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evaluations discussed in Regulatory Guide 1.3,
'Assurpticns Used for Evaluating the Potential
Radiclogicai Consequences of a Loss of Cooiant Accident
for Boiling Waier Reactors,' and Regulatory Cuide 1.4,
'Assumptions Uszd for Evaluating the Potential
Radiological Conseguences of a Loss of Coolant Accident
for Pressurized Water Reactors.' A number of other
regulatory guides also include recommendations for or
references to radiological analyses of potential
accidents. The applicability of the specific criteria
discussed herein to these other ana.yses will be
considered on a case-by-case basis. Until such time as
generic cuidelines are developed for such analyses, the
methodology provided in this gvide is acceptakle to the
NRC staff."

Thus, in 1982 the NRC considered the uge of the RG 1.145 mogel to
be acceptable until generic guidelines were developed to assess
other types of accidents. Generic guidelines for assessing
accidents from materials licenses were developed by tne NRC since
that time, and the final form of these guidelines was described
by NUREG~1140 in 1988. (Licensee's Exhibit 2, €9 10-14)

7. “he additional question arises as tc why X/Q values
determined from the dicpersion modele in RG 1.145 and NUREG=1140
are different. The difference comes from NRC's use of a computer
code that allows for a more sophisticated dispersion model which
is able to accurately take into account more variables. This
computer generated model therefore does not need tuv rely on tho
overly conservative assumptions used to apply the simple
calculational model found in RG 1.145,

8. The NUREG-1140 dispersion mode.l was developed from a
slightly modified version of a computer code, CRAC2 (Calculatien
of Reactor Accident Consequences), which is utilized "extensively
by the NRC for calculations of doses that could result from
nuclear power plant accidents." (NUREG-1140, p. 11) The CKAC2
computer code was developed at Sandia Nactionhal Laboratcrics under
an NRC-sponsored research program as & mure sophisticated and
credible model for use in accident assessments. 3/ For
postulated materials license accident assessments, the CRAC?2 ¢onde
was modified to use a new set of dose¢ conversion factors for the
dosimetry portion of the calculations. (NUREG/CR~3657, p. 27)
More extensive description of the modifications made to the model
and the assumptions made for the NUREG~1140 analysis are found in
NUREG/CR~3657.

3/ NUREG+=3657: "Preliminary Screening of Fuel Cycle and By~
Prcduct Material Licenses for Emergency Planning," Marczh
1985,
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radio

The computerized dispersion model utilivzed in NUREG~-
signed to take into account the effects of the many
which can greatly affect the value for X/Q. (Id., .

f these variables is the essurmption used for the

orm of the radioactive material released from an

The physical forms of radicactive material released
lear power plant accident resulting in the greatest
ose to the public are defined in Regulator; Guides 1.3

2/t

The assunptions related to the release of
active material from che fuel and containment are

as follows:

a. Twenty-five percent of the equulibrium

radioactive iodine inventory developed from maximum

full

power operation of the core showld be assuned to

be immediately available for leakage from the primary

react

or containment, Ninety-cne peircent of thais 25

percent is to be assumed to be in the from cf elemental

iodin
the t
noble

opera
avail

e, 5 percent of thig¢ 25 percent in the form of
icdine, and 4 percent of this .5 percent in
orm of organic iodides.

b. One hundred percent of the egquilibrium radicactive
as inventory developed from maximum fall power

tion of the core should be assumed to be inm:diately

able for leakage from the reactor containment." §/

(Emphasis added)

Since the
released f
the RG 1.1

vast majority of radicactive materials assumed to be
rom a nuclear power plant accident are in gaseous form,
45 model was employed for this use. 2/

4/

3/

8/

1/

Regulatory Guide 1.3 (RG 1.3): "Assumptions used for
Evaluating the Potential Radiological Consequences of a
Loss of Coolant: Accident for Boiling Water Reactors",
Revision 2, June 1974,

Regulatory Guide 1.4 (RG 1.4): "Assumptions Used for
Evaluating the Potential Racliological Consegquences of &
Loss of Coolant Accident for Pressurized water Reactors",
Revision 2, June 1974.

The radioactive material yreleasc¢ assumptions used in
ANSI/ANS=-15.7-1977: "American National Standard Research
Reactor Site Evaluation," are similar to those used in RG
o g B IS

However, the CRAC2 computer code was later developed %o
credibly estimate the public¢ health risk €from nuclear

R
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10, Howe:er, the disper icn of radjcacti materials in
particulate far,y can differ grostly from dispersion of
radioaceite giscw In the case oi dispnrsion of particulatec, as
woirid V@ tie cax. Yor plutonium or emerici m, airborne
e o0ntrat \eA8 arce . o8s than those for qaucs due to plume
apietics tvom grav.tational setiling, turpulent diffusion
invartaen wiv) the giound, and scavenging of material during
Seo advacation., «NI'REG) Cu-3657, p.36) The more sophisticated
computer model usnd to determine X/Q values for the NUREG-1140
ana.ysig included the effect of plume depletion for particulates
((d., p.62), and NRC iudicates that materials i 'censees are to
use there X/Q values in zalculating internal doue for assumed
accident analysis., (NURFG-1140, p. 12; 54 Fed. Reg. 14058, April
7, 1989)

1., Wi-f's, et,al., use of the model described in RG 1.145
is therefore witilout merit because the NKC does not consider it
the apprepriate and currcat model to use with regard to L state-
of-the-art assessment of an assumed accidental ri:lease of
plutonium or americium for materials licenses,

12. Warf, et.al., then attemgst to cast the X/Q vaiues *"a '
hava calcula.ed from the RG 1.145 model in a talec light by
asserting that theve ig great likelihood that their X/Q values
are “less conservati 'a" (Intervenors' Exhibit 20, 49 76-77) than
many other A/Q valums they cite from saveral relgiw.s s. N &
et.al,, neglect to discuss thc assumptions useC by these
references in calciilating these various X/Q values, and whether
these assurptions are credible in estimating X/Q values for
accidents involviig plutonium or americium. Most >f the ¥/Q
values cited have bezn decerminegd for cases of nuclear power
yiacter or lLon-power reactor sccidents (power vreactor: RG 1.4;
non-pewer reactor: NUREG/CR-2079 8, NUREG/CF~2387 9/, and
Universitv of Flurida's Reac: or Sat«’.y Analysis Report). Warf,
et.al., Also cite a X/Q value found in the Rockwell Radiological
Cortinqeasy Plan. 30/ Warf, et.al., provide no review of the

reactor accidents and is now "widely used by utilities
and National Laboratories (both in the United States and
overseas) and at the NRC." (NUREG/CR-3657, p. 27).

8/ NUREG/CR=207%: “Analysis »of Credible Accidents for
Argonaut Reactors " April 1981,

3/ NUREG/CR~2387¢ "Credible iccident Analyees for TRIGA and
TRIGA<Fueled Reactors," April 1982,

1U/ Rockwell's original Radiologiszal Contingency Plan (RCP)
vas established Aucust 22, 1281 (Rockwell Document ESG-
A1-30) as a condit.on of ite License No. SNM-21, about
eight wears befcre it proposed doing the TRUMP=8

5
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April 7, 1969)
14, Warf, et.al., state that:

"Although the University appears to think that NUREG-
1140 did dispersion calculations and calculated
inhalation concentrations through some sophisticated
model, in fact NUREG-1140 and the associated Federal
Register notices make clear that for inhalation, NUREG-
1140 merely agsumed a maximum intercept fraction of
104, rather than calculating dispersion." (Intervenors'
Exhibit 20, § 94) (Emphasis in original)

Their assertions are entirely wrong. For purposes of calculating
inhalation concentrations in NUREG-1140, the NR” used the
extensive dispersion ~=lculations as described in NUEG/CR=-3657,
and as refiected, for example, on p. 12 of NUREG~1140:

"The results of the M-.uiummmnm
for inhalation are shown in Figure 1 for both F, 1 n/s

and D, 4.5 m/s assumptions. Fijure ., giving X/Q in
#/n', can be used to calculate inhalation dose

reng due to a released quantity Q in uCi b, using the
equation:

D=DCF x B x X/Q x¢Q

where: DCF = dose conversion factor, rems/uCi inhaled, as
given in Table 13 and

B = breathing rate, which is 2.66 x 10* m'/s."
(Emphasis added)

15, Warf, et.al., go on to claim the NUREG-~1140 analysis of
irternal exposure was based on a "rule of thumb [maximum
intercept fraction of 10%), rather than standard dispersion
models." (Intervenors' Exhibit 20, § 94) 1In addition to internal
dose calrulation due to inhalation cited above, NUREG/CR=3657
also provides the results of intercept fractions calculated from
the CRAC2 dispersion model for various distances (NUREG/CR-=1657,
p. 62), as well as doses calculated from this dispersion model
for over 200 isotopes at distances ranging from 100 to 1500
meters (ld., Table 5.1, pp. 52+57). An intercept fraction is
defined as “"that portion of dispersed materials that could be
inhaled by an individual." 11/ NRC corzidered, based on the

A1/ NUREG-0767: "Criteria for QJelection of Fuel Cycle and
Major Materials Licenses Needing Rad:.1l.gical Contingency
Plans," July 1981, p. 5.

P
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100 meters are based on unstated and unsubstantiated assumptions,
and thus are essentially unsupported. 15/ Moreover,
concentrations within such distance are basically irrelevant, As
Licensee has prcviousl¥ stated, in case of emergency public

5

access is l'wmited to d

tances well beyond 100 meters from MURR,

16/ (Licensee's Exhibit 2, § 36).

17.

NUREG-1140 is the current NRC generic guideline by

which accident analyses of postulated accidents for materials
licenses are revieswed. It is based on realistic, yet
conservative, assumptions. 17/ Thus, Intervenors' attempts to
discount the use of NUREG-1140 by citing earlier NRC generic
guidelines for different types of accident analyses, and by
making blatantly false statements describing NUREG-1140 methods
continue to be utterly without merit.

18.

Intervenors' Previous Dispersion Calculation
. .

L Exhibit 1, Table II11
Warf's, et.al., defense of how they applied their

dispersion model to plutonium requires the reader to truly
stretch his imagination. They had originally described the
assumptions they used in calculating concentrations of plutonium
as follows:

"We have calculated estimated concentrations of

i3/

A6/

i1/

Warf's, et.al,, statement that their value is consistent
with UCLA (Intervenors' Exhibit 20, § 81) is irrelevant
because UCLA's concentrations were based on an accident
involving a research reactor, (See Y9 5 - 11 above)

The conclusion made by NRC concerning concentrztions at
less than 100 meters is expressed in NUREG=1140 on p., 10:

"Limiting the intake to 10* in effect
means that a person on the plume
centerline in dense smoke closer than 100
meters from the release point will move
out of the smoke before the release
ends."

Intervenors seem to believe that a realistic assumption
cannot be conservative. They are wrong. One need not
use an unrealistic or incredible assumption in order to
be conservative. If facts are credibly known or if
sufficient analysis has been done to establish a credibly
known range, such known (or "realistic") facts or range
can be used in a conservative analysis.

10
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plutor ‘“um in unrestricted areas in case of fire
involving gne gram of plutonium and a 3% release

+ Alteration of the guantity and relecase
fraction assumptions can bLe used to scale th
calculations. The results are included in Table I1I1I1."
(Intervenors' Exhibit 1, § 75) (Emphasis added)

and &8 follows:

“"Estimated conccntration of plutonium in
unrestricted areas in case of fire involving one gram
of plutonium., The calculation utilizes similar
assumptions to MURR (e.g., l_gram Pu involved in fire,
same figure for Maximum Permitted Concentration),
except for a more reasconable releage fraction (.023) ard
the correct emergency action level (10 MPC). The
calculation also assumes ecxhaust fans shut down as per
emergency plan,

Note: (1) The calculations are based on a 1 hour
release, although time is essentially independent in
th tions; (2) l.cram of Py is ab 08 €4
l’u,"‘”?ﬁ"“)lls ignoring resuspension and Pughlf (which
would increase the dose)." (Id., Table I1II) (Emphasis
added)

When I challenged Warf, et.al., to explain how they determined
their concentrations listed in Table II1, they now not only show
that they used an inappropricte dispersion model, but they weakly
argue that they used "less-than-clear language." (Intervenors'
Exhibit 20, § 84) Notwithstanding the explicit language guuted
above from Intervenors' Exhibit 1, they accuse me of "misreading"
their data and of "presuming" that their concentration was
applied to a release of 1 gram ¢!/ plutonium with a .03 release
fraction, and state that Table II1l1 was "intended as a template"
to be adjusted up or down. (ld.) This explanation is incredible.
Warf, et.al., should admit that either their Table IIl was wrong
or their description of it in Intervenors' Exhibit 1 was wrong.

19, More importantly, however, Warf, et.al., are misleading
when they claim that the disagreement as to a factor of 30
betwveen me and Warf, et.al., "does not really exist" and that our
respective X/Q values and windspeed figures "are in fact fairly
comparable." (]Jd.) They apparently are comparing this factor of
30 to the factor associated with using a 3% release fraction,
i.e., (1)/(0.03) = 33. (Id., ¥ 85) There still remains a great
difference between the generic worst case analyses I have made
based on NUREG~1140 guidance and the analyses made by Warf,
et.al., based on incredible release fractions. (See Licensee's
Exhibit 17, 49 28 - 53) Furthermore, their X/Q value of 8.65 x
10" sec/m' at 100 meters (Intervenors' Exhibit 20, § 76) is still

11
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b, 10 CFR § 20.,105(b) ()) Limit (3.27 x 10" Ci/m" for
pluteonium and 3.14 x 10" Ci/m' for americium),

e, New 10 CFR § 20 Appendix B Table 2 Limit (1.75 x 10"
Ci/m' for plutonium and 1.75 x 10" ¢i/n’ for
americium),

d. Emergency Action Level Limit (1.44 x 10" Ci/m' for
plutonium and 4.80 x 10" Ci/m' for americium), and

e. ANSI/ANE~15,7 Urban Boundary Limit (8.17 x 10" ¢i/n’
for plutonium and 7.86 x 10' Ci/m' for americium).

Each of these limits would be valid if used for its intended
purpose. (See § 23 below) However, none represents an
appropriate standard in assessing a postulated accidental release
of plutonium or americium from activities under an NRC materials
license, There is no such standard in NRC reg lations or
rnqulator{ guidancas, It is instructive, however, to consider the
NRC's analysis in NUREG-1140. NRC chose to use the lowest value
of EPA's Protective Action Guides (1 rem) as the standard in
reviewing the need of additional emergency preparedness for
responses to accidents involving NRC materials licenses., (NUREG~
1140, p. 14; NUREG/CR-3657, p. 13) Logically, if a postulated
accidental release could not credibly exceed the 1 yem standard
and thus would regquire no action to be taken by the public, then
the results of such accident should not be considered to be
inconsistent with assuring public health and safety.

23, 'The reasons that rarf's, et.al,, five "limits" are not
appropriate for the stated purpose or are incorrectly applied are
the following:

a, 10 CFP § 20.106(a) defines the limits of airborne
concentrations from effluent releases to which the
public mui be continuously exposed in unrestricted
areas during normal operations., 20/ As explained in
Section F.1.¢9. of Licensee's Response, it does not
apply to evaluation of releases during a hypothetical
severe accident.

20/ While Wwarf, et,al., state that they modified these
concentrations to account for an annual concentration
limit being inhaled during a one hour accident
(Intervenors' Exhibit 20, 9 90), they fail to explain
that their concentration "limit" for plutonium is
calculated from the Maximum Permissible Concentration
(MPC) for Pu=-239, Pu-240, and Pu~241 and does not appear
to account for the higher allowed MPCs for Pu=238, Pu=-241
and Am=241.

14
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Similarly, 10 CFR § 20.105(b) (1) defines permissible
radiation levels in an unrestricted area during normal
operations, and does not apply to evaluation of
radiation levels during a hypothetical severe accident,
Moreover, although Warf, et.al., try to use it for
internal dose calculations, it is really an external
radiation level limit. External dose due to airborne
plutonium or americium is insignificant in comparison
to the associated internal dose. (NUREG/CR=-3657, p. 61)

Presumably, Warf's, et.al, reference to the "New 10 CFR
§ 20 Appendix B Table 2 Limit" is intended to refer to
the revised version of such Table that was proposed by
the NRC in 1986 (51 Fed. Reg. 1092, January 9, 1986)
and adopted by the NRC in December 19%0. 21/ S&ince
such revisions were not effective in April 1990 and
licensees may defer implementation until January 1,
1993, they have no relevance to this proceeding. 1In
any event, just like §§ 20.105 and 20.106, Appendix R,
Table 2 pertains to concentration in unrestricted areas
during normal operations, not to evaluation of releases
from a hypothetical severe accident.

Warf's, et.al., "Emergency Action Level Limit" is
apparently based on an emergyency action level from
Licensee's existing Emergency Plan which is used to
indicate an unusual event and is only applicable at the
site boundary. (Licensee's Exhibit 2, § 41) Using the
calculational method described in Attachment 1 to this
affidavit and assumptions from § 24 below, the
associated dose due to an exposure at this
concentiation "limit" would be 24 mrer, 22/ or 40
times less than the 1 rem where protective actions
taken by the public may be warranted. Wwarf, et.al.,

21/

22/

The 1$90 revisions to Part 20 have not yet been published
in the Federal Register, but the version presented to the
Commission for its approval is reproduced in GECY-90-387,
which is available from the NRC Public Document Room.

For Am-241, this action l.vel is defined as ten times
2 x 10" ¢ci/m', or 2 x 10" Cci/m', averaged over 24 hours.
The effective dose equivalent is determined using these
values and Equation 2 in Attachment 1 of this Affidavit:
D = (2x10" Ci/m’) (530 rem/uCi) (10*uci/ci) (2.66x10%
m'/sec) (3600 sec/hr) (24 hr)
= 0,024 rem = 24 mrem

15
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19) Americium~241 was used rather than pluronium
because it is the limiting case, 23/

b. The specific activity of Am=-241 is 3.43 Ci/qg.
(Licensee's Ex..ibit 3, ¢ 51)

e The material is assumed to be uniformly released over
one hour. (Licensee's Exhibit 2, Attachment 3, ¢ 5)

d. Release fraction is 0.001. (ld., § 2)

e. Two cases for the dispersion model at 100 meters and
beyond are presented: stability class F, 1 meter/sec
windspeed, and no plume buoyancy (Id., § 4): and
stability class D, 4.5 meter/sec windspeed, and plume
buoyancy (Licensee's Exhibit 1, § 22).

- Individual exposed is assumed to breathe the maximum
concentration released for the one hour release tinme.
(Licensee's Exhibit 2, Attachment 3, § §)

g. Breathing rate is 2.66 x 10* m?/sec. (ld., 1 5)

The F, 1 m/sec, no buoyancy curve represents what NRC considers
to be the generic worst case results for assessing accidents
associated with materials licenses; while the D, 4.% m/sec, curve
represents what DOT considers to be the generic case results
which are adeguate to assess protection of public health and
safety for transportation accidents involving a plume buoyancy
factor. (NUREG~1140, p. 10) The range of concentrations
corresponding to EPA's Protective Action Guides are also shown in
Figure A. Even under these generic analyses which do not take
into account site specific factors, the F, 1 m/sec curve ghows
that concentrations are expected to be below the PAG
concentrations well within a site boundary of 400 metere. The D,
4.% m/sec curve shows that concentrations would be well below
even these concentrations. Any analysis using site-specific
facters for MURR in the NUREG-1140 method would result in
conce“.sa\ions many times less than the generic case analyses
shown in Figure A (See Licensee's Exhibit 1, 99 22 -25), and an
analysis (f credible accidents at the Alpha Laboratory would show
concentrations to be still smaller (See Licensee's Exhibit 3, 49
3B -53).

23/ Licensee previously analyzed plutonium release in
Licensee's Exhibits 1, 2, and 3 in order to provide
direct comparisons to Warf's, et.al., analysis of
plutonium release.

17
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sSummary

25, Intervenors' claims that the TRUMP-S experiments pose
danger to the public based on Warf's, et.al., dispersion analysis
are shown to continue to be without merit for the following

reasons:

a. Warf, et.al., use an inappropriate dispersion model
which is based on iicredible assumptions for assessing
a postulated materials license accident, and

b, Warf, et.al., misapply and incorrectly determine
inappropriate "limits" they use to ciaim that the MURR
site is unsuitable for the TRUMP-8 experiments.

Subscribed and sworn
before me in

[fanllé County
Missouri this __ '‘day of
January 1991

o ‘_/"7‘,"
ary Pu

'>harcn Wesselman, Notary Public, State Micsoul
My commission eapires February 21, 1991
Boone Courty, Missouri

My Commission Expires

Z-2 )./

18

Manager,
Reactor Health Physics
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Licensee's Exhibit 16, Attachment 1

summary .of Caloulations Used for Figure A

Assumptions used are described in Licensee's Exhibit 16, § 24.

1.

Concentrations (X) calculations from NUREG~1140 dispersion
models:

X = (X/Q)(Q) ci/n’ (Equation 1)

where, X/Q = concentration/release rate, volues obtained
from corresponding curves in NUREG-1140,
Figure 1, p. 13 (sec/m")

Q = release rate
(3.43 Ci/g) (1 ¢)(0.001} /(%600 sec)
= 9.5 x 10" Ci/sec

Concentration (X) calculation for internal (inhalation)
dose:

X = (Dcr)(1d%7s)(t) Ci/m' (Equatien 2)
where, D= effective dose egquivalent (rem)
DCF = dose conversion factor
- 530 rem/uCi inhaled for Am-241 (NUREG-1140,
Table 13, p. 80)
10° = conversion from uCi to ¢i
B = oreathing rate (m'/sec)

t = breathing time (sec)

Exanmple for D = 1 rem:

(1 rem)
X = (530 rem/uCi) (10° uCi/Ci) (2.66x10* m'/sec) (3600 sec)

= 2.0 x 10° ¢i/m’



Concentration (Ciym?)

10

10

10

10

Figure A
Generic NUREG-1140 Analysis
for Postulated Accidental Release of
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