminimum, it would be
desirable to study the trangport of a particle-size digtribution with an AMAD of 1 um, the default
parameter for environmenta exposures given by the ICRP. If dedling with an aerosol size didtribution
characterized by amedian vaue is not possible, provison should be made to study severd different
individua particles Szes.

The models used in GENII v.2 should be reviewed on an ongoing basis as improvements are
made and new models become available. Additiond capability should be added to GENII v.2, as
recommended in section 3.2.2 of this advisory.

3.2.2 What additional features should be added?

The answer depends, in part, on the intended use of the code. As noted previoudy, ORIA
should provide a clear misson statement for GENII v.2. Given the limitations of its understanding of
the purpose for which ORIA intendsto use GENII v.2, the RAC has severd suggestions for
enhancement of the code.

In dl cases the parameterized modd should be tested through verification, cdibration and if
possible vdidation of some or al of its components. The User Guide states that al steps of the user
code development have been documented and tested and the code' s implementation of maor transport
and exposure pathways have been verified by manua caculations for a subset of radionuclides.
However, the RAC bdievesthat GENII v.2 will require further peer review and bench marking of the
full modd if it isused by Agency. The RAC recommends that bench marking involve comparison to
more complex, physicdly based models and andyticd solutions.

The RAC consdered where there are missing piecesin the GENII v.2 modules and where
GENII v.2 could be expanded to enhance its usefulness for a variety of situations. The additiond
features recommended by the RAC have been subjectively classified as“magor” or “minor” additionsin
order to assst ORIA in setting priorities.

3.2.2.1 Recommendationsfor “Major” Additions

A mgor deficiency in GENII v.2 appears to be in the water trangport models. The surface
water trestment is highly smplified, accommodeating only a sngle channd with no spatid varigionsin
channe geometry or flow. It gppearsthat only asingleinput point was accommodated, with no
tributaries or branching of the stream. It was not obvious that the mode has the ability to take into
account dilution by merging streams and, if it can, where in the modd it would occur. Consideration
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should aso be given to incorporating sedimentation and re-suspension from the stream bed into the
transport models.

GENI|I v.2 does not have a groundwater module. This may not be crucid if FRAMES can
accept more complex ste-specific inputs for that module. The deficiency can be remedied by
converting any one of severa available groundwater modes to be compatible with FRAMES.

Based on Committee suggestions, it appears that an estuary or tidal effect model needs to be added to
GENII v.2. Reticulation and recycling options may be desirable. These models have been devel oped
previoudy through the auspices of other organizations (e.g. Procter and Gamble) and may be integrated
into GENII v.2 or made compatible with the FRAMES platform. Access to dispersion coefficients
associated with different modules would be beneficid and dlow end-users to perform custom sengtivity
analyses on these important parameters.

The terredtrid trangport model is aso very smple, with three completely mixed boxes used to
represent surface soils, deep soils, and the source region.  Infiltration through the surface soil
compartment resultsin loss of contaminant from the system, which may not be a good assumption if, in
fact, infiltration moves contaminants from the surface compartment to the deep soil compartment. The
s0il modules did not predict concentration gradients as a function of horizontal postion. It isnot clear
whether the coupling between the air modd and soil deposition automaticaly provides some spatid dis-
aggregation for the soil modelsif the sourceisardeaseto ar.

Asnoted in Section 3.1, GENII v.2 also may be inadequate in terms of some aspects of the
atmospheric trangport module. It may require further development of “near-field” and “far-fidd’
components with different scaling and grid resolution conditions as required by the different physica
phenomenain these domains. “Near-field” and “far-field” components of the GENII v.2 code, would
alow ste-specific treatment of modd smulations and associated uncertainties in the results at both site-
and regiona-scaes, where the physics may be dragticdly different. The Site-scale mode results could
be input into the regiona-scale model as an initid condition or source term.

Asnoted in Section 3.1, the atmospheric dispersion model could aso be expanded to alow
incluson of multiple meteorologica datato dlow for improved wind fields and extrapolation of those
fiddds. Smilarly, theincluson of red-time meteorologica input and parameters for emergency response
problems could be considered (if required). Models which address issues of topography and re-
entrainment of particles could be added to enhance the usefulness of the code.

3.2.2.2 Recommendationsfor “Minor” Additions

The following recommendations are of lower priority than the issues addressed in the previous
section.

a) ORIA should consider whether the code can be customized to take into account rather
unusual conditions or exposure scenarios such as use of impacted water in saunas or
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Native American swest lodges. Congderation of these pathways could become
important in certain Stuations, particularly for volatile radionuclidesin weter.

b) The GENII v.2 system lacks multimedia capabilities in that there is no way to track and
maintain mass baance on transfers between air, surface water, soils, and vegetation.
ORIA may want to look at the TRIM.Fate system being devel oped by OAQPS for air
toxics gpplications.

) All of the amplifying assumptions used in GENII v.2 may be judtifidble for useina
screening toal that is not intended for detailed, Site-specific applications. However,
they should dl be clearly noted in both printed and on-line documentation.

3.2.3 What approaches should be used to model exposuresto radon, tritium, and carbon-
14?

3.2.3.1 Tritium and **C

Tritium(®H) and “C are important radio nuclides that probably should be included in a generd
mode system, but the present treatment in GENII v.2 islimited. The gpproach in GENII v.2 might be
adequate for screening purposes, but the present mode formulation would provide gross overestimates
under many circumstances. *H and *C behave rather differently in the environment, and the usua
modeling approach related to radionuclides attached to particles is not appropriate.

Of the two radionuclides, H is probably the more important because major releases of *H have
occurred in the past at the nuclear weapons laboratories, at reactors, at Rocky Flats, and at
commercid facilities. Large scale releases of “C are rare, but have occurred from the explosions of
large nuclear wegpons, from nuclear reactors, and from nuclear fuel reprocessing plants (which are no
longer in operation inthe U.S.). Under such conditions, the traditional approach has been to caculate
the“globa” dose from **C, rather than the locd or regiona doseindicated in GENII v.2. Smdl scae
releases of *4C undoubtedly occur more frequently from university and other laboratories that use 1“C
asatracer in sudies of metabolism, etc., dthough anomalous release may occur associated with
contaminant remobilization during forest fires (e.g., Cerro Grande fire, Los Alamos, New Mexico,
2000).

One mgjor problem with the GENII v.2 formulation for *H isthat it is appropriate only for
titrated water (HTO) and not for hydrogen gas (HT), athough most of the major releases of *H inthe
past have been inthe form of HT. Thelocad and regiond doses from the release of HT are remarkably
different from releases of HTO. Yet, the user is not warned of this problem. Even for the releases of
HTO the formulation in GENII v.2 is quite consarvative, asit is assumed that instantaneous equilibrium
occursin terms of the spexific activity of 3H between moisture in air and water in vegetation. In redity
this has never been observed, as the specific activity of 3H in vegetation is usudly about a factor of two
less than the specific activity in amospheric water (Anspaugh et al., 1971).
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For *C, GENII v.2 assumes that dl **C rdeased isin the form of **CO,. Thisis probably a
reasonable assumption, but the user should be warned of this and advised that the release of other
forms would lead to different results. The assumption of instantaneous eqilibration for 24C is even less
judtified than for ®H. The release of “C a night, for example, when plants are not taking up CO,,
would lead to remarkably different results than would be predicted by the GENII v.2 code.

Mogt of the modes for *H and **C have been more concerned with the globa doses, rather
than with loca and regiona doses. Thisis becausein redlity it takes avery long time for equilibration to
occur. Again, the user should be warned of this problem, or the GENII v.2 code should be modified to
include the globa aspects of doses from the releases of *H and *C.

The GENII v.2 code may need to incorporate smple coupling of air-water and surface-vadose
zone processes as they apply to tritium, particularly to capture precipitation and evapo-transpiration,
and dilution and percolation processes that can strongly affect the ®H budget. This could be tested with
other models used a environmental remediation Stes where sources are well defined aswell as
concentrations vs. time downstream of contaminated Sites.

3.2.3.2 Radon

The GENII v.2 modules for water pathways included an indoor exposure pathway due to
release of radon from domestic water supplies during household use. The code uses the conversion
factor of 0.1 pCi per cubic meter of air per pCi per liter in water. Thisis congstent with the
relationship between water and air concentrations reported in the Nationa Academy of
Sciences/Nationa Research Council (NAS/NRC) Risk Assessment of Radon in Drinking Water (NAS
1999).

It was not gpparent in the information provided in the User’s Guide that the code considers
radon emanation from soils contaminated with radium (**Raand 2Ra). Inhaation of the short-lived
decay products of 22?Rn and 2°Rn emanating from contaminated soils is a Significant exposure pathway.
The emanation rate of 22Rn is afunction of the thickness of the contaminated layer of soil and its depth
beneath the surface. There are severd codes, including the RADON code (NRC, 1989) that can be
used to estimate 22Rn emanation. The atmospheric dispersion models aready incorporated into
GENII v.2 can be used to estimate off-gite radon decay product concentrations.

3.3 Charge Question 3: (a) Aretheexamplesand documentation provided with the software
adequate and helpful? (b) How should the output and uncertainty results be presented?

Aswith Charge Question #2, Charge Question #3 had multiple related parts which the RAC
consdered separately.
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3.3.1 Arethe Examplesand Documentation Helpful?

The RAC commends the ongoing efforts of ORIA to make FRAMES and GENII.v.2 “user
friendly” and “user inteligent.” The consensus of the authors of this effort and the RAC is that the
documentation is inadequate at thistime. Efforts are underway to improve this aspect.

The examples and written and on-line documentation represent a good start on providing
adequate user support. However, these materias need to be tested in some depth through trials with
novice users. Severd RAC members attempted to use the code and were able to load and look at
some elements of the example problems but even some experienced code users had problems
negotiating through al of the screens or completing the example runs. The software error messages that
showed up did not provide adequate ingtructions to understand or fix the problems.

3.3.1.1 General Comments

The RAC offersthe following general suggestions to improve the usefulness of GENII v.2:

a) Involve end-users in the preparation of the documentation of the mode gpplications.

b) Use more example cases to document cgpabilities of model, including any
verification/vadidation tests and cdibration exercises. These could be placed ina
separate code verification document or within the code user manud.

) Expand on the block-diagraming of module components and their results.

) Enhance the capabilities for visudization of uncertainty andyss results either by
providing further visuas within the code or by facilitating the use of commercidly
avallable visuaization software for Satistical data

d) Although this may be a matter of preference, the RAC would like to see some basic
information on mode formulation, assumptions, and limitations included in the User's
Guide. Thisislikey to be the first source of information for most users. TheUser’s
Guide needs atable of contents and page numbers for easier reference.

e) Severd limitations in the documentation have been noted by the RAC, including use of
jargon that is not adequately explained (i.e., the discussion of “joint frequency data’ in
Section 3.1 of the Guide) and difficultiesin understanding Appendices D and F of the

Software Design Document.

f) The documentation should include some comments about the quaity of datainput and
itsimpact on uncertainty of results.

0 The document should have page numbers and a table of contents.
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h) The manua would be easer to understand if “word problems’ were worked through as
examples, showing the datainput and the output of each screen as the problem was
solved to reach an estimate.

i) Although much technical information had been provided in and about the software, the
supporting text and illustrations need subgtantia attention to make GENII v.2 “user-
friendly” to the broad range of usersthat isenvisoned. Severd Members of the
Committee, using the software and ingtructions provided by EPA, were successful in
ingaling GENII v.2 on their persond computers and were able to follow and execute
the sample cdculations provided by the Agency. However, none of the RAC members
could successfully execute analyses of their own devisng. Moving beyond ingdling
and darting the program, it isimportant that the user have agood understanding, in a
genera way, of what steps the program is going through to obtain the desired dose and
risk information. Reproduction and explanation of al the input screens and possible
default valuesisacriticd ingredient. Another desirable addition would be the use of
block diagrams such as those presented by the ORIA Staff to illustrate what activities
go on in each of the modules plugged into FRAMES.

) Expangion of the text using readily understandable terms would particularly help the
inexperienced user. Astedts of the degree to which the authors have been successful in
the quest for user friendliness, the RAC recommends that software be tested and used
by agroup of people with arange of scientific (or non-scientific) backgrounds smilar to
that envisioned for the end users.

k) Clear descriptions of the input format requirements for FRAMES should be provided
to facilitate the development of compatible groundwater and atmospheric transport
process models to be used in the near-future.

3.3.1.2 SUM 2 Documentation

A number of issues are not adequately explained in the SUM? documentation. In addition,
some of the information that is given isnot clear. For example: the explanation of the exponentid
distribution on page 4.9 isgarbled. Sentences 3 and 4 of that section should be replaced by a
statement such as the following: “ For example, if the time until some event (e.q., radioactive decay of an
atom) is exponentidly didtributed, then the remaining time until that event will dways have the same
exponentia digtribution, regardless of how much time has dlapsed.” Delete “for radioactive decay of
gtrontium-90.” The last sentence on page 4-11 of the SUM?® document isincomplete. Figure 4.13
provides an explanation but it isinconsstent with the text.

The RAC has specific concerns with regard to the clarity of the documentation on Monte Carlo
and Latin Hypercube sampling. The Introduction, page 1.1, dates that “ satistical methods used in
SUM? are based on Monte Carlo sampling using L atin Hypercube random numbers.” The discussion
of sampling on pages 6.3 and 6.4 isincondstent. Page 6.3 suggests that straight Monte Carlo sampling
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is used for corrdated variables, with Latin Hypercube sampling used only for uncorrelated variables.
Page 6.4 then describes a method to induce dependence among variables in Latin Hypercube sampling.
There is no discusson of Monte Carlo sampling on page 6.3, and the discussion of Latin Hypercube
sampling on page 6.4 is not sufficiently detailed and may not be comprehensible to readers who are not
dready familiar with the method. Also, the last two sentencesin the paragraph seem misplaced.

Clarity would be improved by rearranging the paragraph such that the first of those sentences comes
right after sentence 3, and the second one, after sentence 9. Findly, the document does not discuss
how the user can set the number of redlizations in the smulation. Thiscritica parameter gopearsonly in
Figure 7.1.

A built-in capability to perform regresson andyss on Monte Carlo smulation results to identify
influentia sources of uncertainty would be avery useful addition to SUM3. Also, the system should
provide diagnogtic satistica information on the samples that are generated (e.g., sample mean,
variance, and correlation matrices), so that the users know how closdly the Latin Hypercube samples
that the system produced approached their specifications.

3.3.1.3 User Training

A consderable amount of RAC discussion was focused on the issue of the proper use of this
software. Because of the many modules and parameters that can be chosen by the operator, a broad
range of answers can be obtained, many of which might be wrong or mideading due to the improper
choice or use of various parameters and pathways. Proper training isavita ingredient and it is
important that ORIA and its contractor consider the best ways to improve the operator’ s skillsin
applying and using the various features of the software. Classes are one possibility but not everyone
can make the necessary arrangementsto attend. A Users Group was aso mentioned as away for
usersto interact and help each other work out important problems and issues. Tutorids with clearly
defined word problems are another facet that will be particularly important for users who cannot
participate in face-to-face training sessons. The RAC aso discussed the possibility of a phased
approach to learning and using the software. In the beginning phas(s), the number of parameter
choiceswould be limited and more defaults used. This segment would be particularly useful for various
andysts comparing their results for the same gte. As more experience is gained with GENII v.2, the
operator can move onto the more flexible uses of GENII v.2 with a higher degree of confidence and
understanding about the various parameters and their choices.

Although FRAMES and the GENII v.2 code and suite of modules will be widdly available, the
stakeholders must be able to comprehend its value in order for the code to be universaly accepted.
Training needs to be provided, not just in the “how to” but in the philosophy of the use of models and
the importance of understanding uncertainty in the answers that result from their use. Asthe cadre of
people that use GENII v.2 grows, users need to interact with each other to find and fix problems,
expand the code' s capabilities, explore new uses, and help each other to understand the results.

It would be easy to use some unredlitic parameter vaues and have the code conclude dl kinds
of srangethings. The question of whether it is EPA’s job to prevent misuse of the code and its
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modules was discussed. The RAC concluded that EPA should at least provide some warnings to the
user. By making it easy for anyone to use the code and arrive a conclusions about risk, the EPA is
taking on the respongibility to at least caution the user about the credibility of the results.

In generd, the difficulties encountered in using the GENII v.2 code could be dleviated by a
training course complemented by better documentation and a dynamically updated file of “Frequently
Asked Quedtions.”

3.3.2 How should the uncertainty results be presented?

The RAC has severd suggestions and concerns with regard to the presentation of uncertainty
andyssresults. The RAC sprincipa concerniswith the datistical interpretation of uncertainty results
and the built-in conservatism of the code.

The RAC dso questions why there are o few digtributions available in the uncertainty andysis.
Thislack of flexibility is especidly problematic given the unavailability of a user- defined distribution.

3.3.2.1 Statistical Interpretation of the Uncertainty Results

As noted in the previous section, it is not clear whether Latin Hypercube sampling is dways
used, or whether the user has the option of sdecting straight Monte Carlo sampling.  While Latin
Hypercube sampling gives more precise estimates of mean vaues, its performance in estimating the
shape and degree of spread of the distributions of percentiles was not well understood .

In particular, when straight Monte Carlo sampling is used, confidence limits can be computed in
afairly straightforward manner both for the mean value resulting from the Smulation, and aso for the 5
and 95" percentiles (or other user-specified percentiles), as discussed in Section 4.3 of the GENI|
Verson 2 Software Design Document. Care must be taken, however, in computing confidence limits
for results obtained using Latin Hypercube smulation. In particular, the standard confidence limit
ca culations assume independence and random sampling, and hence cannot be directly gpplied to
results obtained usng Latin Hypercube sampling.

With some care, confidence limits for the mean vaue can be obtained by applying Equation
4.34 to the batch means resulting from the various Latin Hypercube runs, rather than to the individua
redizations themselves. Thisis vaid because the batch means are independent of each other, while the
redlizations within a batch are not. However, the RAC is not aware of methods for computing
confidence limits for quantiles obtained using Latin Hypercube sampling. Unless ORIA isableto
identify such methods in the recent literature, the unavailability of confidence limits for quantiles should
be indicated as alimitation of Latin Hypercube sampling. ORIA may dso want to investigate whether
the standard confidence limit calculations for this case (e.g., Equation. 4.43) can be used as
gpproximations or bounds on the confidence limits for Latin Hypercube sampling.
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It isaso unclear what smulation diagnogtics, if any, are available even for sraight Monte Carlo
sampling (e.g., confidence limits). It isinappropriate to present smulation results without such
diagnogtics, Snce the results can be essentialy meaningless if the confidence limits are too broad. In
paticular, thelack of diagnostics makesit very difficult to distinguish mode bugs and input errors from
unanticipated or sourious results due to an inadequate number of redizationsin the smulation. The
automatic inclusion of basic smulation diagnostics such as confidence limitsis critical. This should not
be an option |eft to the discretion of the user. Some users may not be sophisticated enough to request
or compute such confidence limits on their own.

The summary in the Guide dates that uncertainty analysis can be used to understand the
importance of theinput parameters. It was not clear to the RAC that measures for doing this, such as
capabilities for sendtivity anadlysis or uncertainty importance caculations, are actudly availablein SUM3,

Also, the current approach to presentation of resultsin SUM*2 isimply to list the sample input
values and the associated outputs of interest. The justification appears to be that this provides adequate
information for auser to compute any desired output information in a post-processor. However, this
approach is not acceptable. Even some reasonably expert transport modelers may not be comparably
expert in Monte Carlo and uncertainty andysis techniques. As noted above, it isincumbent on the
software designer to provide the gppropriate output information (including smulation diagnostics such
as confidence limits), rather than relying on users to request or compute thisinformation.

Uncertainty results that should be presented include at a minimum the mean, median, sandard
deviation, and 5™ and 95" percentiles, along with the option for other user-specified quantiles.
Graphica presentation of results would aso be desirable. Histograms or estimated probability density
functions are likely to be of more vaue to many users than cumulative distribution functions, so should
be routindly provided. (Cumulative digtribution functions are often difficult to interpret, Snce people are
generdly better a judging heights than dopes)

3.3.2.2 Conservatism in the Uncertainty Analysis

The documentation suggests that the sdection of default parameter values and other smilar
choices were generdly made with a conservative bias (i.e., tending to overdate rather than understate
risk). Although the SUM?® modd is advertized as atoal for investigating the effects of differing degrees
of conservatism, it will do so only to the extent that the user identifies the most conservative choicesin
the models and replaces them with reasonable digtributions. Conservative choices that are not
transparent, or are buried in the basic philosophy of the modeling, may not be discovered by using
SUM:,

For example, it isnot clear that changing from a maximum exposed individud (MEI) focusto a
population risk gpproach actualy provides aredigtic set of risk estimates for the latter. Although
maximum exposure assumptions may be replaced by average exposure assumptions, it is not clear that
the geographic determinants of risk (e.g., distance of residence and workplace from source of
radionuclides) can be treated redigtically in the current GENII v.2 structure.
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In generd, the RAC would recommend avoiding deliberately conservative models or parameter
vaueswhere possble. Casesinwhichitisnot possible to avoid such conservative assumptions should
be clearly documented. In some cases, it may aso be appropriate to provide users with a choice
between “ conservative’ and “best estimate’ models. 1n such cases, there should be awarning to
indicate that the results may not reflect the full range of uncertainty if a user ectsto perform an
uncertainty anaysis using biased parameters and/or models. For example, propagating the uncertainties
asociated with input parameters through a conservative mode will not yidd aredigtic satement of
uncertainties but rather a hybrid of conservative and redistic assumptions which will be difficult to
interpret or even meaningless.

3.3.2.3 Variability versus Uncertainty

The RAC understands that SUM? is not intended to perform two-dimensional Monte Carlo
andysisto quantify variability and uncertainty separately from each other. However, the documentation
should a least explain the distinction between variahility and uncertainty, particularly with respect to the
different influences they can have on risk management decisons. At aminimum, the user should be
warned about the difference, so that the results of an uncertainty anayss will not be interpreted
incorrectly.

For example, uncertainty can, at least in principle, be reduced by further investigation, but
variability cannot. Hence, a clear understanding of the difference can be important in determining
whether further research on a particular subject might be worthwhile. In addition, variability can cregte
concerns about equity (e.g., anong different individuas or communities). By contrast, uncertainty can
cregte concerns about the level of overal societa risk (eg., if therisks at dl sites of a certain type have
been sysematicaly underestimated).

It isdso important to point out that what congtitutes uncertainty in one application may well be
variability for the purposes of a different gpplication. For example, consider adigtribution that reflects
the differences among sites of a given type across the country. For purposes of setting nationd policy,
this distribution would reflect inherent variability that could not be reduced by further investigation.
However, in a Ste-gpecific andyds, the same distribution might be used only as an initid starting point,
with the option of reducing the uncertainties by collecting Ste-specific data.

3.3.2.4 Suggested Extensionsto SUM 3

The discussion above suggests areas where further extensions to SUM?® may be desirablein the
future. One such extenson might be to provide capahilities for two-dimensond Monte Carlo andysis,
thereby dlowing users to quantitatively and explicitly ditinguish between varigbility and uncertainty.

Another extension that may be desirable isto dlow for a quantitative treatment of model
uncertainty. In particular, one would generaly expect ardaivey coarse screening modd to yield wider
confidence limits than a more detailed model, but this might not be reveded by Monte Carlo smulation
based solely on uncertainty in the input parameters to the modd. Similarly, the existence of competing
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modd s with differing degrees of conservatism would tend to suggest substantid uncertainty about how
best to modd a particular phenomenon. This uncertainty again might not be captured by Monte Carlo
amulaion on the inputs to asngle modd.

Findly, the summary in the SUM?® documentation states that uncertainty analysis can be used to
understand the importance of the input parameters. However, at present the software does not appear
to have the capability to perform such uncertainty andyss or uncertainty importance cdculaions. This
would be another option to consder for inclusion in afuture version of the software. For example,
regression anaysis could be used to indicate which input parameters contributed the most to the
uncertainty about a particular output of interest.
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4. COMMENTSBEYOND THE CHARGE

The following comments go beyond the Charge from the Agency but the RAC believes that
some expansion on the issues addressed in the charge is necessary. Given the RAC' s overdl favorable
impresson of GENII v.2 and FRAMES, these comments would often gpply equaly or even moreto
competing modeling systems currently available, and should be viewed as contributing to potential
improvements rather than as criticiams of the current structure.

4.1 Potential Use of FRAMES

In the absence of a pecific gatement from ORIA on the intended use of the GENII v.2 code,
the RAC discussed severd Stuations in which the FRAMES platform, in generd, and the code, in
particular, might be employed.

4.1.1 Generic Assessment of Source Categoriesin Various Settings

This appears to be what GENII v.2was designed to do. FRAMES could provide a good
platform for assessng environmenta impacts and human hedth risks. The calculationd modds within
GENII v.2 and available on FRAMES become the factor that would limit itsuse. The codeis designed
for prospective use, but it could be adapted to retrospective use.

4.1.2 Site Specific Use

GENII v.2 may be ussful for some relaively smple sites, but not for complex sites. Asnoted in
Section 3.2, FRAMES needs a good groundwater module. The FRAMES platform provides a great
potentia for expansion and adaptation. As more caculaiona models are developed that are
compatible with the FRAMES platform, additional capabilities will be discovered and used.

FRAMES has no specific component to model various human interventions that would be
options for agte cleanup. To the extent that various Site remedia techniques can be gpproximated with
amodd, FRAMES would provide a good platform for trying different remediation schemes and
comparing and contrasting the results. For example, FRAMES could include an icon that could be
pulled down to mode the effects of a cap.

4.1.3 Emergency Response — Plume Phase
A platform to be used for dose and risk assessment in emergency Situations must be able to
incorporate red time meteorologica data. That capability is currently not availablein FRAMES or
GENII v.2 but could be readily added.

The platform must alow for Smple datainputs. During an emergency, the data available are
limited. The code must provide information quickly to guide decison-makers. That information must
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be rdatively easy to interpret and without a greet ded of complexity. The module used in GENI|I
v.2/IFRAMESis RASCAL, acode used by emergency planners during exercises.

The ability to use red time meteorological data, field team readings with location identifiers
(northing and easting), source location, and time of release, and have the model caculate a source term
would be a very useful festure for emergency response. That cgpability is not yet provided by GENII
V.2

Emergencies can occur a dl levels. The FRAMES platform needs to be able to provide
advice to the user about model sdlection based on the scale of the emergency. Currently, only small
emergencies could be handled by GENII v.2. The consegquences of emergencies with great motive
force, such as explosions or fires, would not be addressed adequately by GENII v.2. In addition,
GENII v.2, asit is currently constructed, would not be an appropriate vehicle for predicting the impacts
of severe accidents where deterministic effects may beinvolved. Other models are available to dedl
with such stuaions. These limitations are not necessarily inherent in the FRAMES platform, but are a
function of the models currently contained in the GENII v.2 software package.

4.1.4 Emergency Response —Ingestion Phase

After radioactivity has been deposited in an area, it becomes necessary to make decisions
about crop interdiction and other restrictions on agriculturd, indugtria, and residentia use. The
FRAMES platform with gppropriate modules could be useful in assigting decison-makers in evauating
the risk associated with various activities.

4.1.5 Emergency Response — Recovery Phase

It would be useful to be able to modd the various activities that would normally occur in the
impacted area to determine whether it would be *saf€’ to bring people back in and to dlow them to
resume normal activities such as working, shopping, walking the dog, playing in theyard, etc. The
FRAMES platform has the flexibility to be expanded for this type of decison-making, but is limited by
the modelsthat are available in GENII v.2.

4.1.6 Unusual Situations

While not quite reaching the level of an emergency, there are many times when aquick model is
needed to seeif some rare activity could be aproblem. For instance, when a patient with a palladium
seed implant for progtate cancer trestment died and his family wanted to cremate him, ascreening air
disperson moded was needed. This seems to be a good use of FRAMES and the air dispersion model
(if you can properly partition the paladium that would volatilize versus remaining behind as ash.)
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4.1.7 Other Uses

It would be useful for any of these environmental modeling needs to have levels of FRAMES
that vary in complexity for users who are new to modeling as well as users who are experienced and
wish to employ dl the complex functions. The FRAMES platform could aso help the inexperienced
user decide whether the model selected is appropriate for a particular Stuation. Some front end
prompts such as the following would be useful:

a)
b)
c)

d)

9

h)

)

Do you want to use red time meteorology or a 30 year wind distribution?

Do you want to do a retrospective or prospective run?

Do you want a“best” estimate or “consarvaive’ estimate of risk?

Do you want the risk to a person in a certain location or a population in a certain area?
Do you want default values from a certain section of the country?

For a certain time of the year?

For a certain sub-population?

What kind of data quality do you need?

What kind of scale (in gpace and in time) do you need?

4.2 Other Comments Beyond the Charge

The Committee had the following additiond comments:

a)

b)

Based on the experience with using GENII v.2, the RAC suspects that different naive
users might obtain vadtly different results if Smply given a problem (e.g., sampling
results from a Superfund Site) and the FRAMES/GENII v.2 tools. Although training
might reduce the spread, it would be interesting to know how much user-dependence is
possible with the existing documentation.

Essentidly no guidance is given for the sdlection of parameter values for Ste-specific
andysis. For example, how to sdect ariver flow rate for the surface water moduleis
not described. The RAC beieves that harmonic mean flow, not the annud average, is
the appropriate parameter. Infact, it is not even clear what the domain of gpplicability
for the moddsis supposed to be. Perhaps the modeling

sysem isintended only for broad programmatic andysis, if so, that should be Stated.
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d)

9

h)

ORIA should darify whether the GENII v.2 modd includes specid treatment of
children. Categoriesfor dose and risk coefficients for “adult” and “generd” categories
are mentioned.

Conservatism should not be built in to the GENII v.2 code. The dose and risk point
estimates should be as unbiased as possible. Conservative estimates could be
generated by the user by inputting conservative parameters.

ORIA should make an effort to test the code by stringing together severd modules at a
time (as would be donein usng GENII v.2) in addition to the verification and vaidation
of individua modules

Default vaues should be clearly explained to the users so that they know what the
modéd is doing when data are not available for some parameters. It would aso be
useful to supply uncertainty distributions for the default values.

The*acute’ scenarios appear to refer to acute releases (accidents, etc.) rather than to
acute exposure periods. Nowhere do short-term concentration val ues appear to be
used to predict risks of acute hedth effects. With radionuclides, where the principa
concern iswith cancer, thisfocus is probably appropriate. However, auser with a
chemica risk perspective may expect prediction of acute doses to be compared with
criteriafor acute hedth effects. Some further explanation isin order.

One of the options for risk caculations is the use of the Hedlth Effects Assessment
Summary Tables (HEAST) dope factors. Given the lack of easy availability and
confidence in the HEAST document as a generd matter, and given the fact that the
HEAST vaues are basicaly derived from Federd Guidance Report No. 13, with afew
assumptions, it may be better to describe this risk system in some other way.
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b)

d)

APPENDIX A EDITORIAL COMMENTS

It would be very helpful to the user (or casud reader) who is not conversant with
computer jargon to include aglossary in any user’smanud or other documents issued
with reference to the GENII v.2 code In addition, for potentid users who are not
experienced in the use of “platforms’ it would be helpful to include a graphic showing
how the modules link together under the FRAMES “umbrdla” Specific ingtructionsin
the user’ s guide on how to ingta| the code would also be helpful.

Thetypes of scenarios, i.e, “near fidd”, “acute’, and “chronic” should be defined in the
introduction in the User’s Guide.

Connecting the modules did not work as stated in the documentation. The user needed
to shift left click and drag rather than right click and drag. Conversdly, the module
options (Generd Info, User Input, Run Modd) could be accessed with asmple right
click, not a shift click as described in the documentation. If these procedures are
machine-dependent, the user should be warned.

A Glossary should be included in the User’s Guide as wdll as the Software Design
Document.

SUM? Document, p. 6-4: In the 2™ to last sentence on the page, “illiterates’ should
probably be “illusrates’.
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GLOSSARY OF ACRONYMSAND TERMS

AERMET AERMOD Meteorological Preprocessor

AERMOD AIRMIC Dispersion Modd

AIRMIC American Meteorological Society/Environmental Protection Agency  Regulat
ory
Model
Improv
ement
Commi
ttee

AMAD Aerodynamic Median Activity Diameters

Benchmarking Part of the software verification process that involves comparing results of two

or more codes againgt each other, or to an andyticad solution. It entailsthe use
of astandardized problem or test that serves as a basis for evauation or
comparison of software system performance. This mathematical analysis
assures that the behavior of the code to be benchmarked is predictable and
performs as intended.

Cdlibration With reference to models, refers to the use of experimental and/or field datato
congrain the vaue of the variables and parameters used in amodd to satisfy its
use for a gpecific gpplication.

Code Software package conssting of caculationa models

Code Veification: Refersto software development. Verification isaform of code control, which
involves establishing that the software is mathematically sound, accurate, and
numericaly sable. Verification results in the implementation of specified
Software Certification gods. Thisisareiterative process, comparable to the
use of “blanks’ and “standards’ in experimenta protocols. Verification implies
reaching a certain levd of confidence in the correctness of the software system.
A common verification technique involves running the code with specified
boundary conditions and parameters and comparing the results to other codes
under the same conditions (e.g., benchmarking).

EPA Environmenta Protection Agency

FEHM Los Alamos Nationa Laboratory (LANL) Finite Element Heat and Mass
transfer model

FIRETEC Joint LANL & Lawrence Livermore Nationa Laboratory (LLNL) system to

predict wildfire behavior. A computer modd that incorporates basic physica
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FLOTRAN

FRAMES

FRAMES platform

GENII

HIGRAD

HT

HTO

IAEA

ICRP

MEI

Modd

MODELS-3

and chemicd properties of fire. By investigating, understanding and modeling
the fundamenta principles of fire, the researchers can build models that more
accuratdy predict wildfire behavior

FLOTRAN isafinite dement andyss program for solving fluid flow and
conjugate hesat transfer problems, developed by? It asssts with the andysis of

Computationd Fluid Dynamics (CFD) phenomena such as flow through ducts,
channdls, or over arfails.

Framework for Risk Analysisin Multimedia Environmental Systems

Software package with a user interface that alows the user to sdlect specific
cdculationd components included in the andys's, sdlect radionuclides, view
intermediate and result files, prepare result charts and perform uncertainty and
sengtivity andyses

GENeration 11 computer programs which include calculationa components that
can be exercised under the control of FRAMES

A High-resolution and strong GRADient gpplication mode that Smulates
westher variables across afire line, LANL Nationd Center for Atmospheric
Research (NCAR)

3HH - tritiated hydrogen gas

3HHO - tritiated water

Internationa Atomic Energy Agency

International Commission on Radiologica Protection

EPA Industrial Source Code Model

Maximaly Exposed Individua

A mathematica representation of possbly complex physical, chemica, and/or
biologica processes. A mode may be phenomenologica in thet it triesto
represent in very fine detail (usualy by coupled differentia equetions) the
fundamentd processes occurring, or it may be entirdy empirical.

EPA Third Generation Air Qudity Modding System
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MODFLOW

OAQPS
ORD

ORIA

Platform Vdidation

PNNL

PRESTO

RAC

RAMS

SUMm?3

TOUGH

TRACRS3D

TRIM.Fate

Vdidation

VAMP

Veificaion

U.S. Geologica Survey (USGS) Modular Three-Dimensional Ground-Water
Flow Model

Office of Air Qudity Planning and Standards

Office of Research and Development (EPA)

Office of Radiation and Indoor Air (EPA)

A process whereby model(s) are run independently of the platform and the
modd results are compared to the results when the same model(S) is run under
control of the computing platform. Complete verification is very difficult, and
severd different problems should be run to test as thoroughly as possible the
extreme conditions of the model(s).

Pacific Northwest Nationa Laboratory

Prediction of Radiologica Effects due to Shdlow Trench Operations family of
codes

Radiation Advisory Committee

Regiond Atmospheric Modding System, origindly developed at Colorado
State University for the Nationd Oceanic and Atmospheric Adminigtration’s
(NOAA) Air Resources Laboratory (ARL)

Science Advisory Board

Sengtivity/Uncertainty Multimedia Modding Module

Lawrence Berkeley National Laboratory (LBL) Transport of Unsaturated
Groundwater and Heat

A Modd of Flow and Trangport in Porous Fractured Media, Los Alamos
National Laboratory (LANL)

Totd Risk Integrated Methodology (TRIM) Environmental Fate, Transport, &
Ecologica Exposure Module

see Platform Vdidation
VAlidation of Modd Predictions

see Platform Vdidation
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