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NRC STAFF'S ANSWERS TO NATURAL RESOURCES
DEFENSE COUNCIL, INC. AND SIERRA CLUB
TWENTY-SEVENTH SET OF INTERROGATORIES TO STAFF

Pursuant to the Licensing Board's Scheduling Order of August 31,
1962, the Nuclear Regulatory Commission Staff ("Staff") hereby responds
to "Natural Resources Defense Council, Inc. ("NRDC") and the Sierra Club
Twenty-Seventh Set of Interrogatories and Request to Produce to Staff",
filed on September 17, 1982, relating to the Draft Supplement to the
Fina)l Environmental Statement related to construction and operation of
Clinch River Breeder Reactor Plant, NUREG-0139, Supplement No. 1, Draft
Reprot (July 1982). Attached hereto are the Staff's answers to those
interrogatories, tngether with the affidavits of the sponsors of the
Steff's answers. 7o the extent not provided herewith, signed and
rnotarized affidavits of NRC Staff employees who participated in
preparing the attached answers will be provided as soon as possible.

Pursuant to 10 C.F.R. § 2.744, the Staff will respond to "Natural
Resources Defense Council, Inc. and the Sierra Club Third Request to

Staff for Production of Documents" filed on September 17, 1982 and the
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documents reguested in the "Natural Resources Defense Council, Inc. and
the Sierra Club Twenty-Seventh Set of Interrogatories and Request to
Produce to Staff" by October 18, 1982, unless the documents are provided
in this response.

On March 4, 1982, the parties in this proceeding developed 2
Protocol for Discovery, pursuant to which NRDC and the Sierra Club have
requested that answers to interrogatories be provided in six parts, as
follows:

(a) Provide the direct answer to the question.

(b) Identify all documents and studies, and the particular
parts thereof, relied upen by Staff, now or in the
past, which serve as the basis for the answer. In
lieu thereof, at Staff's option, a copy of such
document and study may be attached to the answer.

(c) Identify principal documents and studies, and the
particular parts thereof, specifically examined but
not cited in (b). In lieu thereof, at Staff's
opticn, a copy of each such document and study may
be attached to the answer.

(d) Identify by name, title and affiliation the primary
Staff employee(s) or consultant(s) who provided the
answer to the question.

(e) Explain whether Staff is presently engaged in or
intends to engage in any further, ongoing reserach
program which may affect Staff's answer. This
answer need be provided only in cases where the
Staff intends to rely upon ongoing research not
included in Section 1.5 of the PSAR at the LWA or
construction permit hearing on the CRBR. Failure
to provide such an answer means that Staff does not
intend to rely upon the existence of any such
research at the LWA or construction permit hearing
on the CRBR.

(f) Identify expert(s), if any, which Staff intends to
have testify on the subject matter questioned, and
state the qualifications of each such expert. This
answer may be provided for each separate questicn
or for a group of related questions. This answer
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need not be provided until Staff has in fact
jdentified the expert(s) in question or determined
that no expert will testify, as long as such answer
provides reasonable notice to Intervenors.

For all responses to interrogatories in this set, the foliowing are
the Staff's answers to the requests set forth above:
(a) Direct answers are provided for each question.

(b) A1l documents and studies, and the particular parts
thereof, relied upon by the Staff now or in the
past which serve as the basis for the answer are
identified in the answer tc the question, unless
otherwise noted.

(c) There are no principal documents and studies
specifically examined but not cited in (b), unless
otherwise indicated herein.

(d) The name, title and affiliation of the primary
staff employee(s) or consultant(s) who provided the
answer to the question are set forth in the attached
afficavits, unless otherwise indicated herein.

(e) The Staff is not presently engaged in nor does it
intend to engage in any further, on-going research
program which may affect the Staff's answer, unless
otherwise noted.

(f) At this time, the Staff has not determined who will
testify on the subject matter questioned. Reasonable
notice will be given to all parties after the Staff
has made this determination. At that time, a state-
ment of professional qualifications will be provided
for each witness.

Finally, in the Staff's June 18, 1982 answer to NRDC's ¢nd set of
document requests, relating to contention 1, the Staff indicated that
Dr. Kelber had been requesied to not distribute his response to the

questionnaire referenced in that request. DOr. Kelber has now received
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permission to publicly distribute his response, and a copy is therefore

being attached as Enclosure C.

Respectfully submitted,

ﬂ . § 1
ompar S - _%_4 e
r

Daniel T. Swanson
Counsel for NRC Staff

/(\ '(//(M >

Bradley W. Jones
Counsel for NRC Staff

Gegry S. Mizuno
Counsel for NRC Staff

Dated at Bethesda, Maryland
this 1st day of October, 1982.



Responses to NRDC 27th Set of Interrogatories

1. Appendix D

Interrogatory 1.1

On page D-2, the staff has stated that it used Amendment XIV to the
applicants' CRBR Environmental Report as a basis for its independent assess-
ment of the environmental effects of the CRBRP fuel cycle. What is the
basis for the staff's conclusion that this assessment is independent if

the staff has simply used the numbers reported by the applicants in the

Environmental Report?

Response to I.1

This interrogatory by NRDC completely miscontrues the staff statement
on page D-2. The full statement is, "The staff has used Amendment XIV
as a basis* for performing an independent assessment of the environmental

effects of the CRBRP fuel cycle."

Thus it is clear that the staff used a number of items for its independent
review and that the DOE Amendment XIV to its ER is merely one of a number
of bases for the staff's independent review. Further, the NRDC inference
that the staff merely used "the numbers reported by the applicants in the
ER," is an obvious misstatement of fact. Even a casual review of Appendix D
would show that the staff considered the material provided by the applicant
in the ER and in many instances used different values than those proposed

by the applicant. A few typical examples of this are noted below:

* Underlining provides emphasis for this answer




The quantities noted in Fig. D.1 of NUREG-0139, Supplement No. 1
_are independently developed by the staff and are not the same as
those provided by the applicant in Fig. 5.7-1 - CRBR Equilibrium
Fuel Cycle of Amendment XIV to its ER.

For the fuel fabrication step, the staff realistically con-
sidered the plutonium composition expected and planned for
the CRBR fuel as contained in Section 5.8.3 of the applicants'’
TR, and compared it to the basis used by DOE in its environ-
mental appraisal for the FMEF project. (See Table D.5 and
Table D.6). The staff used the higher of the two values for

each isotope in its assessment.

For the fuel reprocessing and waste management steps, the
staff had independent calculations performed by the ORIGEN 2
code at ORNL to estimate the composition of spent fuel. This
is clearly noted on page D-12 and in Tables D.7 and D.8 of
NUREG-0139, Supplement No. 1. Further, the staff considered
the values developed in this manner with those developed by
DOE and for conservatism used the highest of the values as

the basis for its assessments.



Interrogatory 1.2

On page-6-3. the staff has identified the current fuel cycle proposed by
the applicants for the CRBRP (page D-2). Identify any and all reasonably

foreseeable alternative fuel cycles for the CRBRP.

Response to 1.2

Contention 6 by NRDC requested an analysis of, "... the environmental impact

of the fuel cycle associated with the CRBR ..."

The staff requested from the applicants a description and assessment of
such a fuel cycle. The applicant provided this material in Amendment XIV
of its ER. The staff is not aware of any alternative fuel cycles proposed
by or planned by the applicants. Accordingly, the staff has no basis for
predicting any alternative fuel cycles for the CRBR and thus is unable

to answer this question. In some portions of the fuel cycle provided by
the applicant, alternative facilities were noted as possibilities; for
these operations, the stafr has considered the alternatives and has based
its assessment on what is believed to be a set of conditions that would

conservatively bound the alternatives.
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Interrogatory 1.3

Identify the (RBRP initial loading (Table D.1) that would be required for
the heterogenous core if reactor-grade plutonium from reprocessing

commercial reactor fuel were utilized to supply the plutonium for the CRBR.

Response to I.3

The CRBRP construction permit application, including the Environmental

Report, is based on the use of FFTF grade fuel (i.e. approximately 12%
Pu-240; see section 5.8.3 of the ER and 8/24 Transcript at 1833, lines

4-8 and 18-24). Neither applicants nor staff have analyzed the initial
CRBRP core loading that would be required if reactor grade plutonium

from reprocessing commercial reactor fuel were used.




Interrogatory 1.4

In Figur; D.1 at page D-3, the staff has assumed plutonium losses to waste
storage of .5% of the plutonium throughput for both the reprocessing plant
and the fuel fabrication plant. For each year of operation, or alternatively
over the plant lifetime, identify the actual plutonium losses to waste
storage (as a percent of plutonium throughput) that occurred at the following

plents:

a. the NFS West Valley reprocessing plant,

b. the Savannah River plant, F Canyon,

c¢. the Hanford Purex plant,

d. the Kerr-McGee MOX Fuel Fabrication plant,

e. the NUMEC Plutonium Fabrication Operations plant,

f. the NFS Erwin Plutonium Fabrication Operations plant,

g. the fuel processing or fabrication plant where these data

are known to the NRC staff.

Response to 1.4

The staff judged that the DOE estimate of 0.5 percent losses of plutonium
in a reprocessing plant is reasonably conservative. Part of the basis for
the staff's judgement on this value is founded on data like that contained
in Table 4.19, "Overall Decontamination and Recovery," of Chapter 4 of

Volume II, "Fuel Reprocessing," of The Reactor Handbook, Second Edition,

which indicates that losses significantly below this level (0.3%) were

obtainable two decades ago. The staff has also considered that one of the




principle purposes for the reprocessing of the CRBRP fuel is to demonstrate
the recovery of plutonium to establish its breeding ratio, thus there wouid

be a strong incentive to 1imit plutonium losses to Tow levels.

With regard to commercial reprocessing operations, the reprocessing plant
operated by Nuclear Fuel Services, Inc. at West Valley, New York had over-

all plutonium losses of about 2.6 percent. These losses were a product of
inefficient operations and a decision not to rework waste solutions to

remove plutonium products since the expenditure of funds for better separation
was not economically justified by Pu demands. Thus they should not bte
considered a valid basis for establishing levels of losses. Further, the
exact value of plutonium losses is not essential to the environmental impact
assessment for the reprocessing plant since such losses would not be to

plant effluents, but would be principally included in wastes which are

separately disposed of and evaluated for environmental impacts.

Operational data for the DOE reprocessing facilities should be obtained from

the DOE.

There has been virtually no experience in the USA to demonstrate the material
balance in a closed plutonium breeder cycle. It is recognized however that
plutonium losses in the fuel cycle will have the effect of reducing the over-
all breeding efficiency of the system. Therefore, there is an incentive to
limit losses of such important fuel values in a demonstration as a forecast

of what may be achievable in a fast breeder program.

There has been limited USA commercial experience in the fast test reactor fuel

fabrication. Based upon classified information that has been compiled by the



0ffice of Inspection and Enforcement relative to a p.lot plart that has
produced_fuel for fast reactor use over a five year period losses approxi-

mated about 0.7% of throughput.

Considering that losses to waste of about 0.7% has been achieved and that
there is a high incentive to further limit losses in a demonstration cycle,
leads the staff to pelieve that losses of about 0.5% are achievable and

may be reasonably expected.
References:

As stated in response. Also Safety Analysis Report, Vol. I., Nuclear
Fuel Services, Inc., Reprocessing Plant, West Valley, New York,

Docket No. 50-201, 1973, p. I-2-3.



Interrogatory 1.5

In Fing; D.1 at page D-3, how much plutonium did the staff assume was
initially stored 1. ..e facility labelled "Pu Storage Inventory" that

would be available for use in the CRBR as initial core and reload materials?

Response to I.5

The staff did not assume that any plutonium was initially stored in the
"Pu Storage Inventory." That unit operation was included in the overall
flow diagram in NUREG-0139, Supplement No. 1, to account for the excess
plutonium bred in operation of the CRBRP, not as a basis for storage of

plutonium feed material from other DOE sources.



Interrogatory 1.6

At pagé D-4, paragraph 4, the staff states that it based its evaluation on
the equilibrium mode with burnups shown in Table D.3. How many reprocessing
cycles (identified in Figure D.1) are necessary before the plutonium isotopic
concentration in fresh CRBR fuel reaches equilibrium under the fuel cycle

assumed in Figure D.1?

Response to 1.6

The following answers relate to 1.6 through 1.9. The CRBRP ER is based
upon the use of FFTF grade plutonium (see answer to 1.3). The appli-
cant has not provided the staff with information on composition of plu-
tonium resulting from repeated recycling of fissile material through
the CRBRP. However, the staff does not believe that any change in
plutonium composition resulting from such considerations would affect
the fuel cycle requirements in a significant manner (i.e. would not

change more than 20%).
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Interrogatory 1.7

What is the plutonium isotopic concentration in fresh CRBRP fuel at the
time after the CRBRP fuel cycle has reached its equilibrium, with regard
to fresh fuel plutonium concentration? In other words, iuentify the
plutonium isotopic concentration at equilibrium in weight percant for
(a) Pu-236, (b) Pu-238, (c) Pu-239, (d) Pu-240, (e) Pu-241, (f) Pu-242,
and (g) Pu-243.

Response to I.7

See response to Interrogatory I.6.
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Interrogatory 1.8

What is the plutonium isotopic concentration of CRBR fresn fuel for the
fuel cycle in Figure D.1 after 1, 2 and 4 recycles respectively, for each

isotope 1dentifizcd in question 7 above.

Response to 1.8

See response to  nterrogatory I.6.



Interrogatory 1.9

In Table D.3, at page D-6, the staff has assumed that the fissile plutonium
content represents 88% of the total plutonium of each charge to the reactor
core. What is the basis for the staff's assumption that the fissile content
will not be substantially lower at equilibrium due to recycling of the CRBR

fuel as shown in Figure D.1 at page D-3?

Response to 1.9

See response to Interrogatory I.6.
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Interrogatory 1.10

On page b-9. the staff states that the applicants and the staff both assumed
a clean-up factor of 1.25 E-8 for the atmospheric transuranic releases from
the core fuel fabrication operations. For each year of operation, or

alternatively, over the lifetime of the facility

a. What clean-up factor was achieved by the plutonium
operations at the Kerr-McGee facility that was used to
fabricate FFTF fuel?

b. What clean-up factor was achieved by the plutonium
operations at the NFS Erwin Facility?

c. What clean-up factor was achieved by the plutonium
operations at the NUMEC facility?

d. What clean-up factor was achieved by the plutonium
operations at Rocky Flats?

e. In light of the experience at Rocky Flats, what is the
basis for the staff's assumption that, averaged over the
lifetime of the plant, accidental releases will not

exceed routine releases through the banks of HEPA filters?

Response to I1.10

Clean-up factors applicable to individual filters, or banks of filters
in series, are not routinely measured during operations involving
plutonium due to a number of .easons such as widely varied operations,
range of source concentra.ions, etc. Therefore, NRC has no directly

obtained quantitative values of annuai clean-up factor for the operations
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mentioned. However, such factors are determined for systems prior to
filtration system use. Licenses issued for these types of operations issued
under 10 CFR Part 70 require that equipment and facilities be adequate to
protect health and minimize danger to 1ife. Regulatory Guide 3.12 presents
methods acceptable to the Regulatory staff for complying with : 70.23 of

t%at regulation relative to filtration systems. In order to assure adequate
clean-up factors Regulatory Guide 3.12(C)(8)(f) states that "HEPA filter
systems should be tested after filter installation using a “"cold DOP" test.
Acceptance should be based on an efficiency of 99.95% or better...."

Similar guidance for DOE operations, including all DOE contractor operations,
is provided in DOE 5480.1A Environmental Protection, Safety, and Health
Protection Program for DOE Operations, of 8-13-81. A system with three
filters in series (as planned for the SAF line) that passes this test will
have a calculated clean-up factor of 1.25 x 10'10. For these reasons the
staff feels that derating a filtration system by a factor of 100 (clean-up

factor 1.25 x 10’8) is a sufficiently conservative basis Tor estimating

gaseous effluent quality.
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Interrogatory 1.11

On page 6-14. the staff refers to alternative reprocessing plants to the
DRP. For each isotope element identified in Table D.8 at page D-15, identi-
fy the containment factor utilized by the staff, or by DOE if larger than
the staff's assumption, for the DRP and for each of the following plants:

a. The F-Canyon at the Savannah River plant,

b. The NFS West Valley facility,

c. The Hanford Purex plant,

d. Any foreign reprocessing plant where the data is known

to the NRC.

Response to 1.11

The staff has not utilized containment factors for any of the facilities
listed in the interrogatory. The containment factors, used by the staff for
the DRP are taken from Table 5.7-3 of DOE's Amendment XIV as explained in
Table D.8 in footnote (a). These containment factors for most isotopes,
with the exception of ruthenium, were judged by the staff to be appropriate

for the following reasons:

1. The commitment on the part of DOE to use current guides
and standards in the design of the DRP.

2. The general conservatism used by the applicant in
estimating the performance of plant final filters.

3. The availability of current technology to achieve these objectives.

The staff used a more conservative containment factor for ruthenium taken from

Data Sheet No. 256 of DOE/ET-0028.



Interrogatory 1.12

On page D-21 the staff states, "It is estimated that for CRBRP these
releases would range from about 6 x 10'5 Ci/yr from a repository in salt
to about .5 Ci/yr from a repository in granite (1/100th of values reported
in DOE 1980)."

a. What is the basis for the staff's assumption that 1/100th
of the values reported in DOE 1980 should be taken?

b. What independent analysis, if any, has the staff conducted
to verify that the release rate assumed in the reported DOE
document are correct; i.e., 6 x 10'3 Ci/yr from a repository
in salt and 50 Ci/yr from a repository in granite?

c. Display all calculations that form the basis for the staff's
estimate of this curie release.

d. Identify each and every staff person and consultant who conducted
this independent review. Identify the employer and location of
each consultant.

e. Identify when this review took place.

f. Identify and produce all documents examined and relied upzn
by the staff in the conduct of this review.

g. Are the above curie releases to the "accessible environment"?
If not, what are these releases to?

h. How does the staff define "accessible environment" in this

regard?




Response to 1.12.a

Two factors were taken into consideration in arriving at the 1/100

figure: 1) waste characteristics and 2)waste quantities.

The characteristics of the CRBRP wastes were presented in Table D.10 of
NUREG-0139, Supplement No. 1. This table shows that the isotopic com-
position of CRBRP HLW are similar to that of LWR HLW. Furthermore, the
radioactivity, thermal power, and ingestion toxicity for CRBRP HLW and LWR
HLW wastes would be essentially similar as shown in the independent work
performed by ORNL for NRC as shown in Reference NRC 1982a.

The amount of high level waste from a nuclear fuel cycle is generally
quantified in terms of the amount of heavy metal fuel that it results

from.

With regard to the quantity of CRBR waste, the average annua' fuel require-
ments for the CRBRP, as illustrated by Figure D.1, page D-3, is 11.87 MTH.
Thus, over the 30-year operating 1ife of CRBRP, the fuel cycle waste disposal
requirement would be based upon about 360 MTHM of fuel. In DOE 1980b (see
page 5.41, Table 5.3.7), the waste capacity of the conceptual waste reposi-
tories range from wastes resulting from 30,500 MTHM to 69,000 MTHM of fuel,
Thus, the CRBRP wastes represent approximately 1/100th of this range of

capacity for the conceptual waste repositories.

Response to 1.12.b

The NRC staff did not perform an independent analysis of projected release

rates from conceptual DOE repositories. Actual repositories will be subject

i o ot gl
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to detailed review by NRC during the required Ticensing process. Until
that licensing analysis is performed, NRC has adopted the 'alues reported
in the DOE Final Environmental impact Statement pursuant to Part 1506 of

the CEQ regulations.

Response to 1.12.c

Table 5.4.9 in DOE 1980b displays annual releases of naturally occurring
radioactivity to air from construction of a geologic repository. The
nuclide values in Table 5.4.9 were added together for each of the four
geologic media. This yielded total releases ranging from a 5.9 x 10'3
Ci/yr for a salt repository to 53 Ci/yr for a granite repository. Based

on the rationale in response to Interrogatory 12.a, the fraction of CRBRP
waste is projected to be 1/100 of the total repository waste inventory.

As a result, the releases attributed to CRBRP on a prorata basis for a salt

repository are approximately 6 x 10'5 Ci/yr and those of a granite reposi-

tory are 5 x 107 Ci/yr.

Response to 1.12.d

Robert McCallum PNL, Richiand, WA
Iral Nelson, PNL, Richland, WA
Regis Boyle, NRC, Washington, DC

Homer Lowenberg, NRC, Washington, DC

John P. Colton, NRC, Washington, DC
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Response to 1.12.e

The review was carried out during the period of April - June, 1982.

Response to 1.12.f

The staff relied on the following documents cited in the NUREG-0139,

Supplement No. 1:

1) DOE 1980b
2) DOE 1979
3) NRC 1982a
These documents will be made available as part of the staff's response to

your request for documents.

Response to 1.12.g

DOE 1980b states on page 5.52 that the releases identified in Table 5.4.9
are to the biosphere which is defined on page 8.2 of DOE 1980b as "The
part of the earth in which 1ife can exist including the 1ithosphere, hydro-

sphere, and atmosphere; 1iving beings together with their environment."

Response to I1.12.h

The term "accessible environment” has not been used in NUREG-0139, Supple-
ment No. 1. NRC understands this term, as defined by EPA, to be "(i) the
atmosphere, (ii) land surfaces, (iii) surface waters, (iv) oceans, and

(v) parts of the lithosphere containing significant amounts of groundwater;
the accessible environment also includes (vi) parts of the 1ithosphere con-
taining insignificant amounts of groundwater that are more than ten kilo-
meters in any direction from the original location of the radioactive wastes

in a disposal system."

R R A N S



Interrogatory 1.13

At page D-21, the staff states: "“The resulting annual dose to the regional
populations in the vicinity of the repository would range from about 7 x 10'5
person-rems for a repository in salt to about 1 person-rem for a repository

in granite."

a. What is the basis for the staff's assessment of the person-rem
calculations presented here? Present all calculations and
assumptions.

b. Identify and produce all documents relied upon by the staff
as a basis for these calculations.

c. Identify the staff personnel and consultants, by name and
affiliation,that performed these calculations and analyses.
Were these calculations performed by DOE or DOE consultants?
If so, identify who performed the calculations.

d. Define precisely the "regional populations" referred to in
this statement, including the size, i.e., number of people;
and extent, i.e., distance from the repository.

e. Identify the time period sver which the dose estimates
(on an annual basis) are summed.

f. Identify each isotope that was considered in the summation
of the dose commitment.

g. Identify the contribution to the total dose commitment from
each isotope over the prescribed period of summaticn or

integration.



2=

h. Identify the dose conversion factors utilized in the above
- calculations.

i. Identify all other important assumptions made in the same
calculations.

J. What is the staff's estimate of the range of uncertainties on
both the estimates of the curie values released for each of the
isotopes ir.olved (see question 12 above) and for the overall
dose cormitment in person-rems? What is the basis for this
estimate? Display all calculations and identify and produce
all sensitivity studies, and documents relied upon by the staff
in response to this question.

V. What is the basis for the staff's reporting the dose commitment
in person-rems, presumably meaning whole-body dose, given that
most of the dose would be to internal organs, such as the bone
surface, for both salt and granite repositories.

What is the staff's estimate of the total dose commitment to
bone surfaces?

m. What is the basis for this estimate of total dose to the bone
surfaces? Display all calculations and identify and produce

all documentation relied upon by the staff.

Response to 1.13.a

The basis for the staff's assessment of the person-rem calculations is

DOE 1980b. As discussed in our response to Interrogatory 12.b, the staff



ad pted DOE 1980b since the EIS (DOE 1980b) has met the standards of an
adequate EIS under CEQ regulations.

The total body doses to the regional population were obtained from

DOE 1980b, Table 5.4.10, page 5.53, by dividing the values presented by
100. These values represent 70-year whole-body doses. The annual doses
to the regional population from the conceptual repository are presented

in DOE/ET-0029, Environmental Aspects of Commercial Radioactive Waste

Management, Volume 2, Table 9.1-8, page 9.1.7, and range from 3.1 x 10'4

person-rem/year for a salt repository to 2.6 person-rem/year for a granite
repository. Prorating these doses for the CRBRP portion of a repository
(1/100) results in a range of 2.1 x 10'6 person-rem/year to 2.6 x 10'2

person-rem/year.

Response to 1.13.b

The document relied upon for the 70-year whole-body doses was DOE 1980b.
The document relied upon for the annual whole-body doses was DOE/ET-0029,

Volume 2. These documents will be included in the staff's response

to your document request.

Response to I.13.c

1. Robert McCallum, PNL, Richland, WA
Dennis Strenge, PNL, Richland, WA
Iral Nelson, PNL, Richland, WA
Regis Boyle, NRC, Washington, DC

Homer Lowenberg, NRC, Washington, DC

o o R w ~N
. . . . .

John P. Colton, NRC, Washington, DC



Response to 1.13.d

DOE 1980b defines regional population as the population within an 80 km
radius of a waste facility, i.e, 2 million, (see page 3.16 of Volume 1
and Appendix F of Volume 2 for additional discussion).

Response to 1.13.e

The doses on page D-21 were 70-year accumulated whole-body doses to the
regional population from exposure to radon and its decay products which

are released over a seven year construction period.

Response to 1.13.f

214 ZIOBi.

220Rn’ 222y

The isotopes considered were n, 2"on, Z]ZPS. Pb, and

Response to 1.13.g, h, i, j

The contribution to the total dose commitment from each isotope over the
prescribed period of summation wis not presented in DOE 1980b. Such

detail should be able to be obtained by contacting DOE.

Assumptions regarding specifics of the models used to estimate dose are

presented in Appendix D of DOE 1980b.

Pursuant to CEQ Guidelines Part 1506 the results of the analysis in

DOE 1980b were adopted for the waste management analysis of the CRBR fuel
cycle. It is the staff's view that it is meaningless to perform ad ‘itional
detailed calculations at this time on a conceptual repository, since the
staff will perform a detailed review of any repository for CRBR high-level

wastes at the time that such an application is submitted by DOE.



Response to I1.13.k

Doses pfésented are for "enhanced" release of 22°Rn ard ZZZRn (plus
daughters) during mining of the reg~sitory. The dose “o0 internal organs

2wa because of the short half-1ife of the other 223

is mainly due to Rn
daughter products. The total body doses presented represent an average
dose over all body organs and was used as a convenient measure of potentizl
dose. The calculation of the total body dose is perfo~med using methods
and data of ICRP Publication 2 with respiratory system response described
by the Task Group on Lung Dynamics lung model of ICRP Publication 19. The

dose calculation includes all material deposited in all internal organs.

Response to 1.13.1

The total population dose to bone surfaces is estimated to be 8 x 10'4

person-rem for a salt repository and 12 person-rem for a granite reposi-

tory.

Response to I.13.m

The doses reported in response 1 above were estimated from the "total body"
doses as follows. Because the dose to internal organs is primarily from

2]on. the dose to cortical bone is first estimated using the ratio of

inhalation dose conversion factors (for chroni. uptake over 1 year nd a
50-year dose commitment period) for bone and total body as presented in
Strenge et.al. (1980). This reference gives dose conversion factors for
2wa (page D.56) as calculated by the computer programs DACRIN (Houston,

et al. 1976) using the methods that were used for the dose calculations in
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the reference report (DOE 1980). This ratio implies the bone dose is 32
times the total body dose. The dose tc bone surfaces can be estimated
using data from Dunning et al. (1979) describing dose to internal organs.
For 21%b, the dose to bone surfaces is estimated to be 0.37 that of the
dose to the cortical bone (page 71). The dose to bone surfaces is thus

estimated by multiplying the total body dose by 12 (32 times 0.37).
References:

ICRP Publication 2.
ICRP Publication 19.
Strenge, D. L. et al., 1980. ALLDOS - A Computer Program for Calculation

of ladiation Doses from Airborne and Waterborne Release. PNL-3524,

Pacific Northwest Laboratory, Richland, Washington.
Houston, J. R., D. L. Strenge, and E. C. Watson, 1976. DACRIN - A Computer

Program for Calculating Organ Dose from Acute or Chronic Radionuclide

Inhalation. BNWL-B-389. Pacific Northwest Laboratory, Richland, WA.
DOE (1980) DOE/EIS-0046F.
Dunning, D. E., Jr., October 1979, Estimates of Internal Dose Equivalent to

22 Target Organs for Radicnuclides Occuring in Routine Releases from

Nuclear Fuel Cycle Facilities Volume II. NUREG/CR-0150 Volume 2.

ORNL/NUREG/TM-190/V2. O0Oak Ridge, Tennessee.

These documents will be included in the staff's response to your document

request.



-26-

Interrogatory 1.14

On page°0-29. the staff discusses the calculation of the dose commit-
ments from blanket fuel fabrication and estimates the total whole-body

dose commitment to be less than 0.1 person-rem annually.

a. Given that the primary radiological effluents from blanket
fuel fabrication are U-235 and U-238 (see page D-7), what
is the basis for the staff's view that only the whole-body
dose should be calculated rather than include internal organ
doses for the critical organs for U-235 and U-238 exposure?

b. What are these critical organs and what would be the
corresponding organ exposures?

c. What dose conversion factor was utilized in calculating the
whole-body dose commitment of .1 person-rems annually?

d. Identify and produce the documentation u-wd as a reference
source for dose commitment factor.

e. Explain in detail how the RABGAD code has been validated
and produce all documentation related to the RABGAD validation.

f. Identify each staff personnel and consultant who conducted the
RABGAD (i) validation, and (ii) calculations.

g. Identify and produce all documentation of the RABGAD dose
calculations conducted by the staff.

h. With respect to the environmental dose commitments for both
the blanket fuel fabrication and the core fuel fabrication,
what is the basis for the staff's assumption that the inte-

gration period should be limited to 100 years? What would



i.

27

the dose estimate be if the integration period were extended

. to cover (i) half-1ife and (ii) O half-lives of the pertinent

isotopes?

In the staff's calculation of the dose commitment of less than
0.1 person-rems fur core fuel fabrication, provide a break-
down of the ause commitment by (i) isotope identified in

Table D.4, (ii) pathway identified in the second to last

paragraph on page D-29, and (iii) organ, including the whole body.

Response to 1.14 .3

(a)

(b)

As stated on page D-29 of the Draft Supplement, the staff reviewed

the dose estimates in the Environmental Tmpact Appraisals for existing

commercial U.S. uranium fuel fabrication plants. In addition, on

p. D-33 (Footnote "a" to Table D.17) of the Draft Supplement, it is

stated that "the annual population doses to the bone, lung, kidney

and GI tract are also less than 1 person-rem." Using those data

bases, the Staff concluded that the population fabrication facility

would be a small fraction of the estimated population dose from the

entire fuel cycle, and a more sophisticated analysis was not neces-

sary.

See references listed in 8D.2.4.1 of the Draft Supplement.

Response to 1.14.b

See response to Interrogatory 1.14.a.
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Response to I.14.c

The dosé estimation of the Environmental Impact Appraisals for two of
the facilities (i.e., Exxon, and General Electric) were based on dose
conversion factors documented in a report by Houston, J. P., et al,

DACRIN - A Computer Program for Calculating Organ Dose from Acute or

Chronic Radionuclide Inhalation BNWL-B-389 Battelle Pacific Northwest

Laboratories, Richland, Washington (1975). The dose estimates in the
Environmental Impact Appraisal for the Westinghouse facility were baced
on dose conversion factors documented in a report by Moore, R. E., et al,

AIRDOS - A Computer Code for Estimating Population and Individual Doses

Resulting from Atmospheric Releases of Radionuclides from Nuclear

Facilities, ORNL/TM-4687, Oak Ridge National Laboratory, Oak Ridge,
Tenn. (1975).

Response to 1.14.d

See response to Interrogatory I.14.c.

Response to 1.14.e

(a) The RABGAD computer code was developed in 1975 by K. F. Eckerman,
who is now with Oak Ridge National Laboratory. Extensive valida-
tion of RABGAD was conducted at that time. The principal documenta-
tion of the computer code is described in NUREG-0002. E. Branagan
has made some draft comparisons of estimated doses using the RABGAD

code with dose estimates using the GASPAR computer code.

(b) The principal documentation is in NUREG-0002 and NUREG-0597.
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Response to 1.14.f

(a) The main validation of RABGAD was done by K. F. Eckerman (see
response to f). The doses for the fuel cycle facilities that
are included in Appendix D of the Supplement were estimated by

E. F. Branagan, Jr. and L. Fairobent.
(b) The principal documentation is NUREG-0002, NUREG-0597 and the Draft.

Response to I1.14.q

The RABGAD computer code was not used to estimate doses from exposure

to radioactive effluents from the blanket fuel fabrication facility.

Response to [.14.h

The = “f limited its estimates of population and health effects to an
environmental dose commitment time of 100 years because predictions over
long time periods (even as great as 100 years) are subject to great
uncertainties. These uncertainties result from but are not limited to
political and social considerations, population size and distribution,
and competing health risk characteristics for time periods on the order
of thousands of years, additional uncertainties result from geologic

ana climatologic effects.




Response to 1.14.1i

(a) E;iimates of the population doses from exposure to radioactive
effluents from the core fuel fabrication facility are contained
in a computer printout identified as "A" (see Enclosure A).
Estimates of the population doses to various body organs are

given according to radionuclide, and pathways.

(b) Printout "A".
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Interrogatory I1.15

With reéard to the estimate of total population dose commitment of less
than .1 person-rem, identify the dose commitment factor utilized for
each isotope and internal organ, including the whole body used in this

calculation.

a. Identify where these dose conversion factors are documented,

and produce any and all such documentation.

Response to I.15

(a) As stated in response to Interrogatory I.14(a), a sophisticated
analysis of the doses from the blanket fuel fabrication facility
was not necessary (see response to I1.14(a) & (c)). The dose con-
version factors used in estimating doses from exposure to radio-
active airborne effluents from the core fuel fabrication facility
are included in computer printout A (i.e., Enclosure A). The
bases for these dose conversion factors is described in Chapter IV,

Section J, Appendix A of NUREG-0002, Volume III.

(b) The main documents are Printout A, and NUREG-0002.
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Interrogatory 1.16

The fo]fowing questions relate to the staff's calculation of the dose

commitments from fuel reprocessing, estimated to be 140 person-rems.

At page D.30, with respect to the tritium dose calculation,
identify the total person-rem dose from tritium exposure
within the 50-mile Twmit,

Identify the contribution to the tritium exposure for the
U.S. population beyond the 50-mile limit,

Identify the tritium dose commitment for the population
beyond U.S. boundaries (i.e., remainder of the northern
hemisphere).

Answer questions a. through c. above for carbon-14,

Answer questions a. through c. above for noble gases

(e.g. Kr-85).

Answer questions a. through c. above for halogens (e.g. I-131,
1-129).

What is the bone surface dose commitment within the 50-mile
limit with respect to each of the dose commitment from fuel

reprocessing (Section D.2.4.3)?

Response to 1.16.a

Doses to the U.S. population from exposure to airborne radioactive

effluents from the fuel reprocessing plant were derived from the last

page of the computer printout identified as "B". The estimated doses
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to the total body of the U.S. population from exposure to H-3, C~14,
Kr-85 and 1-129 are about 75, 66, 0.4, and 0.02 person-rems, respectively.
The staff did not compute the dose to the population within 50 miles of
the plant because a specific site for the plant has not been selected.
However, the doses to the population within 50 miles of the plant would

be less than the preceding values. Computer printout "B" is Enclosure B.

Response to 1.16.b, c, d - f, 9 - 1,51

See response to Interrogatory 1.16.a.

c, f, 1, 1

The Staff has not made conclusions, nor would it be appropriate to do
so, regarding environmental impacts beyond the U.S. boundary. (See

Board Order, May 27, 1982).

Response to 1.16.m

(a) As stated on p. D-30 of the Draft Supplement, over 90% of the
estimated dose to the total body (i.e., 140 person-rems to the
U.S. population) is due to tritium and carbon-14. Since tritium
and carbon-14 tend to be dispersed uniformly throughout the body,
the staff did not include estimates of the doses to other organs
in the Draft Supplement. However, the doses to all of the other
organs with the exception of bone would be approximately the
same as the dose to the total body (see the last page of printout
“g"). Note that the dose to the bone that is listed on the last

page of printout “B" is a very conservative estimate because it

is based on the use of an n-factor (i.e., a relative damage facter)
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(c)
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of 5 for carbon-14. Since tne JCRP no longer recommends the use

of an n-factor, the dos- ' the bone would be less than the value
derived from printout "B" (i.e., about 400 person-rems to the U.S.
population). See response to 1.16.a concerning doses to the pop-

ulation within 50 miles of the plant.

The principal documents are: (1) Draft Supplementa, p. D-30;

(2) computer printout “B"; and (3) ICRP Publication 2 (1959).

The principal documents are: (1) ICRP Publication 30, Limits
for Intakes of Radionuclides by Workers; and (2) Killough, G. G.,

et al, Estimates of Internal Dose Equivalent to 22 Target Organs

for Radionuclides Occurring in Routine Releases from Nuclear

Fuel-Cycle Facilities, NUREG/CR-0150, Vol. 1 (1978).
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Interrogatory I1.17

Provide the answers to questions 14 a.-i. above with respect to the

dose commitment calculations for fuel reprocessing rather than blanket

and core fuel fabrications.

Response to 1.17

a.

C.

- b. See response to Interrogatory I.16.m.

Dose conversion factors are listed on pp. 8-12 of computer
printout "A" (Enclosure A). Since the specific activity model
was used to estimate the dose from exposure to C-14, a dose
conversion factor for C-14 is not listed in printout "A". In
estimating doses from exposure to C-14 a body burden of 400 uCi
was assumed to correspond to a dose of 5 rem.

The bases for the dose conversion factors is described in

Chapter IV, Sect’on J, Appendix A of NUREG-0002, Volume III.

See response to Interrogatory I.14.e.

See response to Interrogatory I.14.f.

The principal doct wentation for the population dose estimates for
exposure to radioactive effluents from the fuel reprocessing plant
is printout “B" (Enclosure B).

See response to Interrogatory I.14.h.

See computer printout "B" (Enclosure B).
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Interrogatory 1.18

a. Identify by page number and location on the page where the
dose estimates cited in D.2.4.3 are found in the RABGAD
computer print-cut.

b. Supply the computer printout for this purpose.

Response to 1.18

(a) Only one dose estimate is cited in 8D.2.4.3. The dose estimate
(140 person-rems to the total body of the U.S. population) is
derived from the last page of printout “B". (Enclosure B).

(b) Printout "B".



Interrogatory I1.19

At page.D-30, the staff states that CRBR high-level wastes are projected
to occupy less than 1% of the total inventory of a typical high-level
waste repository. Identify the total inventory of a typical high-level

waste repository for which this estimate was made.

Response to 1.19

See response to 1.12.a.



Interrogatory 1.20

At page'D-Bl. the staff estimates that the cumulative radiation dose
to transportation workers and the general population would be approxi-
mately 24 person-rems per year for the CRBR and its related fuel cycle.
Table D.16 on page D-32 provides a breakdown of the person-rems that,
when summed, leads to <4 person-rems per year. With respect to each
entry in Table D.16 that exceeds one person-rem per year, provide the
underlying analysis, including all input assumptions that were used to

estimate these person-rem exposures."

Response to 1.20

As stated in Supplement 1 to the FES, the dose calculations were made
using the methodology and assumptions set forth in NUREG-0170, Final

Environmental Statement on the Transportation of Radicactive Material

by Air and Other Modes, December 1977. Details of the calculations and

underlying assumptions are contained in the attachment for each entry in

Table D.16 that exceeds one person-rem per year.
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TRANSPORTATION DOSE CALCULATIONS

The foliowing calculations describe dose values given in Table D.16 of
NUREG-0139, Supplement No. 1, for those values of one person-rem/year or
greater. The calculation model is that used in NUREG-0170, Vol. 1, Final

Environmental Statement on the Transportation of Radioactive Material by

Air and Other Modes.

Assumptions made regarding the dose to transportation workers:

2 crew members per truck or 2 guards per rail shipment

2 mrem/hr maximum dose rate

- crew exposed only during actual travel

- duration of exposure = distance/average speed

- shipment distance = 2500 miles except for plutonium dioxide
- shipment distance = 3000 miles for plutonium dioxide

- traffic conditions as follows:

Population density

High Medium Low
Fraction distance 0.05 0.05 0.90
traveled
Average truck speed 30 50 55
(miles/hr)
Average train speed 15 25 25

(miles/hr)
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Using these assumptions, the time required was calculated as follows:

-

Truck shipments 70.05  0.05  0.90"
+ + 2500 = 47.6 hr
(except plutonium dioxide) 30 50 55
Truck shipments 70.05 0.05 0.90 |
+ + i 3000 = 57.1 hr
(for plutonium dioxide) 30 50 55
Rail Shipments 0.05 0.05 0.90 |
+ + 2500 = 103.3 hr
__15 25 25

—_

The dose to crew members (person-rem/year)

- hr shipments
0.002 rem/hr x AT shipment x 2 persons x SPY year

The number of shipments per year (SPY) is given in Table D.14 and D.15.

For the shipments of interest, the doses to transport workers is obtained

from the above equation as follows:

AT Annual dose

Type of shipment SPY (hr) (person-rem)
Plutonium dioxide 14 57.1 3.2
Fresh fuel assemblies 14 27.6 2.7
Spent Fuel assemblies 14 103.3 5.8
Spent blanket assemblies 12 103.3 4, 9%
CRBRP solid radwaste 8 47.6 1.5
Reprocessing TRU waste/metal scrape 24 47.6 4.6

HLW 3 103.3 1.2

*Corrected values (see concluding paragraph of this response).
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The annual population dose to persons surrounding the transportation link

while the shipment is moving is given by

Dose = 3.47 x 10 K ' + + 'C + 1.636 f

(person-rem/yr)

x PPS x SPY x FMPS

where fr’fs’fu = fraction of distance traveled in rural, suburban, and

urban areas, respectively

PDr,PDS.PDu = population density in rural, suburan, and urban
areas, respectively (persons per square mile)

vr,vs,vu = average speed in rural, sururban, and urban areas, respec-
tively (miles/hr)

fo = fraction of urban travel on freeways or four-lane roads

f] = fraction of urban travel on city streets

PPS = average number of packages per shipment

SPY = number of shipments per year

FMPS = distance of shipment (miles)

K = dose rate factor
The above equation is taken from NUREG-0170, page D-6.

The only population dose to members of the general population greater than
1 person-rem/year is from truck shipments of TRU waste including metal scrap.
For these shipments, the same assumptions were made concerning traffic conditions

as were used for calculating doses to transportation workers (see above).
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Then fr = 0.90 fs + 0.05 fu = 0.05
V&= 55 V, = 50 V. =30
FMPS = 25.0 miles

From Table D.15, SPY = 24 shipments per year.

The following assumptions were made: (Note: These population den-

PD

. 15 persons/square mile sities were taken from Table 4-6,

page 4-16, of NUREG-0170)
PD,

2,000 persons/square mile

)
o
"

10,000 persons/square mile

f. =0.02

]
n

0.98

103

s
"

(This assumption, as made on page D-6 of NUREG-0170,
treats the shipnent as a single package point source.

Therefore PPS = 1 by definition.)

Substituting the above values in the equation, the dose in person-rem/yr

= 347 x100 %108 x  2:5x15 , 0.05%2000 , 0.05.% 10,000

(0.02 + 1.636 x 0.98) x 1 x 24 x 2500

= 0.61 person-rem/yr

From Equation D-10 on page D-7 of NUREG-0170, the dose to the population

during shipment stops, in person-rem/yr, is given by:
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o -9
Dose 2.54 x 1077 K (SPY) x %TrPDr *‘ATSPDS *NUPDU)

(person-rem/yr)

where ATr.LJs.AJu = total stop times in rural, suburban, and urban areas,
respectively (hr)
and K, SPY, PDr. PDS. and PDu are as used in the previous equation.

Assume shipments each take five days and four nights. Further assume that
food/fuel stops occur for 1 hr/day in suburban areas and rest stops occur
14 hr/day in rural areas. Assume no .*7ps in urban areas. Then

ATr=14x4=56hr

JSTS =]1x5=5hr

Z\.Tu=0

Then the population dose during shipment stops is
Dose = 2.54 x 107 x 10° x 24 x Ess x 15) + (5 x zooo-_)-l
'person-rem/yr)

= 0.66 person-rem/yr

The dose to persons in vehicles sharing the transport link with the shipment

is calculated as follows:

The dose to persons traveling in the opposite direction from the shipment.

Using Equation D-17 on page D-11 of NUREG-0170.

= Q(K)(SPY) (FMPS) (P) (F)
7

(Dose)opp
where Q = 1.89 x 107
P = number of persons per vehicle (average)

F = traffic factor



where fr‘ fs' fu are as previously defined, and

frh = fraction of distance traveled in rush-hour traffic

f
n

ffwy

fal
f

(o

vTr

st
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] [ ] ]
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Tr 1s/ (Vrg)
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* 1 CthNu'IQ{ + anu';ﬂ}

T

+ f fthNu Ics + anu'Ics

cs{ ————
(vTu/Z) (vTu)

fraction of travel on freeways or interstates

fraction of travel on four-lane roads

fraction of travel on city streets

fraction of distance traveled in normal traffic
average velocity on freeways (miles/hr)

average velocity on freeways in suburban population density

average velocity on city streets (miles/hr)

25,1

ft~

zones and on all four-lane roads (miles/hr)
2.9 x 107
|

4.8 x 10°2ft")

“1e,-1

ft~

1.5 x 10
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Nr'. Ns'. Nu'. = traffic count (average number of cars per hour
* traveling in one direction) in rural, suburban,

and urban areas, respectively

In solving the equation, the simplifying assumption was made that all
travel was in normal traffic. Thus, frh = fcs = 0 and fn = 1.0, It was
further assumed that

f = 0.98

fwy
f4; = 0.02

v = 55 miles/hr

Tr

Vv = 50 miles/hr

Ts

The one-way traffic count per hour (normal traffic) was assumed to be as
given in Table 4-6 of NUREG-0170, page 4-16, rounded up to the next whole

number. Thus,

Nr‘ = 500
Ns‘ = 800
Nu' = 3000

The average number persons per vehicle was assumed to be 2 in vehicies

going in the direction opposite to that of the shipment; therefore P = 2. Then

2
(Dose) = 1.89 x 1077 x 103 x 24 x 2500 x 2 x | 23X 300 “22'9 x 10
opP (55)
+0.05 x 800 x 2.9 x 10°°
(50)%
+0.05 (?.98 x 3000 x 2.9 x 1072, 0.02 x 3000 x 4.8 x 107
(56)° (50)°

= 0.14 person-rem/yr
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The dose to persons traveling in the same direction as the shipment.

Using Equation D-22 on page D-13 of NUREG-0170,

(Dose) e giy = 3-79 X 1077 (K)(FMPS){SPY) (P)(F)

where the traffic factor, F, is the same as that used in the calculation of

(Dose)opp except that:

I = 0.008

fwy
141 = 0.031]

Ig * 0.097

The same assumptions apply as in the preceding case. Then

. ] 3 0.9 x 500 x 0.008
(Dose)same dir = 3:79 x 107" x 10 x 24 x 2500 x 2 x [: (55)2
, 0.05 x 300 x 0.008 ., oo /0.98 x 3000 x 0.008
(50)2 (55)2

, 0.02 x 3000 x 0.031 -]
’ 12
(50)

= 0.079 person-rem/yr

Summing the four components to the population gives:
Persons surrounding link while 0.61 person-rem/year
shipment is moving (off-1ink)
Persons exposed during shipment stops 0.66 person-rem/yr
Persons on-link moving in opposite direction 0.14 person-rem/yr

Persons on-link moving in same direction 0.08 person-rem/yr

TOTAL 1.49 person-rem/yr
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The staff has continued its review of Draft Supplement to NUREG-013S.
Errors.in the dose calculation to transport workers were fouid for
transport of spent blanket assemblies and high-level waste from
reprocessing as noted above. These corrections result in an increase
in the total doses to transport workers and general population from
transport of radioactive material to approximately 30 person-rems per

year. This correction will be made in the final supplement.
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Interrogatory 21

On page J-1, paragraph 4, the statement is made that

The results of the Staff's analyses of the realistic

consequences of design-basis accidents were presented in the

FES Table 7.2. The reported values appear to the Staff to be
reasonable, This cunclusion is based upon comparison of realistic
dose consequences of the CRBRP design-basis accidents with the
corresponding doses for some recently evaluated LWRs such as the
Comanche Peak, Callaway, and Palo Verde plants, as shown in

Table J.1. (emphasis added.)

Whereas, in the Staff's Response to Interrogatory 45 of Intervenors'
Twenty-Fifth Set of Interrogatories, dated June 18, 1982, the
Staff stated:

... the Staff is currently not depending upon the numerical
values of calculated doses presented in Table 7.2 of the FES
for its conclusions regarding CRBR accidents:

a) Is the Staff relying on the calculated doses presented
in Table 7.2 of the FES for its conclusions rcgarding CRBR
accidents?

b) Is the response to Interrogatory 45 still current? If
not, please update it,

Response

a)

b)

No, not for the conclusions contained in FES Supplement., The
Staff's conclusions are based on the risk estimates presented
in the Draft FES Supplement rather than on the doses in

Table 7.2. As stated in Appendix J the risks from Class 9

accidents dominate those from DBAs.

Yes.



Interrogatory 22

How can the doses from CRBR design-basis accidents be validated by
compq:ing them against LWR accidents?

Response

The doses in FES Table 7.2 appear to the Staff to be reasonable and

are similar in magnitude to the doses for some LWRs as illiustrated

in Table J.1, in the Draft Supplement to the FES (DSFES). The DSFES
does not say that the CRBRP design basis accident doses can be validated
by comparing against LWR accidents. The Staff's independent analysis

of design basis accidents will be performed as a part of the safety

review of the CRBRP,



Interrogatory 23

a) MWith respect to each CRBR dose calculation in Table 7.2,
explain in detail the nature of the similarities between LWR
accidents and CRBR accidents that support using the doses from
a ng accident to validate the dose for the corresponding CRBPR
accident,

b) With respect to each CRBR dose calculation, identify each
difference between the corresponding CRBR and LWR accident
scenarios, i.e., each input assumption, Here we are seeking
gquantitative data, not qualitative responses.

c) Explain why each of the differences in "b." would not
significantly affect the conclusion that "the reported values
(for CRBR in Table 7.2) appear to the Staff to be reasonable."”
Here we are particularly interested in the comparison between
Class 8 accidents and the similarities and differences between
“large break LOCA and site suitability source term accidents."

d) Identify and provide all input data, computer codes (if
applicable), formulas, notebooks, calculations, details of
calculations, and other documentation used by the Staff to
calculate the doses appearing in Table J.1 (p. J=2) under the
column identified as CRBRP FES.

e) In your answer to "d." above, display (i) all the arthmetic
used in the calculations, (1i) each computer code, (iii) each
input to computer codes, (iv) each hand calculation, (v) each
algebraic equation, and (vi) the value of each parameter of

each equation,

The purpose of this interrogatory is to detemine if the results
in Table J.1 can be reproduced and to validate the results.

If the data requested under "d." and "e." above are made available

for inspection and copying, provide a detailed guide {a “"road map")
that identifies the various pieces of data so that one can readily
follow the calculations that are not relevant to the interrogatory.
For example, if "microfiches of all computer runs" are made available,
we would 1ike to know which microfiches and which computer runs go
with which calculations,

Response to Interrogatory 23 (a-c)

As explained in tha answer to other interrogatories, there is no
direct CRBR analogy to a light water reactor LOCA (due to design
criteria). However for the general category of Class 8 accidents
(as defined in the withdrawn proposed Annex to Appendix D, 10 CFR

Part 50, that remains as Appendix A to Envirommental Standard Review
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Plan (ESRP) 7.1, NUREG-0555, dated February 1979) a number of

fission product releases and attenuation assumptions are made

that differ from those made for considerations of design bases
accidents in Safety Evaluation Reports (SERs). The Staff has not
conductec a parameter-by-parameter evaluation of the changes in
expected offsite doses that would be estimated by using the assumptions
suggested in ESRP 7.1 and those used in SER reviews for either light
water reactors or CRBRP, However, the Staff has established guidelines
for such dose estimates in SRP 7.1 for 1ight water reactors. In
comparing the dose estimates for Class 8 accidents in Table 7.1

of the FES for the CRBR, the Staff has found no bases for concluding
that the environmental risk of accidents is not acceptably low.
Specifically, the design basis accident doses presented in Table 7.2

of the FES are equal to or less than the 10 CFR Part 20.105{a),

individual whole body dose limit of 0.5 rem per calendar year,
d) The information in Table J.1 on CRBR DBAs was taken from Table 7.2
of the FES. Therefore our response to Interrogatory 45 of the t

NRDC's Twenty-Fifth Set is applicabie to this interrogatory. “t

e) See above response to 23d.
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Interrogatory 24

The results of the Staff's FES accident analyses are said to be "realistic
consequences,” Presumably this implies that different assumptions were
used to calculate the doses than the assumptions used to perform the

SSST analysis in the SSR.

a) Identify quantitatively each specific difference in the
assumptions in the two cases.

b) Where possible, identify the sensitivity of the results
to the change in the input assumptions,

Response

The Starf's realistic analysis presen. * in the DSFES is based on the
realistic consequence analysis methodology of the Reactor Safety Study
(RSS). The conservative analysis of the Site Suitability Report (SSR)
is a deterministic analysis and is based on a postulated Site Suitability
Source Term (SSST). The assumptions for the probabilistic anaylsis

are presented in the DSFES and the SSST dose calculation assumptions

are discu~sed in the SSR. However, the probabilistic methodology
assumptions of the DSFES are not comparable to the assumptions

of the deteministic calculations of the SSR., Specifically there

are differences in source terms, probability considerations, source

term attenuation assumptions in the reactor complex, accident sequences,
meteorology assumptions and dose estimating procedures. No quantitative

comparison for each difference has been made,



Interrogatory 25

On page J-2, paragraph 2, the statement is made that:

«++ accidents of the types represented by those described in

FES Table 7.2 for Classes 2-8 have a finite and relatively larger
1ikelihood of occurrence during the operating lifetime of the
CRBRP than the occurrence of Class 9 accidents.

On page J-3, paragraph 2, the Staff states:

The Class 9 accident discussed in the FES involved a

sequence and release representative of possible core disruptive
accidents.... The frequencies of severe (Class 9) accidents

at the CRBRP involving potential core disruption and containment
failure...."

a) What is the basis for the Staff's view that the accidents
identified as "site suitability source temm" in Table 7.2 of
the FES are Class 8 5 (design basis) rather than Class 9?

b) Define "cors disruption" as used in Appendix J and
elsewhere in the DES.

c¢) Define “"core disruption accident (CDA)" as used in
Appendix J and elsewhere in the DES.

d) Define "Class 8 accident" as used in Appendix J and
elsewhere in the DES.

e) Define "Class 9 accident" as used in Appendix J and
elsewhere in the DES.

f) Define "design basis accident" as used in Appendix J
and elsewhere in the DES.

g) If any definition given in response to questions b)-f)
above is different from the definition of these terms as used
by the Staff in other Staff documentation, responses to
Intervenor interrogatories or in the licensing hearing, explain
in precise detail (i) any and all differences, (ii) the
significance of these differences.

Response

a)

The relation between the site suitability source term, DBAs,

and Class 9 accidents is described in the Staff's prefiled

testimony for the site suitability portion of hearings. In addition,
the accident progression numbering system is in Appendix A to the

Environmental Standard Review Plan, Section 7.1, NUREG-0555,

dated Feb. 1979,




b)

c)

e)

The term "core disruption" is considered to involve a change in

;uel assembly geometry from its design configuration of such a degree
that undercooling or reactivity increase might occur. The Staff views
the extent of core disruption in different ways for different purposes.
In reviewing the adequacy of design measures to prevent initial

fuel failure from propagating we require that such failures

not affect additional failures beyond a 1imited region, such

as a few fuel pins. However, in evaluating the risks from CDAs

we consider more wide spread disruption which would have radio-

logical consequences.

The term "core disruptive accident" applies to very unlikely
event(s) which lead to core disruption., This is not a

single accident, but rather a spectrum of accidents (CDAs)
involving, with decreasing likelihood an increasing degree of

degradation in core geometry.

From Appendix A to Environmental Standard Review Plan 7.1,
NUREG-0555, dated Feb. 1979, "Class 8 accidents are those considered

in safety analysis reports and AEC (sic NRC) Staff safety evaluations."”

From Appendix A to Environmental Standard Review Plan 7.1,
NUREG-0555, dated Feb. 1979, "The occurrences in Class 9
involve sequences of postulated successive failures more severe
than those postulated for establishing the design basis for

protective systems and engineered safety features.”



f)

g)
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The meaning of "DBA" is as discussed in the Staff prefiled site
suitability testimony.

The Staff intent is that the above terms have a constant meaning.

However, the discussion accompanying the use of these terms may

differ for different applications,



Interrogatory 26

On page J-3, paragraph 4, the statement is made that:

Tore disruption could be initiated by...

3) core-wide fuel failure as exemplified by propagation
of local fuel faults (FrP).

Does the Staff view core disruption as requiring “core-wide
fuel failure"?

Would partial core fuel failure constitute core disruption
in the Staff's view?

How many fuel pins or assemblies would have to fail to meet
the Staff's definition of (1) core disruption; (ii) core
disruptive accident?

If core disruption is initiated:

i) Would it be reasonable to assume that full core
involvement is a 1ikely outcome?

ii) Would it be prudent to assume that full core

involvement is a likely outcome for purposes of the
environmental and site suitability review of a reactor
of the general size and type as the CRBR?

iii) If your answer to i) or ii) above is no, explain the
reason for your answer,

Response

a)

b)

c)

Yes, but we would consider the term “core-wide" to include a range
of conditions and not necessarily only a condition in which the

whole core is disrupted,

Possibly, it would depend on the situation. We have no specific

percentage of the core in mind when we use the term core disruption.

No specific number of fuel failures is associated with the

Staff's definition of core disruption,
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d) (i) Not necessarily, the disruption might terminate depending
on conditions.,
$ii) The Staff has assumed full core involvement in its

Appendix J analysis.



Interrogatory 27

Identify and produce every document that was relied upon for Staff's
(and Staff consultants') judgement that "there is sufficient inherent

redundancy, diversity, and independence in the SGAHRS and DHRS systems
to achigxe a core degradation frequency due to LOHS events of less
than 107" per reactor" (p. J-3, paragraph 6).

Response

The Staff did not rely on any specific documents for its judgement of
the estimated bounding frequency of LOHS events., Instead the basis
of this judgement was the cumulative knowledge and experience of the

Staff and its consultants,

As described in Appendix J the frequency of LOHS is based in part on

the redundancy and diversity of the CRBR decay heat removal systems and
in part on the reliability of PWRs, which have similar redundancy and
diversity in their auxiliary feedwater system (AFWS) to the CRBR SGAHRS.
Evaluations of PWR AFWS reliabilities including that in WASH-1400 and
more recent studies suggest that failure frequencies in the range of

10°° to 1074

per demand may be achieved. The general trend of these
studies rather .nar a specific case is the basis for the conclusion that
the CRBR SGAHRS can achieve similar reliability. Because CRBR also has a
DHRS to back up the SGAHRS we believe the LOHS failure frequency will be
below 10~% per demand. The formal reliability program at CRBR adds

further assurance that this will be the case.

Interrogatory 28

Identify quantitatively the reliabilities “typical(ly) achievable
for PWR auxiliary reactor-year systems" (J-3, paragraph €).

Response

We believe that it is possible to achieve an unreliability in the

g 4

per demand for a PWR auxiliary feedwater system,

range of 107~ to 10~



Interrogatory 29

a) Ildentify quantitatively the reliability of each of the

steam generator auxiliary heat removal system component and

each component of the direct heat removal system of the CRBRP

and PWR, respectively.

b) Identify separately the combined reliability of all of these
systems taken to?ether for CRBR and separately for PWRs in order

to show the margir in termms of overall systems reliability that
has been applied to account for common cause and multiple failures.

Response

The Staff has not relied on specific reliability data for components
or specific reliability studies for either CRBR or PWRs, for its
Appendix J analysis. Reliability analyses of CRBR which have been
completed or which may be undertaken in the future will be considered
as part of the Staff's review of the CRBR reliability program most
probably at the OL stage of licensing, Reliebility data and analyses

for PWRs do exist but as stated above they were not relied on in any

detail for Appendix J.




Interrogatory 30

a) At the top of page J-4, identify each and every component
of an "effective reliability program."”

b) ldentify and prodice any and all documents deszri..ng
such a program,

c¢) Identify and produce each document that the Staff has relied
upon as a basis for its conclusion that high reliability in the

final design and operation of the CRBR can be achieved through
an effective reliability program,

Response

No specific documents have been generated by the Staff to describe

the elements of an acceptable reliability program. The applicants'
proposed reliability program (Appendix C of the PSAR) is currently

under review to determine what changes, if any, will be needed in the
program, Consequently we have not relied on the applicants' proposed
program or any documents describing it. However, the Staff believes

that an effective reliability program for CRBR can be developed. Some
important genera! elements of such a program are: (1) formal documentation
of reliability procedures including those related to operation, testing.
surveillance, and maintenance; (2) utilization of appropriate reliability
techniques such as fault trees, event trees, failure modes and effects
analyses, and probabilistic in risk assessment; (3) performance of tests
on components and systems to establish a quantitative data base; (4)

systematic elimination of common cause failure modes.
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Interrogatory 31

Quantify and give the uncertainty values for the LOHS probability
con’ ~“bution for CRBR from simultaneous loss of offsite and onsite
AC eiectric power and tne steam-driven auxiliary feedwater trains.

Response

The Staff has not p. formed a quantitative uncertainty analysis of
the LOHS frequency used in Appendix J for CRBR. The Appendix J
frequencies are estimates of upper bounds of frequencies of events
which could lead to CDAs. The estimates are based on the cumulative
experience and judgement of the Staff and its consultants rather than

on quantitative reliability analyses.



=57
Interrogatory 32

Identify and produce each and every document that the Staff relied

upon for its conclusion that a significant contributor to the LOHS
probability for the CRBR would be from simultaneous loss of offsite

and oniitg)AC electrical power and the steam-driven auxiliary feedwater
train (J-4).

Response
The response to this is the same as for #27 in that the possibility
of the subject sequence was considered in arriving at the LOHS

frequency estimate,
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Interrogatory 33

Identify and produce each and every document relied upon by the
Staff for its conclusion that "for these reasons LOCAs are not
consilered credible (i.e., design basis) events at CRBRP" (J-4).
Cite the appropriate pages.

Response

The cumulative knowledge of the Staff and its consultants rather

than a specific document were relied upon by the Staff for its conclus‘ons
in Appendix J regarding whether LOCAs are DBAs for CRBR. This issue

was also discussed in the SSR and the Staff's prefiled testimony for

the site suitability hearings.



Interrogatory 34

Identify and produce each and everv document the Staff relies upon
for its conclusion that "the frequencies assumed for LOHS adequately
bounds the LOCA contributions to core disruption frequency" (J-4).
Cite the appropriate pages.

Interrogatory 35

Identify and produce each and every document the Staff relied upon
for its conclusion that "the frequency assumed for LOHS core

degradation sequences adequately bounds the flow blockage contribution
to core disruptive frequency" (J-4). Cite the appropriate pages.

Response to Interrogatories 34-35

As indicated in the response to Interrogatory 33 the Staff has
explained why LOCAs and flow blockage at CRBR can be made very
unlikely, in its site suitability testimony. No specific documents
were relied on for these conclusions. Instead, the Staff's general
experience and knowledge formed the basis for the judgement. In
general the fact that passive design features are primary in
preventing LOCAs and flow blockage for an LMFBR, whereas active
systems are primary in preventing LOHS, led us to the conclusion
that the assumed LOHS frequency would be large enough to take into

account the LOCA and flow blockage frequencies.



Interrogatory 36

Identify and produce all documentation used as a basis for the Staff
conciusion that "although the Staff review of these systems is not
complete, it is the judgeiment of the Staff that there are sufficient
inherent reduncdancy, diversity, and independence in the ove§a1l shutdown
system designs to expect an unavailability of less than 1077 per

demand" (J-4)., Cite the appropriate pages.

Interrogatory 37

In the following sentence on page J-4, what did the Staff assume was
the unavailability rate for light water reactor shutdown systems?
What is the basis for this estimate?

Interrogatory 38

a) Identify and produce all documentation relied upon by the
Staff for the estimate of the unavailability rates for the light

water reactor shutdown systems, Cite the appropriate pages.

b) How does the Staff reconcile this estimate with the estimate
appearing in the proposed ATWS rule?

Response to Interrogatories 36-37-38

In NUREG-460, "Anticipated Transients Without Scram for Light Water
Reactors, " Vol. I, Section 4.3, an estimate of the frequency of ATWS

for typical LWRs was given as 2 x 10'4 per year, Estimates in this

same range were subsequently quoted by the Commission in its

statement regarding ATWS rulemaking. The currently proposed design

of the CRBR shutdown system includes two independent and diverse systems,
each of which is comparable to an LWR shutdown system. Any modifications to
this design or to the applicant's reliability program needed to assure

high reliability will be identified in the SER. Because the design

and the reliability program are not final they have not been definitive

in making the reliability estimate.
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Because of the potential for common mode failure it is not appropraite
to attribute ATWS frequencies to CRBR as low as might be obtained

by multiplication of the unreliabilities possible for the primary

and secondary shutdown systems, Instead, to be conservative, a range
of 105 to 1074 per year has been selected as a reasonable preliminary
estimate for CRBR. Although we believe the most likely CRBR ATWS
frequency to be on the low end of this spectrum we have used 10'4

per year as the bounding value for purpose of risk estimates in

Appendix J.



Interrogatory 39

At page J-4, the Staff states "the CRBRP fuel design will be required
to have an inherent cagability to prevent rapid propagation of fuel

failure from local fau

£s."

a) Identify fully each requirement that will be imposed by the
Staff on the CRBR fuel design to provide this inherent capability.

b) Describe fully the basis for the Staff's view that this
inherent capability will in fact prevent rapid propagation of
fuel failure from local faults,

¢) Identify and produce all documentation relied upon by the
Staff for its conclusion that the CRBR fuel design will have the
required inherent capability to prevent rapid propagation of
fuel failure from local faults.

d) Identify each and every system the Staff relies upon for
its statement that systems tc detect more slowly developing
faults will also be required.

Response

a)

b)

Although the general intent of the requirement is known the
final wording and specific details of the requirement or any
associated criteria or confirmatory programs will not be developed

until the SER is prepared.

The Staff and its consultants have extensive knowledge and
experience related to fuel design. Based on this knowledge and
experience we have concluded that fuel cladding can be fabricated
with sufficient strength and ruggedness that a local failure in one

pin will not cause a rapid failure in adjacent pins.

No specific documentation has been relied on for this cenclusion.
Instead the general knowledge and experience of the Staff and its

consultants is the basis for the conclusion,



d)
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The details of the systems to prevent propagation of slowly
developing faults are not final at this time, The criteria

for such systems will be reported in the SER. Based on the
Staff's general knowledge of the feasible design of such systems
we are confident that it is possible to install a sufficiently
reliable system for detection of fuel faults at CRBR. It is
anticipated that a relatively simple detection system design
meeting NRC standards for accident monitoring instrumentation

will suffice.



Interrogatory 40

a) Quantify the frequency of fuel failure propagation referred
to by the Staff in their statement at the top of page J-5:
“Therefore, the frequency of fuel failure propagation is
considered very low.," What is meant by the term “very low"
in this regard?

b) What is the uncertainty in this estimate?

Interrogatory 41

At the top of page J-5, the Staff states, "...the frequencies
attributed to LOHS, UTOP, and ULOF events adequately bound the
contributicn to core disruptive frequency from fu21 failure
propagation.”

a) What is the analytical basis for this conclusion?

b) Identify and produce all documents utilized by the Staff
that form the basis for this conclusion.

Response to Interrogatories 40(a) and (b), and 41

Because prevention of fuel failure propagation is primarily
achieved by passive design measures, i.e., mechanical strength and

ruggedness, supplemented by a relatively simple detection system

related to such propagation, we believe the frequency of CDAs related

to fuel failure propagation will be only a fraction of the bounding
CDA frequency which includes failure of active systems. The Staff's
general judgement and experience rather than specific documents is

the basis for this conclusion,
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Interrogatory 42

In the summary in the first full paragraph on J-5, the Staff has

summed the frequencies_gf core disruption and estimates a comgined

or net frequency of 107" per reactor year or less. Since 107 per
reactor year or less was the estimated frequency of each of the classes
of initiators identified above, explain how the Staff arrived at the
conclusion that the sum of these is no larger than each of the
individual contributions.

Response
The presented initiator class frequencies represent, in each case, a

4 per reactor

judgement that each frequency is no greater than 1 x 107
year and is expected to be appreciably smaller. Further, the scoping
nature of this analysis is consistant with order o7 magnitude estimates
of individual contributors to core disruption, In each case, frequencies
are rounded off to the next largest order of magnitude to obtain

bounding estimates. Thus it is from the viewpoint that each class
frequency is expected to be appreciably smaller than 1 x 10'4 per
reactor year that the judgement is made that the sum of these

frequencies is no greater than 1 x 10'4 per year,



Interrogatory 43

On page J-6, the Staff has assigned conditional probabilities to the
primary system failure for Categories I, 11, and III, and separately
for Category IV.

a) Explain fully the basis for the Staff's quantification
of these failure rates.

b) Identify the uncertainty in each estimate.

¢) ldentify and produce all documents relied upon by the Staff
for its assessment of these failure rates. Cite the appropriate
pages.

We are not seeking a response that speaks in generalities. We wish
to know the specific documentation that the Staff is relying upon for
the basis of these estimates.

d) Did the Staff, for example, consider CRBRP-1 as 7ne of the
documents that it relied upon for these estimates?

e) Did the Staff exzmine and rely in any way on any

probabilistic risk assessment, such as risk assessments
performed for SNR-300, in reaching its conclusions with
regard to these conditional probabilities?

kesponse
The Staff's estimate that the conditional probability of primary

system failure Category IV is 0.1 was based on two points. First,

for simplicity a single genera! CDA initiation frequency of approximately
10'4/year which included the combined frequencies of various specific
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