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June 13, 1979

Mr. Edward J. Hanrahan

Director, Nuclear Alterrative
Systems Assessment

U.S. Department of Eneryy

Washington, D.C. 20545

Dear Mr. HKanrahan:

Staff members within the NRC licensing and research offices nave completed
The resuilts

their review of the NASAP reports that you submitted to us.

of their review are summarized in the attachments -- first in terms of

General Comments, then in terms of selected Specific Comments and finally

in terms of detailed comments on a docuv ent-by-document basis.

[f, after going over our comments, you . your staff need to discuss any
oints further with the NRC individuals w.> prepared the review, please

et e know.

Sincerely,

26%«4&5717;:542£u~

man M, Haller, Director

Office of Management and
Program Analysis

Enclosure as stated
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NRC Staff Member Corments on
DOE_NASAP Concepts

Enclosed are comments and questions on the NRC Staff's review of the seven
NASAP Prelininary Safety and Environmental Information Documents (PSEID's),
as well as  number of backup documents, submitted to NRC by DOE. (See
Exhibit 1) Meetings have been held between the NRC Staff and DOE contractors
on the HWR (11/6/78); the LWR-variants (11/7/78); and the GCFR (2/26/79);

the HTGR (2/27/79): and the LWBR (3/20/79). (We decided to delay a meeting
on the LMFBR until we receivad the carbide fuels amendment.) Our comments
and questions are then _a¢ | on our review of the PSEID's and some of their
references, the information provided to the staff at the UCE contractor
meetings, and the staff's expertise and previous experience accumulated over
the past severa'! years in reviewing Fort St. Vrain (FSV), the lar-< HTGR plans
(including GASSAR), the GCFR cunceptual design, CRBRP and FFTF, .hippingport
and the CE System 80 LWR design.

Specific NRC comments on the seven PSEID volumes identified in Fxhibit 1 are
provided in Attachment 1. Alsn in Attachment 1, integrated w:. “3e comments

en the PSEID's, are NRC commen.s on supporting documentation identified as
Reports 3, 4, 5, and 6 in Exhibit 1, Attachment 1 was produced by NRC's

Office of Nuclear Reactor Regulation (NRR) with inputs from the Office of
Nuclear Reactor Research (RES) and the OfTice of Nuclear Material Safety and
Safequards (NMSS). NRC comments on the safeguards aspects of the reactor and
fuel cycle concuonts discussed in ““e PSEID's are provided in Attachment 2.

These comments were develcped by Nv'oS's Division of Safeguards. Attachment 3
contains comments on the document, Nuclear Energy Sys*em Characterization Data
(Report 2 in Exhibit 1), precpaved by NFES. xffacﬁﬁfn. T contains comments on
the DOE document, Safeauaras Systems for NASAP Alternative Fuel Cycles (Report 7
in Exnibit 1), which was preparec Dy the Division of Sa?eguaras. Finally, in
Attachment 5, the Division of Fuel Cycle and Material Safety of Ngai has pro-
vided comments on ORNL-5388, Interim Assessment on the Oenatured I} Fuel
Cycle: Feasibility and NonproTITeration GRaracieristics (neport 8 in txnigit 1),

Qur comments on OCE NASAP documents have been deliyed as a result of NRC's
increased Three Mile [sland responsibilities, and future NRC resources and
scheiules for NASAP are likely to be adversely affected in the aftermath of
the TMI accident.
" { ". .
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General Comments

[t should be pointed out that the information provided in the PSEID suomittals
is at Dest uneven; there are large differences in the details of reacter
descriptions in comparing one conceptual design to another. For example,

1/ This review was conducted by individual staff members in NRC's licensing
and re.earch offices. The review does no% carry the weight of full office
coordination or full NRC staff co~zurrence, and it has not _2en provided
20 the NRC Commissiuners. L3 25 0m
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there are considerable detailed descriptions in the supporting documents of
the Nuclear Steam Supply System (NSSS) and Balance of Plant (BOP) for the HWR
and LWR variants but virtually nothing but a core description for the variety
of LMFBR conceptual designs. This disparity will make any comparative eval-
uations extremely difficult, to say the least.

Also, the lack of information and discussions in key areas such as GDC'S%/
the adequacy of containment systems, ECCS, and decay heat removal systems,
for some of the NASAP concepts makes it impossible to arrive at judgments

and make comparative evaluations. We, of course, realize the difficulty that
DOE faces in submitting consistent packages when the development status of
these reactor concepts varies dramatically. The lack of information should
be noted as a problem, however. Some of our questions are attempting to

deal with this 'uneven" type of situation.

[t should be roted that, as part of LMFBR (Volume VI) comments, we have
included a section entitled "The Basis for Containment Design in LMFBR's"
that has been put together by the licensing staff in order to describe staff
positions regarding the three classes of accidents that have in the past
been considered in the containment evaluations of CRBRP, FFTF, and FNP.

Finally, we would like to point out that because of the large number of vari-
ations of the six reactor concepts (both fuel cycle and design variations) we
are becoming somewhat overwheimed. It would be helpful, for example, if DOE
could provide some guidance as to which variations are favored (from DOE's
overall point of view) over others. For exampie: (1) GCFR upflow vs downflow;
(2) HTER direct cycle (gas turbine) vs steam cycle; (3) LWBR as a breeder or
high efficiency converter; (4) LWBR prebreeder backfii. into existing LWR or

the first phase of a separate LWBR design; or (5) one of the present LMFBR
variations relative to the other 15 or more variations.

Specific Comments

Detailed specific comments are proyided in the attachments, as indicated above.
Some of the major comments are highlignted below; however, the complete list of

o

2/ Conformance to the spirit of the General Design Criteria (GDC) is key
in considering the licensing of any new * ‘cipt. Information was
lacking in the following areas: (a) ¢ ations of with which of the GDC

for Nuclear Power Plants provided ‘* (. R %o, Appendix A, you

intend to comply; (b) discussion ¢cr Yuel type and reactor
design meets the spirit and int eie- . " and (¢) justification
for those GDC that you feel eitii. ar only apply partially,

including substitution of criteria wi. "h y .onsider are more appro-

priate for each specific reactor type. : p
i ;] 7 ]
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detailed comments should be examined to provide the full context for these
comments.

.

In overview, for the spiked racycle LWR concept (PSEID Volume 1), the
benefits obtained by this concept should be balanced with the economic,
environmental, social, etc., costs that are incurred and this should

be compared with similar C/B analyses for other alternative fuel

cycle concepts.

With respect to HWRs, the assurance of long-term reliability of the
primary pressure boundary depends on a number of aspects about which
the staff has significant concerns. Among them a“e: the leak-before-
break arguments based on linear elastic fracture mechanics; the
requirements for extremely reliable in-service inspecticn and leak
detection; and the evaluation of the probability of failure propa-
gation due to pipe whip and missiles.

For the high-temperature gas-cooled reactor, what additional features
of the plant protection system or engineered safety features may be
needed to cope with failure modes of the gray control rods, the
turbine-compressor unit, primary system valve, the recuperator, hot
duct, and the precooler? Responses to this question will require
identification of or reference to failure mode studies, postulation
of a spectrum of accidents, predicted responses of the existing plant
protection system and engineered safety features, and information on
potential system interactions. NRC anticipates that it may not be
possible for DOE to supply definitive responses to this question in
the near future. Nevertheless, we expect that you should be able to
supply preliminary and conceptual responses together with a discussion
of the status of related accident studies and any estimate of when
this question can be finally answered.

while the PSEID concerning fuel cycle facilities (Volume VII) identifies
systems and principal issues related to nonproliferation alternatives, it
does not assess the proposed systems or facilities in suffilient Qegth to
permit definition of appropriate licensing criteria or the potentia
difficulty of meeting such criteria.

The fu2l cycle facilities PSEID does not make a quantitative compariscn
of safety or environmental trade offs in areas such as occupaticnal
exposure, regicnal exposure, accident risk or environmental impacts. NRC
helieves that such comparisons will nave to be developed as part of the
NASAP final evaluations, even though they are not given in this craft
document.

With regard to reprocessing, Sections 5.10, 5.11, and 5.12 of Volume VII
oresent fuel cycle variations that were not considered in Volumes I-VI
covering reactor concepts. Accordingly, NRC believes that these variations
should be either related to a specific reactor concept or deleted.



* NRC believes that the volume, chemical and physical form, and isotopic
activities in low level wastes from each operation (excluding mining)
of all fuel cycles should be estimated in Volume VII to permit an
evaluation of the overall impacts of low level waste disposal. (Data on
low level waste from reactors using the particular fuel cycle should also
be given in Volume VII.)

* The PSEIDs do not adequately address safeguards concepts, systems design,
operations, or issues.

* A major portion of the document, Nuclear Energy System Characterization
Data, is devoted to presentation of numerical gata. NKC comments are _
directed generally to the rather limited amount of analysis presented in

the document and the lack of consideration of the objectives of improving
proliferation resistance and making use of available resources.

* Since the objective of the NASAP work is to identify ways of improving
proliferation resistance, it would appear that some of the cases should
have been designed to minimize stockpiles of fissile materials and thus
be responsive to this proliferation resistance concern. There has been
apparently no effort in this regard and this appears tc be a key weakness
of the Nuclear Energy System Characterization Data document.

* With regard to the concept of adding radicactivity to new reactor fuel as
specified in the document, Safeguards Systems for NASAP Alterative Fuel
Cycles, DOE does not acknowledge or address the increased cirficulties
in the routine handling of such material or the increased potential for
a public health hazard in the event of a transporation accident with the
increased radicactivity., A cost-benefit analysis should be performed
that accounts for these costs.

Regarding safeguards, the final version of NRC's proposed physical
protection upgrade rule for Category [ material is awaiting final
Commission review and consideration. This proposed rule is moving
closer to bging published in effective form and, together with exist-
ing regulations, should provide a sound basis for identification of
possible licensing issues associated with NASA? alternative fuel
Syc]es. This regulatory base could be applied to evaluate the rela-
.1ve'effect1veness of a spectrum of safeguards aporoaches (added
physical protection, improved material control and accounting, etc.)
to enhance safeguards for fusl material types ranging from unadul-
tarated to those to which radiocactivity has been added.

Detailed specific comments are provided in the following attachments.




EXHIBIT 1

NASAP REPORTS
REVIEWED 8Y NRC

Preliminary Safety and Environmental Information Documents

Volume [ (Revision 1) - Light-Water Reactors

Volume II (Reyision Heavy-Water Reactor

Volume III gRevision [ight-water Sreeder Reactors

Volume IV (Revision High-Temperaturs Gas-Looled Reactors
Volume V (Revision Bas-Looled Fast Reactor

Volume VI (Revision [Tquid-Metal Fast Sreeder Reactors
Volume VII (Revision Fuel Cycle Facilities

— ol - — o
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Nuclear Energy System Characterization Data

Summary Report - Preconceptual Study of 1000-Mde Carbide-Fueled
LMFBR Designs

Homogeneous Carbide Fueled Cores for the Proliferation Resistant
EHFE& Core Design Study

Preconceptual Design Study of Proiiferation-Resistant Homogenous
Oxide EHEBR Lores

Preconceptual Study of Proliferation Resistant Heterogeneous
Oxide Fueled LMFBR Gore rinal Report, volumes | and 2

Safeguards Systems for NASAP Alternative Fuel Cycies

ORNL~5388 - Interim Assessment of the Denatured 233U Fuel Cycle:

Feasibility and Nonproliferation Characteristics




ATTACHMENT 1

SPECIFIC NRC STAFF COMMENTS

NASAP PRELIMINARY SAFETY
AND ENVIRONMENTAL INFORMATION DOCUMENTS

&) ’ >4
)/ 73




A.
]‘

NASAP PSEIC - VOLUME i
COMMENTS AND ADDITIOMAL INFORMATION NEEDS
NRC REVIEW OF NASAP LWR-VARIANTS

EXTENDED BURNUP

When there is a request for a license to permit extended burnup to

50,00C MWD/MT, the applicant will, of course, haie to satisfy the criteria
established in the Standard Review Plan, in particular, for Fuel System
Design. A considerable portion of the Standard Review Plan i§ concerned
with the analyses and assessment of transients and accidents. In the LWR
PSEID (Vol. 1) and supporting documentation we see little evidence ¢f a
comprehensive- and systematic program to address these areas. As we
understand it, the bulk of the experimental effort in the area of extended
burnup is in the area of "normal operation” irradiation of lead assembles
to 50,000 MWD/MT, while little, if any, is in the area of transient behaQior.
To what extent does the OQE R&D plan for 2xtended burnup include transient
testing of high burnup fuel pins? Include in your discussion the type of

testing planned, the schedule, and the facilities to be used (e.g., PEF).

The PSEID, Vol. I, presented little specific information on the various
desigr changes necessary to accommodate the increased fission gas inventery
for the high burnup option (to 50,000 MWD/MT). At the meeting with CE on
11/7/78, various pessibilities were presented including change in fuel rod
length, and/or change in fuel cclumn length for solid, hollow, and duplex
pellets. Has DOE been able to narrow down these possibilities and arrived

at a best coption for accommodating the fission gas pressure problem?

In addition to the NASAP program at CE, there are other reactor manufacturers
who have extended burnup studies in place (e.g., BaW, W, EXXCON and GE). How

do these cther programs complement, i¥ at all, the CE program direscied to
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better fuel utilization? Are there unique features of any of these
programs that should be taken into account in an cverall licensing/safety

evaluation of extended burn up cores?

4. Provide a complete 1ist of the non-saturating fission products produced
for a 50,000 MWD/MT burnup and their activities and compare to a typical

30,000 MWD/MT cycle. Also provide a decay heat curve for extended burnup.

5. Provide any analyses or assei ments of power peaking due to the increased

U-235 enrichment necessary for "~ LWR extended burnup option.

6. The present enrichment limit for fuel handling and storage at PWR plants

is . What approach does DOE intend to take in these areas in light ' ﬁiﬁf“

of the increased enrichment (4.3%) for extended burnup corees

~4
.

Provide any analyses or assessments of the change in shutdown margin in

going from 30,000 to 50,000 MWD/MT.

8. (Page 2-50) Consideration could be given to listing the 17 unresclved
safety issues -- as an aid in identifying safety issues for the various

concepts.

8. (Page 2-51) This section could be updated to include the seismic

structural and mechanical research categories in RSR.

B. SPIKED RECYCLE —

The flow sheet for the fuel cycle of a PWR using 3-5% LEU with Pu recycle - S

and Cobalt-50 spiking shows two Purex reprocessing operations. In this arrange-

ment fresh uranium fuel is reprocessed in Purex 1 and mixed oxide fuel is
reprocessed in Purex 2. This plan is difficult to unders“and and leads to the

following questions:

\
(S
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1. From a proliferaton standpoint, why is it acceptable to recover about

40% of the plutonium as pure plutonium, while the remainder is recovered

as coprocessed 2% in uranium?

2. What is the purpose or intent of the two Purex operaticns? Are they

designed to optimize recycle of uranium? Do the two Purex operations |
represent the same solvent extracticn line, with fuel being compaigned,

or are the operations carried out in physically distinct equipment?

-

Some discussion of the purpose of thase two Purex lines is required,

together with an indication of the inc-emental reprocessing costs \

relative to a single Pvrex operation.

Does *he flow sheet for both PWR's and BWR's? If not, what is

the plan for BWR units?

3. The use of cobalt-60 represents the addition of a spikant tc the

presently conceived recycle tiow sheets. In developing a generic

environmantal assessment of a fuel cycle, major impacts of producing

and disp-sing of all the fuel cycle material should be included. In the case
of the Co-60 feed material, the assessment should include all of the operaticns
involved to produce the radicactive cobalt, including the recctors and

cobalt processing facilities.

17 A
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A cobalt-60 balance across each of the fuel cycle operations should be
given (i.e., input, amount to waste, amount release). In addition, the

behavior of the soluble cobalt in the recycle fuel fabrication operations

(preparation of oxide, sintering) should be given.

Further, the use of Co-60 should be analyzed in light of its effects on

perations such as fuel transportation, fuel fabrication, reactor operations,

reprocessing, etc.

In addition, the level of octupational exposure a1 the overall handling and

use of recycle fuel cycle should be assessed and the potential effects on

population exposures should be considered.

In overview, the benefits obtained by “his concept should balance with
the economic, environmental, social, etc. costs that are incurred and it

should be compared with sii.ilar C/8 analyses for other alternative fuel cycles.

CENATURED URANIUM RECYCLE

Chapter 5 outiines the concept of a PWR using uranium fuel enriched with = =
12% U-233 and mixed with thorium oxide. The flow sheet for this denatured i}f:
U-233/thorium cycle (PWR OU(3)-Th recycle DU(3)) dces not appear to be a .
self-standing or independent cne. The flow sheet and Rea “tor Charge Data

show that U-233 are required for sustained operaticns. The scurce of the

U-233 supply is not mentioned or de cribed.
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The fuel cycle shown requires at least two "Secure" centers - cne for 50%
U-233 which is denatured to 12% U-233 during fuel fabrication, and another

for storage of spiked plutonium which is recovered from this fuel cycle.

Substantial additional information on the flow sheet is required for its

assessment, such as:

a. What is the source of U-233 supply? ( must be supplied on t.
reactor cycle that uroduces U-233 so that environmental, safety and

safeguards impacts of that production can be given.

b. What are the definitions of "secure" storage center for U-233 and a
"secure” storage center for plutonium? What are the fuel fabrication
and reprocessing facilities not considered to require "secure”
status?

c. Additionally, data on the cobalt-60 spike must be given. What is the
plan for sale of Pu? Who is the customer and what fuel cycle is it to
be employed in? How is *the problem of the relatively short half life

of Co-60 (7 years) handled? What is the form of plutonium in storage?
d. Is the flow sheet valid for BWR's as well as PWR's?

e. QOetailed information on gasecus effluents from Thorex fuel reprocessing

must be provided.

f. What are the fuel cycle economics? How many reactors are regquired to
Justify reprocessing for this cycle? How many reactors must be used to

produce the U-233 and Cc-60 used in this cycle?

It appears that the first licensing issues to be addressed may be those

cencerned with the known physical and chemical preoperty differences between
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thorium and uranium, and the physics behavior of U-233 as oppeosed to that
of U-235. Any modifications in behavior or component design introduced as
a result of these initial considerations must then be examined for aay
effects they might have on the previusly licensed reactor and plant
features. The initial evaluation wou'd be assisted by an expanded

discussion of the following questions.

a. Fuel Qualification. A comprehensive picture of fuel behavior,
growth, densification, fission product migratien, transient fuel
damage limits, and other_ safety-related fue! performance information
(Section 5.5, final paragraph) is required for qualification in a

large, high performance reactor. To what extend can this information

be ocbtained in Shippingport or other scheduled tests? Are other
fuel develupment picgrams visualized? Will there be transient
experiments or simulated accident conditions to examine the range of

capabilities of this fuel?

B et B

b. How extensive in nature 1is the physics verification program projected to be

as a requirement for licensing?

¢. According to information presented at the November 7 meeting at
Windsor, CT., the composition of the core supplying the U-233 may = =&

undergo considerable variation over its lifetime. If this is correct,

it would present a problem in the licensing of a fairly wide range of

core compositions. What ranges of core compositions (chemical and

isotopic) are anticipated for the various prebreeding options and what

arrangements would be undmartaken for core qualification over these

ranges?

-~
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D. General Comment for all LWR-variants
Noting pages 3-26, 4-21 and 5-18, some cost and tite-magnitude data needs
to be identified for each on 2 consistent basis to provide the comparabi]ity

required.




NASAP PSEID - VOLUME 2
COMENTS AND ADDITIONAL INFORMATION NEEDS
NRC REVIER OF NASAP HWR
We have reviewed the HWR PSEIN and have formulated the following questions.

we also wish to call to your attention the attached letter from Brookhaven

National Laboratory which was prepared following a preliminary review of the
WR PSEID and which provides amplification of the concerns expressed in the

first nine itcas.

1. Natural Convection. Although the CE design may not be sufficiently detailed
to assess its potential for n cural circulation decay heat removal, are
there specific design steps that could be taken to augment natural

circulation? In view of the possibility of steam bubbles in the horizontal

pressure tubes, are there re sons (experiments) to believe that natur:l

circulatjon would not be in.erently ineffective in this type of reactor?

2. Primary heat transport system. We share the concern expressed by BNL that
che two primary loops are connected at a common pressurizer, though they
are otherwise independent. Because of the reliance placed on isolation of
these loops to maintain a loss-of-coolant reactivity less than cne dollar,
discussion along the lines suggested by BNL would be useful. How reliable

are the pressurizer isclation valves against improper activitation?

\‘.

Moderator cocling. BANL's reference to the PWR plena as heat sinks is well

L

taken although the calandria vessel is certainly much larger and cooler. We
2lso note in Nuclear Enginesring Interaticnal, January 13739, the article by
J. T. Rogers describing calculated heat transfar to the moderator Oy use of
the coles IMPECC and CCNCYL. Are you aware of any experimental verifications
of trzse codes, or do you think such verification would bSe feasible? Would

it be 2 suitable subject for future research?
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A Loss-of-Heat Sink Scenario. What analysis or experiments cover a two-
phase flow situation in the horizontal tube geometry? What would be the

effect of bubbles on natural convection circulation?

Common Mode Heat Removal Failure at Headers. Are there break locations such
as that suggested by BNL where the .S would fail to cool a substantial part
of the core? How successfully does flow reversal work if the ECCS must be e

switched to the outlet header?

Qutstanding Questions to the kpp]icant. We agree that discussions of the

questions raised by BNL would provide useful input to the licensapility

evaluation. I

Temperature and Void Coefficients. BNL's calculation of temperature
coefficients is admittedly very preliminary. Nevertheless, the indicated

trends sh~ d be pursued further.

The temperature coefficients apparently become more positive or less

negat- as burnup proceeds. The moderator temperature coefficient appears =
to be jhtiy pesitive at equilibrium burnup. We are tcld that the trend ,:*
of these coefficients with burnup corroborates Canadian calculations. What
is the effect of these pcsitive ccefficients on kinetic behavior at power?

Are there any instabilities? L

Although we do not necessarily endorss the view of BNL that "there appears
to be entirely too much reactivity associated with veoiding cne loop ..."
we are interested to know if alternatives to the two-lccp design have een

considered from the physics point ot view. The designers have rejected the
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feasibility of dividing the core into more than two independent loops on
the basis of capital cost. What are the maximum period 1imitaticns to

offset the capital costs and how much cost is involved?

Xenon Oscillations. It appears that this problem is being addressed in the
CE design. Are allowances being made for abnormal behavicr and for the

increased complexity of the larger system?

Neutron Behavior Associated with LOCA. Has neutron streaming in voided or
partially voided horizontal tibes been estimated? If the upper 1/3 to 1/2
of a tube is voided, does this provide a direct path for well thermalized
neutrons to reach the center fuel rods which normally do not see as much

thermal flux? What effects would this have on reactivity coefficients?

In addition, the NRC staff has focused on a review of the materials and
inspecticn requirements for the primary system boundary. Questions on this
topic plus several general questions about the PSEID comprise the following

group.

Pages 2-9, 2-10 Sectiom 2.2.2
Pages 2-46, 2-47 Section 2.4.2.1 | )2 33

References 15 and 18 are 7 years old. Is more data available recurdin
Y

irradiated properties of Zirconium 2 1/2 Nicbium? (Fracture toughness)

Since the pressures tube is part of the reactor coclant boundary it would be
desirable o present both the material anc tune joint as an approved ASME
Coce Case for a licensed reactor. Assuming that the only data available is

that already in the public domain, what is your estimate of the time and

resgurces required to get a code case ruling on the material and the tube joint?



3.

Oiscuss why you believe linear elastic fracture mechanics is an appropriate
tecol for assessment of the Teak-before-break possibility, which may be
dominated by an agressive environmen* c.ch as stress ccrrosion or raciation

damage.

Postulating that the leak-before-break hypothesis can be satisfactorily
cemonstrated, and that sufficient time exists for leak detection and reactor
shutdown before a self-propugating crack devalops, discuss whether the Teak
detection system should be considered a safety grade system, Seismic I,

-

Single failure, etc.

Can reasonable assurances be given, a priori, that the risk associated with
rupture of the primary coolant boundary of the HWR is comparable to the risk
of pressure vessel failure for an LWR? What in-service inspection prncedures,
paraliel materials research studies, and engineered safety features are
ircluded in the program to assure that the risk of pressure tube failure

plus failure propagation in the HWR is as low as that of pressure vessel

failure in the LWR?

We believe that it would be helpful in making a judgment of licensability

if the following sucjects were addressed:

2.4,2.2 Expand to give scope of in-service inspection program and
materials research. We are not persuaded that questions of failure
propagation due to pipe whip and missiles have been satisfactorily resolved,

especially at the embrittied material conditions at end of 1life,

e
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2.2.2 Can the entire pressure tube be inspected for cracks without

un]oiding the fuel or just the region near the rolled joint? If the

moisture detection of leaks-before-breaks is determined to be not sufficiently
reliable, what frequency of direct UT or acoustic inspection for

cracks would be necessary as a supplement? Is it feasible to perform such

inspections with this frequency?

Have experiments or analysis been performed with respect to jet impingement
Or tube whip against the callandria tube and if so what conclusions were

reached?

If collectively the pressure tubes are to have an equivalent reliability as
a BWR or PWR Vessel then even greater reliability of the individual pressure
tubes is required in the Heavy Water Reactor. What is this estimated greater

reliability and is it demonstrable?

Oiscuss how comparability with Appendix K would be demonstrated with equivalent
margins of safety. What R&D may be needed to show comparable safety with

respect to blowdown, metal water reaction, reflood and PAHR?

2.2.2 P. 2-9 An amplified discussion of the means of protection against

failure of the automatic control systems is required.

2.2.3 P. 2-11. The statement is made that "A serious fault in the process
system is defined as one that would, in the absence of safety systems,

result in a substantial release of radiocactive material to the environment."
Later on the same page, under item 2, the statement is made that "a sericus
fa. -e is cie that in the absence of protective acticn would lead to sericus

fuel failure."

o pomy g '
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12.

Are t“ese statements in conflict? In connectiosn with items 5 and 6§ on the
same page, pleaze note the US licensing will require curformance to applicable
sections of US Code and Regulatory Guides in regard to acceptable levels of

effluents from normal cperation and accidents.

P. 2-16. The NRC would be inclined to continue the use of the source term
defined in Reg. Guide 1.3 unless inherent differences between LWRs and HWRs
provide a sqbstantia] basis for e;pecting considerably different accident

behavior in ww. “WR. In this _connection we would consider the wurnup, gap
pressure, clad design, ECC temperatures and any other notable differences

between the reactor systems. If these can be shown to effect considerable
reduction in the source term with a high degree of assurance, consideration

would be given to appropriate modifications of the source.

The Canadian practice, as described here, appears to be similar to the more
realistic calculations of the source term, as done in WASH-1400, rather than
the conservative calculations that the US licensing procedure uses. It would
be inconsistent with our review of LWRs to calculate the HWR source term

in this way wit out first showing major differences in the scenarios.

Please submit any such discussion of major scenaric differences that you

believe to be re .vant.

2.2.4 Is it justifiable to assume that the safety analyses, if carried out,

would Tead to results comparable to light water reactors? In what areas do

scy foresee major differasnces?
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13. 2.3.6.1 Operation with the CANDU fuel design except for higher enrichment

14.

woelf
wn

18.

with higher burnup is suggested to lead to higher rates of fuel failure than

the Canadians have experienced in the past. What test data are available
on failure rates at high burnup? What steps will be taken in design,
fabrication and cperation to keep this failure rate acceptable? What level i
of contamination of the primary coolant system is expected from various

failure rates and how is this controlled?

As you know, the currently used General Design Criteria rule out designs e

that include fuel failure as a normal occurrence. Reconsideration of this

position would be expedite” by any information you might develop regarding =
the effect of routine fuel failures on subsequent accident conseguences,

such as might occur by way of containmination of primary coolant. Even if this

criterion were reconsidered, it would seem reasonable to require that a

predicted failure rate be low enough so that one damaged fuel element could

be expected to be removed before the problem was compounded by additional

failures.

2.3.6.4 Why is the volume of housekeeping-type Tow level waste ¢ nected to ' .t

be so much smaller for the HWR than for the LWR?

.

. 2.4.1 We are not prepared at this stage to agree or disagree with the

statement “... in recognition of the fact that the CANDU reactor is considered

to be at lTeast as safe as the LWR ...."

2.4.3 Should not the monitoring and control ¢f hydrogen be regarded as a
subject to be included with Safety System Research? [f not, please expand

Section 1.2.8.8 to provide details of description and capacity of equipment

and sensors.

£97
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17. 1.1 P. 1-4 Is there diversity in the in-core sensors for the "two diverse

reactor shutdown systems?"

18. The potential for a small LOCA due t, on-line refueling malfunction,

particularly resulting from a seismic event, should be addressed.
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B L R T o S T

Dear Jim:

As per your request on April 4, 1979, the BNL staff has prepared a
statement of its comments and concerns in relation to potential licens-
ability issues for the NASAP Heavy Water R=actor (HWR). These comments
are based mostly on the information contained in Chaptaers 4 and 5 of the
preliminary design cdocument that you transmitted to me, Volume II of the
NASAP PSEID, and selected documents on the CANDU reactor. Ve have also
utilized information obtained during our meeting «t Combustion Engineer-
ing in November 1978 and during our follow-on telephone couversation with
"r. Fred Jesick of Combustion Engineering in March 1979.

As requested by you, our comments focus mainly on plant systems
dynamics (in particular, decay heat removal capability) and reactor
shysics (in particular, reactivity coefficients and transient stability).
However, some additicnal comments in related areas are provided as well.

{.

1) Natural Circulation

In the event that all forced shutdown cooling capability is leost
in the HWR, it is claimed (p. S9 and p. 266 of the preliminary design .
repert) that heat removal from the primary system via natural circula-
tion will suffice. Although the steam generators are peositicned above
the ccre, the fact that the pressure tubes are horizental raises scme
cbvious questions. Thermal buoyancy effects originating within the tubes
will be in a directicn orthogecnal to the desired direction of the flow.
Any steam generated within the tubes during a transient will tend to flow -
upward toward the top of the tubes and may stagnate there due to the lack R
of sufficient flow to overcome two-phase fricticnal resistance. On the
other hand, in a pressurized light water reactor with a vertical core
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arrangement, the thermal buoyancy of the steam will tend to promote its
removal from the core region. One must therafore conclude that with
respect to this circumstance, the potential for dryout is greater in the
HWR than it is in the PWR. Further remarks on the behavior of bubbles in
the primary system are discussed below.

It would, of course, be of interest to learn of Canadian experience
with respect to natural circulation in the CANOU reactors. e spcke to
C-E about thiis and apparently the Canadians claim that the CANDU reactor
has a natural circulation capability. However, we were not able to re-
ceive information on documentation which would substantiate this apparent
claim. Fred Jesick (of C-E) also noted to us that the NASAP HWR design
is not sufficiently detailed to assess its potential for natural circula-
tion decay heat removal capability.

2) Primary heat Transport System

The primary heat transport system is a two-loop design with two
pumps, two steam generators, two inlet headers and two outlet headers on
each Toop. According to Fig. 5.1.3-3 of the preliminary design report
and our conversation with Fred Jesick, the two loops are connected at a
location common to two outlet headers (cne from each loop) and the cool-
ant system pressure is controlled by one pressurizer which is also commnon
to the two coolant loops at this location.

If a LOCA occurs on one loop, then it is possible, via valves pro-
vided at the common lccation to isclate the damaged loop from the intact
Toop such that the pressurizer is connected enly to the intact loop (or
isolated entirely) and the damaged lToop is then valved to ECCS operation. g
Isolation of the pressurizer from the intact Toop would affect system i
pressure control in that loop and, therefore, would not be recommended by i
us. froaE

If a Toss-of heat-sink event occurred in the secondary coolant sys- E'
tem such that the initially intact primary heat transport system became s
effectively adiabatic and system temperature and pressure began to rise
(in both loeps), then i is expected thet the pressurizer relief valve
would open and the pressure would be relieved. If this relief valve {
failed to re-close after the primary system pressure was reduced to a -—:
safe Tevel, then the accident becomes a LOCA via the opened pressurizer it
valve. An obviously impertant distinction between the course of even.s -;
for this hypothetical accident and the accident which occurred recently
for a pressurized 1ight water reactor is that the loss of coolant in the =
HWR is associated with a positive void reactivity feedback coefficient. f

| S|
\
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A LOCA at the pressurizer is particularly important since the complete
loss of coolant from both loops (but not from a single Toop) results in
d reéctivity insertion greater than one dollar.

Zecause of the presence of the loop isolation valves, certain vari-
aticns of the above scenario become possible. For example, if, due to
the oiservation of this LOCA, it is decided that (for whatever reason)
one of the loops should be isolated from the pressurizer and the other
1o0p, then, due to the continued presence of the loss-of-heat-sink condi-
tion, the isolated loop could overpressurize and be breached in a manner
which would compromise coolability via that loop.

If a loss-of-ficw event occurs in one primary loop, it should be
noted that, since the Toops are in common only at two out'et headers, the
potential for providing forced circulation via the other primary loop ap-
pears to be small. .

3) Mcderator Cooling

The moderator cooling system of the HWR provides a heat sink
which is not available in the pressurized light water reactor. Even if
flow is not available in the moderator system, it may function as a pas-
sive heat sink following a loss-of-heat-sink accident as cescribed above.
Hovever, the efficacy of the moderator system as a heat re wval path un-
der a szectrum of conditions cannot be evaluated by us at 1is time due
Lo a Tack of sufficient design information. A «omparison of the HWR and
PWR in this regard should recognize the existence of upper and lower ple-
na in the PWR as additional heat sinks not available in the HWR. The
srocess of uncovering the core via steam production is quite different
for the two designs and the analysis of available heat sinks must be
analyzed with care.

4) A loss of Heat Sink Scenario

Sy considering failure in the seconcary coolant system similar
Lo that which occurred at the Three Mile Island plant on March 28, 1979,
the possible sityation that may exist in the primary 1oop of the NASAP
HWR is discussed as follows. The discussion is based on the information
included in Chapter 5 of the HiR preliminary design report.

[f the primary loops are overheated and intenr ‘ve bciling causes
Subbles to form in the pressure tubes, these bubbl  car.ot be removed
from the core (pressure tube) as easily as in the ~ aystem where bub-
tles are carried upward by thermal buoyancy. The oubbles would either

Teryrer
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stay in or flow through pressure tubes which may aggravate the heat
transfer from the cladding and enhance the temperature increase. Because
of the structure and the layout cf the inlet and the outlet headers, it
is not likely that large bubbles would be formed there. Bubbles entering
the outlet header/inlet header would be expected to enter into the Toop/-
pressure tubes through the hot leg/cold leg of the steam generator. [t
is also not expected that bubbles downstream of the outlet headers would
enter the pressurizer (and be released) any easier than in the PWR Sys-
tem.

[t is believed that, in the HWR, if there are intens.ve bubbles
formed, these bubbles would mostly circulate along the lcops through
headers, steam generators, main pumps. and pressure tubes. This may not
only enhance the temperature increase in pressure tubes but also cause
Pumps to cavitate. Withcut foiced circulation, the potential for natural
circulation could be reduced or even could be blocked by the existence of
@ large number of bubbles. The reduced flow would cause more overheating
and/or damage of fuel elements and pressure tubes.

As discussed above, the moderator inventory is an alternate heat
sink in the HWR system. However, this heat sink is not in ¢irect contact
with the coolant and the pressure tubes (there is a He gas filled space
tetween the pressure tube and the guide tube) and thus may not provide a
sink which would respond quickly enough to preclude bubble formation.

If a meltdown occurs, then the potential interaction of the modera-
tor system with the core debris would require investigation.

5) Common Made Heat Removal Failure at Headers

In the HWR, there is a low pressure injection system (LPIS) and
there is a high pressure injection system (HPIS) to protect the core dur-
ing LOCA. These systems provide borated water to both inlet and outlet
headers. There are hundreds of tubes connecting each header to the pres-
sure tubes via welds. Based on our limited information on the design, we
note that if a LOCA is initiated by a failure of an inlet header, then it
is possible that this failure may also prevent ancugh emergency cooling
water from entering the ccoling channels connected to the failed inlet
header. The potential for this comacn source for losing coeling ability
sheuld be investigated further.

6) Qutstanding Questicns to the Applicant

In a telephone conversation with Fred Jesick of C-£ on March 6,
1379, saveral questions were asked Oy BNL (R. A. Bari and Y. H. Sun) en
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ti. - overall design and functionability of the shutdown heat removal sys-
tem. This information is needed before a detailed quantitative analysis
of the system reliability can be performed.

As of April 5, 1979, BNL is awaiting responses to the following

questions.

a -

@ -

e -

s -

What is the heat removal capability of the system if less
than four steam generators are operational?

Can the main heat transport system be used during cold shut-
down, if the shutdown cooling system (the analeg of the re-
sidual heat removal system in the PWR) fails?

If the main feedwater pumps fail, can an adequate heat sink
be provided by the condensate pumps and the safety valves in
connection with the steam generators? How many safety valves
(out of five) are required to open?

If both the main feedwater pumps and the condensate puinps
fail, how many safety valves together with atmespheric relief
valves ia conjunction with the emergency feedwater system
(the analog of the auxiliary faedwater system in the PWR) a: -
required to open if all other heat sinks are not available?

How is the electrical system (both AC and GC) connected to
the varicus safety loads and control systems? [t was agreed
that this questicn could be answered by C-E providing us with
a better diagram (than contained in the preliminary design
report) of the electrical system.

~ |
i

:
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7) Temperature and Void Coefficients

The (preliminary) tenperggure and void coefficients computed at
BNL for the C-E design 1.2 "z 230y PHY' fuel bundles are shown in the

table belew (in units of i0 )
Surnup Cycle = 2
Reactor é;
Start Middle End  Average 5
Fuel (Doppler) Coefficient -1.0 -0.6 +0.2 -1.4 B
(per deg. C)
Coolant Temperature Coefficient +2.0 +3.5 +5.7 3.7
(per deg. C)
Moderator Tempe:ature Coefficient -5.8 + 14 +11.0 +1.8
(per deg. C} .
Coolant Void Coefficient +1100.0 +850.0 +850.0 ~8%0.

(100% Void)

The fuel [Doppler) coefficient is negative at the start and middle
of the cycle and slightly positive at the end of the cycle. The reactor
avei'age value of the Doppler coafficient (averaging all fresh and high
burnup bundles in the reactor) is negative. The cr lant temperature
coefficient is positive at all times in the burnup :ycle. The moderator
temperature coefficient is negative for fresh bund 2s but positive for
bundies that have achieved more than half their de ign burnup. In the
equi ibrium cycle »f continuous refueling, the modarator temperature
coefficient is positive. The at-power coolant void coefficient (at 100%
void) represents a reactivity of ~$1.30.

The large mean neutron generation time ~10-3 sec in the PHWR miti-
gales the effect of the positive temperature coefficients bv providing
time for the control or safety systems to resperi to small changes in
temperature.
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The following (preliminary) table illustrates the effect of coolant
or moderator temperature increase.

Coolant Temp. Reactor
Increase Y] Prompt Power Increase Stable Period
1°¢ 3.7 0.6% 2250 sec
10°C | 37 6.0% 214 sec
50°C 185 40% 32 sec
Moderator Temp. .
Increase Lp Prompt Power Inc-ease Stable Period
1°C 1.8 0.3% 4650 sec
10°C 18 2.8% 454 sec
50°C 90 16.1% 80.4 sec

The loss of moderator cooling will have a positive reactivity ef-
fect, but there appears to be sufficier. time to sense the moderator
temperature change and shut down the r¢ ictor.

Temperature increases in the cool: it would be accompanied by tem-
perature increases in the fuel, resulting in a reactivity increase of
about half that shown above for the coolant temperature increase. For
slow increases in coolant temperature there appears to be sufficient time
to control the power.

In a LOCA where both céolant loops are voided the PHWR will be
prompt critical with a reactor period ~0.5 seconds. In one second the
power would increase by a facter of 10. If only one loop lost coclant,
the reactivity insertion would be approximately $0.65. This would cause
a 65% increase in power within cone second of voiding one zcolant leg and
increasing the power by about a factor of 10 within 7 seconds uniess the
reactivity transient is stopped by the safety systems. There appears to
ce entirely too much reactivity associated with voiding cne locop of the

r
N
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two locp design PHW. As a comparison, voiding a single lcop in a four
loop system would double the power in about 7 seconds, providing more
time for safety systems to respond.

8) Production/Discharge Data (Preliminary) -

The following table compares the annual discharge of HWR fuel
and LR fuel, based on thermal power of 4029 i“W. Although the data given
here ‘s preliminary, the estimates are approximately within 10% of the
C-E values.

_ LWR LR
Burnup MWD/MT . 12,750 ° 29,789
. Total discharge kg 56,516 37,025
235y (kg) 74.3 328.2
236y . 87.3 129.3
238y y £4920. 35144.
23%py v 170.1 197.5
240py » 115.2 76.1
281py s 29.6 42.5
242p, . 1.5 15.8
Total Pu " 336.5 331.9

The HWR discharges 1-1/2 times more burned fuel by weight than the
LWR, thereby increasing the voluie of waste to handle. The total amount
of plutcnium produced is about the same in the HWR as the LWR. In the
HWR, S9% of the discharge Pu is fissile, while 72% of the discharge Pu cf
the LW2 is fissil i ™ 3 : 240p
the LW? is fissile material. The relatively larger amounts of u
and €427y in the HWR fuel make it less suitable for recycle or weapens
purpeses than LWR discharge fuel.

!“,‘_
D// o
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9) Xenon Oscillations

In this section, the control problem assc:isted with the Xe
instability in C-E HWR is summarized. More detailes information can be
provided if necessary.

The neutronic dimension of the CAWDU reactor f¢ sbout 4 times larger

than the pressurized 1ight water ~eactor and the oscillation of power
distribution, due to Xe concentration build-up and decay, beccmes a seri-
cus problem for reactor operation. In the C-E HWR, the total electric
cutput is 1250 MiWe which is about *wice the ocutput of the csurrent CANDU
reactor. Therefore, the physical size of the core would .¢ twice the
size of the CANDU reactor. Furthermore, the enrichment ¢f ¢ 5y in the
fuel rods is 1.2% instead of natural uranium in CANDU fuel. This results
in a migration area about 6% smaller than in the CANDU reactor. Thus,
the neutronic dimensiocn of the C<E HWR is more than twice that of the
CANDU reactor and thus the higher harmonic Xenon oscillations will be
excited. In order to control these Xe oscillations, a control mechanism
such as the water compartment used in the CANDU reactor should be used.
The number of control zones (water compartments) will be increasid from
14 in the current CANDU to 32 in the C-E HWR. As the number of contre!
zones increase, the self-powered in-core detectors such as Vansdium and
Platinum detectors will be increased from 100 and 28, rrspectively, o
230 and 64, respectively. The size of the computer which cantrols che
flux distribution should be increased in approximate preoporties to the
reutronic size of this reactor.

10) Meutronic Behavior Associated with the Loss of Ceciant Accident

The current 1ight water reactors have vertical coclant channels
but in the heavy water rcactor of CANDU type, the fuel rods are oriented
horizontally. In addition to the limited heat transfer data (available
in the open literature) for rods having horizontal #low, the flow pat-
terns in horizontal tubes are significantly ifferent from the vertical
flow patterns.

The void coefficient of the reactivity change is a very important
quantity to analyze for the neutronic behavior in the case of lcss-of-
coolant accident. The stratif'cation of voids inside tubes will affect
the neutron transport inside the ccre. Furthermore, the neutron streame
ing effect, due to void stratification, will change the void coefficient
which usually is calculated under the assumption of homogenecus void.

VITITPYNYINRT i) o2 t
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[f you need any further information on the subject matters discussed
in this letter or on related matters, please do not hesitate to contact
me.

Warm regards,

BA-

Robert A. Bari, Group Leader
Safety Evaluation Group
Engineering and Advanced
Reactor Safety Division

RAB/nn
ce: T. P. Speis’
J. Long
W. Y. Kato (1A)
R. J. Cerbone
H. Ludewig
A. Mallen
Y. H. Sun
H. Takahashi




NASAP PSEID - VOLUME 3
COMMENTS AND ADDITIONAL INFOFMATION NEEDS

NRC REVIEW OF NASAP LWBR
In the previous preliminary staff comments on the LWBR (NUREG-0364
and the 9/25/78, Haller to Hanrahan letter) some of the areas where
more information and detail evaluations would be needed ~ere identified
as: (a) Nuclear stability, (b) power and temperature coefficients,
(¢) adequacy of the control system, (d) provisioqs for accident prevention,
(e) potential for recriticality during a meltdown accident and (f] core

thermal margins.

The main sources of information up to this time, have been the PSEID and a
meeting held March 20, 1979 between the staff and DNR and its contractors.
Some information on four Prebreeder/Breeder pair conceptual designs was
grovided in the PSEID, while at the March 20, 1979 meeting LR provided

som2 details of the developmental effort on the Shippingport core and related
supporting documentation. As a result of this information additional
questions have been raised regarding: (a) the stability of the L4BR core
with duplex pellets due to the delayed heating of the pellet core (which
contributes the major part of the Dopoler feedback) and (b) the potential

for separation of Tho2 and UO2 in a dupiex pellet und2r transient conditicns

due to the difference of about 800°F in their melting points.

Of the questions raised in the first paragraph, the one on nuclear stability
has been answered as far as Xe and lodine Isotopes are concerned, Likewise
the question of power and temperature ccefficients has Deen answered Deciuse
there is a reasonable indication that the commercial size LWER will not have
di fferent flux distribution and specific power than Shippingpert and hence

-

will not have different power and temperature coefficients., The guesticn
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of recriticality has been answered par*'y for the homogenecus binary pin where,
however, questions relating to configurations reflected by water or hydrogenous concrete
remain, Also, the recriticality questinn remains open or is couped to the behavior

of the duplex pin (i.e., potential separation of Thoz and UO2 ynder transient conditions).

A o

The general contention of the March 20th meting and in the information
provided in the PSEID is that, except for core related changes, the LWBR
is basically not different thar any other conventional PWR. However, the
Tower power density in the Thorium prebreeder and breeder cnres give rise

- to Tower ATs across the core dhd_then higher flows (for similar power levels);
this necessitates the use of larger pumps, larger safety equipment and even
a larger pressure vessel. For such a design it is not clear that the core
or the plant will behave in a manner similar to a previously analyzed PWR,
neither it is clear that the type and/or design as well as response of the
engineered safety features will be the same. The design will have to be
reviewed in the 1ight of the applicable regulatory guides. the provisions
of the standard review plan and existing staff pesitions. Toe following
areas are listed as examples of regulatory policy to which the LWBR must
conform with respect to the equipment changes an+ their impact on safety.
From the Standard Review Plan:

3.9.4 Control Red Orive Systems

4.2 Fuel System Design
4.4 Thermal and Hydraulic Design
4.5.2 Reactor [nternals Materials

4.5 Functional Design of Reactivity Control Systams




) @

5.2.1.4 Compliance wita 10 CFR §50.55a
6.3 Emergency Core Cooling System
*15.4.1 Uncontrolled Control Rod Assembly Withdrawal from a

subcritical or Low Power Startup Condition
*15.4.2 Uncontrolled Control Rod Withdrawal at Power ;,:,
*15.4.8 Spectrum of Rod Ejection Accidents f

The LWBR fuel cycle shown in Volume IIl (Figure 2-6, page 2-17) shows a
(mechanical) disassembly step g2rable of separating the duplex fuel (shown

on Figure 2-5) into “wo streams - a U-235 stream and a U-233 stream., We

did not see any flow sheet in Volume VII where a mechanical head end treat-

ment was not followed by a chemical separations step. The LWBR fuel cycle

flow sheet in Volume III should be consistent with the applicable flow sheet %
in Volume VII, and vice versa. In addition, we believe that if the concept :
of the duplex fuel is important to the viability of tne Breeder concept,

additional information must be provided in Volume III or Volume VII concerning

the development status of the disassembly operation shown in Figure 2-6.

Taken as a whole, the LWBR fuel design concept is extremely complex, as

compared with the LWR, Differing enrichments, duplex fuel pellets, stationary

(blanket) vs movadle (see , components, thorium fingers, tertiary oxides,

4iffering grid materfals, taken with the various permutations and combinations

afforded by th' var<ous breeder-prebreeder opticns pose potential probliems i}}i'

with respect to the development and verification of adequate design bases,

design Timits and acceptance criteria.

*hot directiy applicable in the LWBR but they should afford guidance as for
the intent of the regulatcry requirements,




There is probably an over-reliance on extrapolation of Shippingport

Technology in regard to LWBR fuel design licensability. Although we have

not previously identified any major fuel design problems during our
Shippingport review, we did not perform a typical LWR-type review of the
Shippingpart design. We would expect to conduct a fully comprehensive
review of a future LWBR fuel design and would place considerable emphasis
on reviewing the supporting information for the proposed design Timits and

acceptance criteria.

Two potential fuel damage issues that would be expected to receive particular
scrutiny would be (a) pellet cladding interaction (PCI) and (b) rod bowing.

The bases for the proposed limits on power changes (power history and fatigue
usage factor) would be examined closely. We would expect to see considerable
analytical and/or experimental support for the Life Equivalency Parameter g :

(LEP) vs lifetime recommendations.

Based on the preliminary review, some additional outstanding issues for i

the LWBR are:
Zircalloy core support Grid (now designed of stainless steel)
Potential consequences of molten Tho2 (e.9., autocatalytic behavior)
Control element performance with respect 0 jis hydraulic supsort systoem
i Potential effect of oversized coclant handling systems in a backfit
prebreeder (e.g., oversized pumps, oversizad safety injection)
Potential effect of the unique radicactive materials conftaired in

e B!

the reactor on siting criteria (e.g., U-223)




Analysis of the potential effect of the design basis accident and the
low probability accident
Adequacy of the proposed Thorium finger control system

Fuel reprocessing and remote refabrication

Validity of assuming the extrapolability of the Shippingport technology
and safety implications
Required level of effort to address the above issues.
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NASAP 7. 1D - VOLUME 4
COMMENTS AND ADDITIONAL INFORMATION NEEDS
NRC REVIEW OF NASAP HTGR-GT
As the gas turbine (GT) concept for the HTGR has been formally adopted
for development it will be necessary to revise the PSEID to reflect this
design. This revision should include removal of material extraneous to
the concept so that no ambiguity remains concerning the status of the
dasign features being developed for the HTGR-GT. Material from the HTGR-
Steam Cycle (SC) report should be retained however where useful comparative
information exist (see question 18). All questicns or comments given below
should be responded to in the context of the GT design or its design status,
with reference to earlier HTGR designs only when this information is fully
generic or appropriate. This revised documentation may include responses
to our questions by direct incorporation into the text or by separate
paragraphs, as appropriate. In order to complete our review of the
HTGR-GT in accordance with the objectives of the NASAP study we will need

this information no later than August 15, 1979.

It will be necessary to establish explicit licensing criteria for the
MTGR-GT as a portion of its constructicon permit review. Many of the
criteria will of course be based on HTGR criteria used in past licensing
actions. However, it will be necessary to review and re-establish the use
of these criteria in terms of current requirements and to develop additional
criteria as may be needed to meet the unique aspects of the gas turdine
design. The objective of these criteria will be to assure that at jeast a
comparable level of safety is achieved in comparison with cther ccmmercial
reactors. Means for establishing such criteria, in decending order of

*

dasirability, are (a) direct adoption of existing criteria, (e.g., !

"
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criteria and many Regulatory Guide;). adaption of existing criteria where
necessary discrepancies can be justified, and the development of riw

criteria tc meet the unique aspects of the design. Preliminary criteria

development during the pre-application review phase is desirable in order

to guide the conceptual and preliminary design activities and to anticipate
areas which will need to receive increased attention during the construction
permit review stage. We appreciate that General Atomic has been 3ct1ve in
HTGR criteria development in the past and is presently active in develcping

criteria for structural graphite and inservice inspection. 2

One aspect that has not yet been explored is the ~ontribution to criteria
development by the Federal Republic of Germany under its cooperative agr-ement
for the development of the HTGR-GT. Wa are generally aware of some of i
differences in criteria between the Federal Republic of Germany and the
U.S., but have not considered how such difference might be manifested in
either the Jesign of the HTGR-GT or in 1its licensing criteria. We are

interested in the potential effect of these differences with particular

ey

regard to inservice inspection and testing, seismic design, and requirements
for redundancy and divzi:ity of engineered safaty features. Please discuss

how you expect these criteria differences to influence the design and

\'.

licensing criteria of the HTGR-GT in the United States. If there are
other criteria differences you believe are significatly different please
discuss these also (e.g., design basis accidents, containment system

design bases, and primary system integrity).

hZT o ZUd



From our meeting with General Atomic on February 27, 1575 we understand
alternatives to the reference design for the HTGR-GT presented at this
meeting are being considered. Please identify the nature of these
alternate concepts with emphasis on those design features most likely to
effect tha finality of our safety and licensing review of the reference
design. If possible, indicate the degree of "firmness" that can be
attached to the current reference design and estimate when decisions will

be final on the incorporation or exclusfon of significant alternatives.

Additional general and detailed information on the HTGR-GT research,
develorment and testing program would be desirable if available. In
particular, we would 1ike identification of the research responsibilities
of the various preogram participants, including foreign participants, a
discussion of the relationship of these responsibilities to the HTGR-GT
design described by General Atomic, identification of the roles to be
assigred to Fort St. Vrain and operating HTGs in the F.R.G., a description
of available and projected test facilities for the development of the
turbine-compressor unit, a description of the research program pertaining
to the replaceable hot Juct and identification of the critical items for
which research data must be available before pacing design decisions can

be made.

What is the ground acceleration value deemed a practical maximum for the

HTGR-GT design. What physcially limits the HTGR-GT to this value?




There are no explicit criteria directly applicable to the design
construction and inspection of the turbine-compressor unit that we

are prasently aware of. Indicate to what extent existing codes may be
adopted, such as the ASME Boiler and Pressure Vessel Code, and comments
on the appiicability of NRC documents that may afford . uidance. A list

of NRC documentation which may be useful in this r~jord follows:

(1) Standard "eview Plan 5.4.1.1, "Pump Flywheel Integrity (PWR)

(2) Reguiatory Guide 1.14, "Reactor Coolant Pump Flywheel Integrity"”

(3) Standard Review Plan 4.4, "Thermal and Hydraulic Design (material
pertaining to flow oscillations, loose parts, vibrations, load

following maneuvers, part locp operation)

(4) Regulatory Guide 1.68, "Preoperational and Initial Startup Test

Programs for Water-Cooled Power Reactors"

(5) Regulatory Guide 1.115, "Protection Against Low-Trajectory Turdine

Missiles”

(6) Gener>' Design Criterion No. 4

(7) Standard Review Plan 3.5.13 - "Turbine Missiles"

(8) Standard Review Plan 3.5.3 - “Barrier Design #rocedures”

(8) Standard Review Plan 10.2 - "Turbine Generator”
(10) Standard Review Plan 10.2.3 - "Turbine Disc Integrity"

Tabulate the thermal and mechanical limits establisnhed or being considered
for normal, transient and accident plant conditions for the fuel, control

rods, structural graphites, ceramic materiais, metals, and any other




component of the core, the primary system, cr the primary system poundary
deemed safety related. Identify which of these limits have been estzblished
by past HTGR licensing actions, which 1imits are to be established during
HTGR-GT licensing reviews or topical report reviews, and which Timits

and confirmation by research and testing programs.

Ahat additional features of the plant protection system or engineersd
safety features may be needed to cope with failure modes of the grey
centrol rods, the turbine-compressor unit, primury system valve, the
recuperator, hot duct, and the precooler. Responses to this question
will require identification of or ref. .ce to failure mode studies,
postulation of a spectrum of accidents, predicted responses of the
existing plant protection system and engineered safety features, and
information on potential system interactions. We anticipate that it
may not be possible for you to supply definitive responses to this
question in the near future. Nevertheless, we expect that you should
be able to supply preliminary and conceptual respcnses together with a
discussion of the status of related accident studies together with an

estimate of wher this question can be finally answered.

The discussion of certain low probability accidents in the PSEID should
be amplified beyond the use of the results of the AIPA study. In
particular, describe the hypothetical consequence of a control rod
ejection accident, consequences from a spectrum of failures in the core
support structure, and the consequences ¢f water injection from a

failed pre-cooler simultaneously with rapid depressurization of the reactor.




10..

11.

12.

The low probability accident customari’y used for siting studies is an
adiabatic core heat up caused by the sustained loss of forced convection
cooling. Discuss the potentials for mitigation of this accident by
designing for emergency heat removal by natural convection. What are
the helium pressure requirements for emergency cooling by natur: |
convection and how would these requirements vary with time after the
accident? What role might the containment vessel and containment back

pressure provide in natural convection cooling.

Substantially more information should be supplied with respect to internal
pressure equilibration accidents in comparison to rapid depressurization
accidents. Describe design criteria and design changes that might be
needed to cope with the larger differential pressure forces experienced

by thermal barriers, flow diffusers and other primary systam components
and boundary surfaces. Are any of the needed design changes sufficiently

br ond the state-of-the-art that development programs will be necessary.

The direct cycle concept offers the potential advantage that water and
other oxidant materials could be totally eliminated from the primary
system Dy using a non-oxidant fluid in the precocler. Oiscuss the

practicalities of this suggestion.

'l .




13.

14.

15,

The information provided in the PESID on inservice inspection and testing
was too generalized for our needs. Further, while you maintain that
state-of-the-art equipment and practices are adaptable to current ASME

Code requirements, we point out that Division 2 of Section XI has not

yet been adopted by either the ASME or the NKRC. Please revise your respense
with emphasis on the reeds and means for inservice inspection, with special
consideration of the following: (1) base and lateral core support structures,
(2) the thermal barrier, (3) the PCRV liner, (4) the restraint mechanisms
that preclude control rod ejection. As equipment designs relative to the

GT plant develop in more detail we will expect more infor.ation than
presented on February 27th pertaining to the need:; an§ means for inspection

of these developing designs.

Based on past licensing reviews fuir HTGRs it is 1ikely that seismic
design requirements will restrict siting choices to locations of
relatively Tow ground accelerations in comparison with those acceptable

for LWRs. Discuss this siting flexibility limitation from the standpoint

of environmental and cost-benefit considerations in comparison to the é

4
other NASAP reactors. -
:

What additional information with respect to occupaticnal exposure can be
made available beyond that provided in the PSEID relative to LWRs and
the other NASAP reactor designs. Consider normal operation, refueling,

inspection and decommissioning requirements.




16. Past experience and Sections 2.4 and 2.5 of the PSEID illustrate the point
that the more we know about a reactor's conceptual design the more issues

we are able to define for resolution. The HTGR-GT concept will Tikely

undergo significant evolution before design details become firm. 8y that
time, more detailed safety programs m v also be defined. In spite of these
difficulties, costs in time and dollars should be estimated for the

resolution of design and safety issues. In responding to this question

b
b

we recommend that tables of a format similar to Table 2-17 be included with
expansions that compares R&D requirements, costs and schedules of the

reference HTGR-GT, promising alternates, and a base case for the 300 MW(e)

steam cycle plant.



NASAP PSEIDU - VOLUME 5
COMMENTS AND AUDITIONAL INFORMATION NEEDS

NRC REVIEW OF NASAP GCFR
In the event that the upflow core cooling design is adopted for the
GLFR, it will be necessary for DOE to re-describe the GCFR's principal
design features and provide an assessment of its safety characteristics
in the prevention and mitigation of postulated accidents. We will need
this information no later than August 15, 1979 in order to complete our
review of the GCFR in accordance with the objectives of the NASAP study.
This documentation sgculd addrass all thirteen of the safety considerations
given on Page 2-211 of the PSEID, provide discussion of any additional
safety considerations DOE c;ns*ders necessary and approoriate, and address
all of the comments and question: contained herein in the context of the
upflow design. We fores:e that our general conclusion given in the 1974
Pre-application Safety Evaluation Report would not be adversely affected
by the upflow design and that some of our conditions and reservations
regarding the adequacy of the present emergency core cooling provisions
might be positively addressed. Criter a related to the adeguacy of thermal
margins and fuel damage in the case of natural convection cocling would have
to be developed in connection with the assessment of the adequacy of the

use of natural ccnvection for emergency core cooling.

It will be neces;ary to establish explicit licensing criteria for the GCFR
as a portion of its construction permit review. The cbjective of these
criteria will be to assure that at least comparable level of safety

is achieved in comparison with other commercial reactors. Means for
establishing such criteria, in decending order of desirability, are

(2] direct adoption of existing criteria, (e.g., IEIZ criteria and many
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Regulatory Guides), adaption of existing criteria where necessary

discrepancies can be justified, and the development of new criteria to

meet the unique aspects of the design. Preliminary criteria development

during the pre-application review phase is desirable in order to guide the

cenceptual and preliminary design activities and to anticipate areas which

will need to receive close attention during the construction permit re.iew

stage. We appreciate that Genera, Atomic has been active in this area in

the recent past.

One aspect that has not yet been explored is the contribution to criteria c;;i
development available from the several European governments cooperating i
in the development of the GCFR. We are generally aware of some of the
differences in criteria between the Federal Republic of Germany and the
U.S., but have not considered how such difference might be manifested in
either the design of the GCFR or in its licensing criteria. We are
interested in a discussion of the potential effect of these differences
wi*h particular regard to inservice inspection and testing, seismic - T

design, and requirements for redundancy and diversity of engineered safety

e

features. Please discuss hew you expect these criteria differences to

AT I

influence the design and licensing criteria of the GCFR in the United
States. [f there are other criteria differences you beli ve are significantly
different please discuss these also (e.g., design basis «ccidents,

containment system design bases, and primary system integrity).




At the ‘ebruary 26, 1979 meetina the main body of the information provided
was for the 300 MW(e) design although the conceptual char.cteristics of

the 1200 MW(e) plant were cutlined. Please resolve from the standpoint

of DOE's desired approach to the safety review of the 1200 Mi(e) plant

wnich course you will follow to provide our needs for additional information:
(a) establish the scale-up feasibility of the 300 MW(e) design to the

1200 MW(e) size, (b) provide information in greater depth for the 1200

Mwn(e) size with reference to features of the 300 MW(e) plant that demonstrate
feasibility of the 1200 Mw(e) design, or (c) identify some alternate plan
that will satisfy the NASAP objectives.

What additional to that provided in the PSEID can be said ahout occupational
doses for the GCFR relative to LWR's and the other NASAP reactor designs.
Consider normal operation, refueling, inservice inspection, and

decommissioning plans.

what equilibrium fraction of noble gases, iocdines and other volatile
fission products is resident in the GCFR fuel rods in comparison to
non-vented fuel rods? Alsc, how is the comparative decay heat level cf
the reactor aitered by continuous venting of the volatile ®iision preducts?
Do accident studies consider this lower inventory of fissicn products in

the GCFR core?

L
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What are the specific criteria and requirements for inservice inspection
and how will these be integrated into the preliminary design? What role
will the ASME Section XI committee play in ISI decisions?

How will development programs for the GCFR's primary system compcnents
be affected if the development of HTGR technology is not carried in the

United States substantially beyond the Fort St. Vrain reactor.

We understand from the February 26th meeting “hat GA is now considering
core disruptive accidents and core melting as containment design bases,

and has patterened its reactor siting source term and its containment

configuration after the Clinch River design safety approach articulated by

the staff in a May 6, 1976 letter to ERDA. Please provide the following:
(a) Documentation confirming or correcting relevant material presented

to the NRC on February 26, 1976.

’5) A discussion of why the Clinch River zontainment design and siting

source term are considered appropriate to '« GCFR.

(¢) A description of experimental research programs planned to confirm
assumptions used in the CDA analysis and the containment system

design.

-

For your information we have included as Enclosure 7 the document

“Sasis for Containment Design in Large MFERs." Although LMFBR

terminology is used throughout we consider this document also applicable

-
-

the GCFR.

o
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NASAP PSEID - VOL!'™E 6 ) ' G
COIS4ENTS 711D ADDITIONAL INrURMATION NEEDS
NRC REVIEW OF LM BR-VARIANTS R
1. Since the 15 variations submitted as part of the NASAP PSEID package
are variations on core design and fuel cycles only, it will be difficult,

if not impossible, to perform a comparative evaluation of "integral®

reactor systems (i.e., NSSSs and B0Ps). We believe that it will be
unfair to the LMFBR assessment for the staff to assume and use an
extrapolation of the CRBR design for making these judgment.. The
CRBRP, Seing a loop design vintage early 70's, does not reflect recent fﬁ
design inpovations/improvements. Also a number of key safety issues =
associated with the CRSRP remained outstanding at the time of the sus-

pension of the safety review (Spring '77). (Tor a summary of these e
safety issues see letter from Gammill, NRC, to Caffey, CRERP dated e
11/9/78.) =
It is important for DOE to recognize .nat any one of these LMFBR con- =
ceptual designs must be consistent with and conform to the spirit and
intent of the staff licensing positions as reflected in the regulatory
guides, criteria in the Standard Review Plan, the General Design Criteria,
and other licensing regulations. Some of the key areas that must be

addressed include fuel system design, inservice inspection, contrel
/b
and independence, and finally containment system design. Oue to the importance 54

i

cwgewy e . § e

system diversity and independence, decay heat removal system diversity

of containment system design, we have included a recapitulation of recent -
licensing staff positions on containment design in a separate enclosure for your- 5

information. Before we can proceed with the (MFSR portion of cur NASAP review,
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to accepted practice; how and when you will decide on specific desigr
concepts (e.g. loup vs pat); and the level and directicn of R&D effort
for reactor safety. It is important that DOE be reminded that, in the

past, the staff and DOE differed in basic safety approach and implemen-

tation for both the CRBR and the FFTF reactors. These differences have

been documented in great detail for the CRER and FFTF in correspondence

between the staff and orojects, and in the CRBR SSR and FES and in the

FFTF SER.” It is imperative that DOE recognize and understand these ' :“

differences, and that DOE factor them into their overall planning, in i

particular into their formulation of and commitment to a much-needed = = :;

safety R&D program. Anything short of this could have serious impli-
cations for licensing.

It appears that the only substantive reference regarding LMFBR Core

Disruptive Accidents (CDAs) for these alternative fuel types and core

designs is INFCE/5-TM-5, H. K. Fauske, "Safety Implications of Alter-

native Fuel Types." Several general comments and questions are in
order:

a. NRR does not necessarily agree with some of the basic conclusions,
methodology and basis for design features presented in this repert,
e.g.

1) the methcdology of using the “first principles,” listed for

A

example on page 26, to draw global conclusions on the relative
merits of oxide vs carbide or metal fuels.

(2) the conclusion that metal fuels are inherently safer fuels
than carbides, drawn from application of these first principles.

{ 7 S T “F
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(3) the conclusion drawn (page 29) that, for a loss-of-heat sink
accident fuel melting is initiated only if the coolant level
drops be « the core.

(4] the conclusion that sodium bonding of metal or carbide fuel

has only safety aavantages in CDA sequences.

(5] Based on some of the above conclusions, the author recommends
certain design options, such as: upper structure removed from
lead subassemblies (S/As); perforation of S/A ducts; and sodium-
bonding for carbide and metal fuels.

b. This report has an outline for "experimental resolu*inn of key

issues" for all three fuel types. To what extent will DOE rely on

the definition of problems and resolution approaches as outlined
in this report. (It is important for DOE to recognize that the
technical judgments and opinfons in this report are not necessarily
those of the technical community either within NRC or without. Thus

DOE should proceed with caution in implementing the research pro-

grams described therein.) More generally, what would be the DOE

experimental and analytical program to resolve key safety issues if,

say, metal-fueled LMFBRs are a major part of the U. S. LMFER program? d ‘
Can DCE supply any analysis in the area of CDAs for the design options »i4~
including Targe homegeneous vs heterogeneous cores; carbide and metal '-:_
vs oxide; and Th0, blankets vs U0, blankets? T EE
Does DOE have a position on the homogeneous vs heterogereous core? And,

if so why? Provide analysis including CDA transition phase analysis.



5.

In a number of reports supplied to NRC, there is a design constraint
that the positive sodium void coefficient be less than $3.00. Provide
the basis for this constraint and its effect on consideration of the

LMFBR-variants in the NASAP study.
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BASES FOR CONTAINMENT DESIGN IN LARGE LMFBRs

In the past the NRC staff took the position that an LMFER contairment system
should be able to withstand not only design basis events such as sodium fires,

but also the consequences of low probability or Class 9 accidents (see e.g.,
CRER FES, NUREG-0139, dated February 1977; the CRBR Site Suitability Report,
dated iarch 4. 1977; FFTF SER, NUREG-0358, dated August 13/8.) Specifically,

for the case of CRBR, the staff took the position that the containment system

i
f
=

should be protected from the effects of low probability accidents (commenly
referred to as core disruptive accidents in LMFBRs or CDAs) such that,
comparability to the inherent prbtection of LWR containment systems to core melt
events is achieved. This resulted in the 24 hour containment integrity require-
ment for CRSR which can be found in the above given refe{ences(recent NRC Tetter
to DOE on the 24 hour requirement is attach~d to this enclosure). Since the
termination of the CRER review in April 1977, the staff completed the FFTF
review and also completed a comparative study between land-based and offshore
sited floating nuclear plants of the radiological consequences of core meltdown
events. On the basis of this study (see NUREG-0440, dated February 1978), ‘he
staff recommended the issuance of a manufacturirng license for barge moun‘ed

plants subject to the condition that "the applicant shall replace the concrete

SE——

pad beneath the reactor vessel with a pad constructed of magnesium cxide (Mg0Q) N
or other equivalent refractory material, that will provide increased resistance
to melt-through by the reactor core in the event of a highly unlikely core-melt
accident and which will not react with core-debris tc form a large volume of

gases ...." (see NUREG-0502, December 1573).



For the case of FFTF, the staff analysis indicated that overpressurization
and the generation of hydrogen resulting from sedium and core debris interaction

with concrete are the principal challenges to containmen*. The quantity of

hydrogen generated that could create.potent1411y explosive or highly energetic
flammable mixture in the FFTF containment building atmosphere, or portions of
the building, preceeded in time the point of threatening containment intagrity
by overpressurization. 'Even though the staff in the FFTF SER, NUREG-035S9,

cated August 1978, considered various means to alleviate the buildup of pressure

and hydrogen in the containment building following postulated core meltdown

events, some of the recommended steps to ceal with the problem were probably not

appropriate in view of the facility being essentially constructed. For example,

even though refracto}y raterials (e.g., similar to the Mg0 recommended for the

Bt T

FNP design) which are highly resistant to molten c. -e debris and do not generate
hydrogen could have been used in the reactor cavity and in the containment
subcavity of the FFTF, its use would have been difficult, expensive, and maybe
detrimental from an overall safety viewpoint since the cavity and subcavity were

already built and sealed.

For future large fast reactof designs, the approach should be to integrate in to
the containment system design from the start the necessary features and designs,
so that the containment will be able to withstand and mitigate not cnly the
consequences of design basis events, but also the consaguences of lcwer

probability, higher consequence accidents. Accordingly, three (3) broad classes



of accidents, which are summarized below should be taken into consideration in

the uesigns of large fast reactor containments.

The three classes of accidents are: (1) those postulated accidents considered in
the design basis of plants (i.e., 10 CFR 50), (2) hazards not exceeded by those
from any accidents considered credible (i.e., 10 CFR 100 of Site Suitability
Sourc~ Term) and (3) low probability or Class 9 accidents. Since the information
provided in the LMFBR PSEID ralates primarily to the core (i.e., various fuel
cycles) and it has not been integrated into a system design, the follewing

staff comments on these three c1;sses are somewhat generic in nature and are
primarily based on the staff's experience with previous reviews of LMFBRs and
LWRs, as well as the recent <taff position menticned earlier regarding floating

nuclear plants.

1. DESIGN BASIS ACCIDENS (10 GFR €0)

In an LMFBR, the acridents which represent the principal challenges to
containment are sodium fires coupled with potential sodiu™ <cncrete reactions
which result from failure and subsequent release of sodium from p ~es and
vessels containing sodium. Following scdium release, combustion w “h oxygen
(even for those areas which are inerted) will result in increasing pres.ures
and temperatures. The specific initiating events, as well as consequences will
be very system dependent. Based on the staff's review of CRER and the FFTF,
the sodium releases were based on considering a spectrum of postulated compor:i-t
and piping failures of different sizes, locations, and other properties sufficient

to provide assurance that the entire spectrum of pestulated scdium “ire

“~
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accidents is covered. Some of the specific challenges to the containment
presented by sodium release accidents that should be considered in a containment

design are as follows:

1. Mechanical - The deterioration of concrete by sodium can weaken structures,
cause cracking, enlarge leuk paths. Therefore, means should be used to
prevent or reduce the likelihood of direct contact between sodium and

concrete. For FFTF and CRBRP, cell liners were used to accomplish this.

2. Thermal - The chemical heat of sodium reactions with oxygen or concrete can
build up pressures within inerted cells or the containment Suilding which

must be included as part of the containment design basis.

3. Explosive - The generation of hydrogen from reactions between sodium and
water (or concrete) can lead to explosive mixtures in the air atmospheres
of the Reactor Containment Building. Therefore, water should be kept to
a minimum in buildings containir :rge amounts of sodium. Hydrogen
recumbiners are provided in LWRs tc control hydrogen. For LMFBRs (FFTF
and CRBRP), the applicants have claimed in the past that the presence of
sodium oxide has a cata1ytic.effect in promoting recombination of hydrogen
and oxygen and keeping the hydrogen concentraticn below the explosive limit.
B8ased on the available f;fonmation. the staff has in t'e past been unwilling
to accept the .“ew that hydrogen can be depended upor to burn benignly under

the natural processes assoniated with these accidents.



4. lNon-radiclogical toxicity - If released from containment or the steam
generator building, large quantities of non-radicactive sodium could be
an inhalation and environmental hazard. Effective methods can be used to =

suppress or exttnguish sodium fires, as well as isolation can prevent the

release of the hazardous smoka,

5. Filters - The dense smoke from sodium fires can rapidly plug ventilation ;
filters. Scrubbers or prefilters are generally required to aliminate this

problem.

In recognition of the above, the NRR staff during the review of the CRERP issued
general safety design criteria for the CRERP, including Critericn 41 "Containment
Design Basis," which stated in part ... "the reactor containment structure,
including access openings and penetrations, and if necessary, in conjunction with
additional post-accident heat remeval systems including ex-vessel systems, shall
be designed so that the containment structure and its intr -al compartments can
accommodate, without exceeding the design leakage -ate, ana . Jficient
margin, the calculated pressure and temperature conditions resulting from E
normal cperaticn, anticipated cperational occurrences and iny of the postulated

accidents.”

2. SITE SUITABILITY SOURCE TERM (10 CFR 100) —

The site suitability source term (SSST) is non-mechanistic, and its use fis
intended to represent an assumed - ;3ical release from the core whose

consequences would result in potential hazards not exceeded by those from any

.
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L
accident considered credible (see footnote 1 Lo 10 CFR 100.11 (a)). A

primary objective of the staff's safety review is to assure that no other

accider equences within the design envelope result in the release of fission

products to the environment greater than those postulated for the SSST. As
part of this review, the staff has in the past examined very carefully such
factors as core physical and geometrical configuration including the type
and guantity of fissionable material, control system(s), decay heat removal %.
system(s), and amount of redundancy and diversity in impcrtant safety systems. ‘
Also, the manner in which the as designed plar® responds and interacts to a

spectrum of accidents, including very severe ones has also been considered.

Without a partic.lar detailed design description, such as presented in a PSAR,
it is not clear from the PSEIDs that the consequences of all credible events
would be enveloped by a SSST, nor is it apparent that "generic" attenuation
mechanisms would apply in all scenarios. At present, both the design concepts
for large fast reactors and the analytical methods for examining accidents are

in a state of development.

we would, therefore, recommend that the containment design be based cn

sufficiently conservative source terms which encompass all the uncertainties in -§
presently available data, analyses and design concepts. As an exampie, the _ :f
staff reviewed the bases prcvided by the CRBR project for its source term and __:
concluded that insufficient information had been furnished to establish that - 2
it met the requirements of 10 CFR 100.11 (including footnote 1). As a result,

a more conservative radiclogical source term was adopted (sea CRBRP Site

Suitasility Report, pg. [1I-14).



Additicnal materials not included in a SSST for LWRs, ur 2ven the CRBR, might
have to be included for the NASAP concepts to account for the introduction of

alternative materials (e.g., U-233, U-232, ...). -

Additicnal design requirements i~ ‘osed on con*ainment systems, such as
filtration, fission product remcval .nd containment heat removal systems will
have to be considered very carefuli: ‘r, th2se areas, additional R&D and proof

testing will almost cert:inl ba & ‘el

3. CORE MELT AND DISRUP.IVF A [ iDENTS

In an LMFBR, the low prrbarility accidents which represent the principal
challenge to containment are associated with core melt and disruption with
the potential for concurrent energy release. The energy release is a resuylt
of either core vaporization (direct core disassembly and/or recriticality), or
sodium vaporization from the transfer of heat from the molten core to the sodium
coolant. Energetics could lead to early (order of minutes) containment failure

if the containment system is not designed to accommodate the generated Toads; on

a longer time scale failure of the containment would occur from the evoiution

of the meltdown accident progression. This latter evolution could invelve chemical
reaction products and/or sodium vapor resulting from the inadequate post-accident -
decay heat removal of a molten and/or disrupted core and could lead to hycrogen —
explosions, or overpressurization and/or therma]/structureal degradaticns, either e
one or a combinaticn being able to cause containment failure. Without 2 .

particular design description as presented in a PSAR, it is not possible to

avaluate either the potential eveluticn of an accident scenario and its

can®tasn

consec.ances or whether it will/can be mitigated and/or contained. Based on




the staff's past involvement and experience with the safety analyses and
reviews of LMFBRs, containments should be designed 'toc mitigate or significantly
reduce the consequences of core me'* and disruptive accidents. From the
viewpoint of the two major accident sequences (i.e., early accident energetics
and longer time meltdown consequences) that can threaten containment integrity,
the following should be considered:
3.A AQCIDENT ENE?GETICS (DIRECT DISASSEMBLY, RECRITICALITY AND FUEL COOLANT

TR ERACTIONS

In the past some LMFBR desigﬁers k-ve relied on the Primary Heat Transport

System (PHTS) to accommodate the potential energetics; this was especially true
for the CRBRP. At the time of suspension of the CRBRP licensing review, the
staff and applicant had not resolved the guestion of whether the design was
adequate to accommodate the value of the eneigetics described in NUREG-0122.
Other cesigners (e.g., the UK in the case of the Commercial Fast Reactor (CFR)
design) have considered pre-stressed concrate vessels with inherent capability
to accormedate large energetics. The choice of a particular vessel/containment
system would of course depend, among other things, on the requirements derived
from a specific cesign. Some of the key considerations (note NUREG-G122) that

influenced the selecticon of the level of energetics for the CRERP were:

1. The potcatial for large work-energy release during the "initiating phase”
(direct disassembly) due to.the autocatalytic, positive-sodium-void effect
without the presence of the mitigating effect of timely and substantial

fuel dispercion.




2. The potential for large work energy release during the "transition phase”

(recriticality).

3. The many uncertainties and unknowns associated with CDA phenomena
including: the potentaii for sodium as a working fluid; fuel pin failure ,_r

dynamics; freezing, plugging and remelting of molten fuel and fuel/steel EE:

mixes; and molten pool boiling dynamics.

Areas and parameters that will influence accident scenarios and consequences

for the desion(s)/fuel cycle(s) considered in the NASAP study are:

1. the effect of a heterogeneous core (compared to a homogeneous core like

CRBR) on accident progressions,

2. the effect of core size,

3. the effect of fuel type such as carbides and metals vs. mixed oxides
(e.g., on Doppler Coefficient). In the area of Fuel-Coolant Interactions
(FCIs), the effect may be major for both carbide and metal fuels because

the potential for sodium becoming a working fluid is considerably snhanced.

4. the effect of various bondings for metal and carbide fuels (either helium -

or scdium) -

S. the eft.t of fuel cycle types such as Pu/Tn with Th blankets vs. Pu/U

with Uranium blankets.
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6. the effect of a pot design vs. a CRBR-type loop design

7. the effect of design specifics such as: upper fission gas plena vs.
lower plena; perforated subassembly ducts; and terserature profiles

across subassemblies.

An aggressive and comprehensive experimental and analytical research and
development program will be necessary in order to understaﬁa the above effects
and their reievance to the safety of a particular LMFBR variant. We need to
understand DOE's policy and planning, time frame and rescurce commitment,

for these safety-related areas.

3. B CORE MELTCOWN

As was previously mentioned a benign (i.e., non-energetic) core meltdown

can resu't in hydrogen explosions, overpressurization due to sodium vapor and

non-condensible gas generation, and thermal/structural degradation. All of these

effects can lead separately or contribute jointly to containment failure. For
example, for the FFTF containment failure was predicted to occur either from
hydrogen explusions in the time interval of 10 to 20 hours, or from over-

pressurization in the interval of 30 to 60 hoqu.

Evaluations performed by the staff for the CRBRP and FFTF, as well as the
FNP indicata that containment integrity can be extended substantially or even
indefinitely with the additiona of refractery sacrifical materials 2nd/or
cooling systems in the lower reactor cavity area. In other areas outside
the reactivity cavity, steel liners constructed as engi-eerea safety features
can be used to protect the concrete from sodium attack. For both cases, the

objective is to reduce or eliminate the potential for the buildup of hydrogen
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and other non-condensible gases, as well as sodium vapor, that can threaten
the containment integrity. Areas of work that should be pursued within the

framework of future large LMFBR design(s) are:

1. Examination of refractory sacrificial materials that are highly resistant

to core melt debris and do not interact to form a large volume of gases; f.

2. Examination of cooling systems, both active and passive, to prevent
sodium from evaporating following a core meltdown and to remove decay heat ‘>ﬁi

from the outer extremities of the refractory material, such that

containment of molten core debris can be assured;

3. Investigate methods to monitor and control the hydrogen concentration in the

"= containment building following postulated core meltdown events; and

4. Examine means to further reduce radiological releases from containment
following postulated core meltdown events, such as the addition nf sand

and gravel filters.

In summary, the licensing staff believes that positive and clearly identifiable

actions should be taken in large fast reactor designs to mitigate significantly

!.-

the consequences of ccre meit and disruptive accidents.

r
Cad
O



Cacket MNo. $0-537

——— —

AR 8 1878

Yr. Lochlin W, Caffey, Director
Clinch River Breedzr Reactor
Plant Project

P. 0, Bx U

Oak Ridge, Tennossee 37830 . ;

Cear Mr, Caffey:

SUBJECT: USE OF MASH-1400 I3 CLINCH RIVER BREEDER REACTOR
(CR3R) LICENSIHG REVIEW £

On May G, 1975 the Staff issued its position on the overall design £
safety approach and criteria for tne Clinch River 8reeder Reactor. o<l
Cn2 of those critaria was that "containment integrity be provided for ;%
at lTeast 24 hours following a core disruptive accident.” As was dis- -}
cussed then with the CRBR Pronject and the ACRS, the selection of the prts
24 hour criterion was partially based on the then available WASH-1400 :
analyses of the tires to containment failure from a soectrum of core

melt scenarios.

In Tight of the Risk Assessment Review Groun's conclusions and
recormendations (NURES-CR-0430) and thu recent Cormission Policy
Staterent on this matter, the 24 hour criterion will be reconsidered
in any reinitiation of the CRSR review.

Sincerely,
- Crijina Signed by
iL 2. Caxtan

Harold R. Denten, Director
Qffice of luclear Reactor Regulation
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NASAP PSEID Volume VII
Fuel Cycle Facilities

Preliminary Comments

The stated purpose of this document is: to highlight safety and
environmental issues, identify licensing issues, and ascertain whether
concepts being considered in connection with the Nonproliferation
Alternative Systems Assessment Program (NASAP) are fundamentally

licensable.

While this document identifies systems and principal issues related to
nonproliferation aiternatives, it does not ass. s the proposed systems
o~ facilities in sufficient depth to permit definition of appropriate
licensing criteria or the potential difficulty of meeting such
criteria. It is assumed that the systems or proposed facilities would
meet the applicable local, state and Federal criteria at the time they
are proposed. However, it is quite likely that some of these systems
may never reach a demonstration phase since they may not have enough
promise to warrant appropriate funding. Nevertheless, to the extent of
present definiticn, the proposed facilities all appear to be funda-

mentally licensable on a qualitative basis.

o
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General

¥s

In general, this document touches on the principal safety and
environmental and licensing issues that would be associated with
various alternative fuel cycle systems. In addition, it also
suggests scme areas where more information will have to be
developed through further studies or future research. It does not
make a quantitative comparison of safety or environmental trade
offs 1 areas such as occupational exposure, regional exposure,
accident risk or environmental impacts. NRC believes that such
comparisons will have to be developed as part of the NASAP final

evaluations, even though they are not given in this document.

Some chapters of the document contain statements concerning R&D
requirements that are generic to the nuclear industry rather than
specific to a certain operation or system (i.e., "determine the
»erlationship, whether proportional or threshold, of :otal.radia:ion
gxposure to health"). These reguirements should be moved %2 2

general section of the document.

The EPA regulation 40 CFR Part 190 limits the allowable exposure of
an individual frcm normal effluents from most uranium fuel cycle

facilities. he requirements to meet this regulation should be



set forth early in the document, since most facilities will be
required to comply with it. [In addition, the probable existence
of a comparable requlation (with perhaps different limits) for
thorium fuel cycle facilities should be noted.

The document should be reviewed for consistency within :tself and
with other NASAP documents (e.g., p. 6-48 states the waste
repository design was based on a nuclezr power - -owth to 480 GWe
by 2000. This level is not consistent with the growth scenarios
in other NASAP documents). In particular, since the fuel cycle
facilities must support the .everal reactor concepts set forth in
the PSEID Volumes I-VI, a review of those PSEID's and the ful
cycle facilities PSEID should be made to determine that all fuel
cycle facilities required (either explicitly or implicitly) by the
reactors discussed in Volumes I-VI are discussed in Volume 7.
(Volume 1, Light Water Reactors, contains a flow sheet that implies

233,

a requirement for U storage, plutonium storage, and thorium

storage. )

=
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Chapter 1. Mining and Milling

].

Section 1.1, Uranium, contains data on radon releases from uranium
mining taken from a DOE documert dated 1975. NRC has presen

data on radon releases both during mine operation and after shutdown
to its licensing boards in 1978 and is in the process of updating
the radon value in 10 CFR 51 - Table S-3. We suggest that the
latest NRC material be reviewed to determine whether or not these

later data siaould be used in this PSEID.

Section 1.1.2, Safety Considerations, contains a statement p. 1-3,
paragraph 5) that risks of flooding resulting frcm failure of tailings
dams are decreased by the "standard practice” of requiring a 5-foot
minimum free board be maintained. NRC notes that a 5-foot free board
is often not sufficient to meet the criteria of its Regulatory Guide 3.11.
NRC therefore suggests that the last three lines of the parigraph be
written as:

“the pond area. New NRC guidance for the design

and construction or tailings dams contains guidance

on deteamining acceptable free board and require

that tailings dams be designed to preven: failure

due to a probable maximum flood."
Section 1.1.3, Environmental Considera.ions (3rd parograph of section),
may, Dy the statament "overburden...is used to backfill the mined-out

"

areas...”, convey the impress on that backfilling of mines is a require-
ment. NRC is unable to verify that backfilling of mine areas is required

in all states.

.- }
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4. Section 1.1.4, Licensing Status and Considerations (paragraph 1),
contains the statement that the Federal Government has no licensing
authority over uranium mines. NRC recommends that the validity of the
statement be verified to determire the responsibilities of the Forest
Service, Bureau of Lan! Management, and Bureau of Indian Affairs

concerning any obligation: they may have to prepare EIS'.

The second sentence of the same paragraph states that NRC reviews the
safety and environmental impacts of mines that are a part of a mine and
mill complex. The sentence should be revised to state that NRC assesses
the envirunmental impact of radiological emissions from a mine that is
part of a mine-mill complex. Since NRC does not assess all mines, we

recommend that the sentence be stricken.

5. ~Although Section 1.2, Thorium, contains some data on thorium
reserves, no data are provided on ty-preduct thorium stockpiles.
8y-product thorium might be used for an extanded periud to fuel
the eariy cores of the thorium fueled reactors. NRC believes that
a brief statement be added to Section 1.2 descridbing the amount of

therium that is projected to be available from by-product thorium.



¢ ——— o il

Chapter 2. Uranium Hexafluoride Conver<ion

1. NRC's Safety Evaluation xeports and Environmental Impact Appraisals
for the Allied Chemical Corporation UFS plant and the Kerr-McGee
Nuclear Corporation UF6 plants are available and should be cited in

Section 2.1.
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Chapter 3. Enrichment

1. The most recent data on Technetium-99 that NRC has been able to
develop from DOE data show lower technetium releases to the
environment than those given in Table 3-1. In addition, NRC's
data show the following disposition of Tc-99 in the diffusion plants:
about 30% reports to the solid waste stream, about 9% to the
liquid effluent, and 1% to the gasecus effluent. With the dominant
fraction of Tc-39 in the solid waste, we believe that some attempt

be made to account for the technetium in the solid waste.

2. NRC is unable to verify that the WASH-1543 document cited in

referance 3 was published by NRC.



Chapter 4. Fuel Fabrication

1. Although NMSS supports DOE's attempt to aggregate the discussion
of fuel fabrication of twelve fuel forms into four classes of fuel -
low gamma activity pellets; low gamma activity pellets containing
plutonium; high gamma activity pelle:s; and HTGR fue's, we feel that
mucii information has been lost by the use of the auditional Tevel
of aggregation represented by the discussion preseited in Section 4.3,
Environmental Considerations. The data in Table &-3 do not
adequately represent emissions from fabrication of 233U fuel, spiked

plutonium fuel or partially decontaminated 233U or plutonium fuels.

We believe that Section 4.3 should be revised to provide a comparison
of the environmental impacts from fabrication of the four fuel forms
considered above. Special effluent treatment systems (if any are

required) should be described.

2. Section 4.5, Research, Development and Demonstration, contains
statements that more properly should be contained in Volumes 1-6.
R, D and 0 work necessary to demonstrate fue! performance (p. 4-20,

paragraphs 4 and 9, and p. 4-21, paragraph 3, for example)

have more
to do with licensability of the reactor concept than the fuel
J

fabricaticii step.




In Sectinn 4.3, Research, Development and Cemonstration, there is
no information on any required R, D and U program on spiked or
partially decontaminated fuel. NRC h.s been no evidence that con-
ventional fuel fabrication processes can be used with spiked or
partially decontaminated fuel. Some statements should be included
in Secticn 4.5 about the R, D and D requirements for these types of

fuel,

Section 4.6, Decommissioning and Decontamination. NRC Regulatory
Guides require t'.at some information on decommissioning be submitted
at the time the initial application for facility licenzing is
submitted. Step 1 of Saction 4.6.2 carries the implication that
decommissioning planning ne« ot be initiated until \1-2 years before
the plant operations are completed. (Pige 4-27 does not make clear
that planning during the design stages can facilitate decommiss: ning.)
NRC believes that Section 4.6.2 should be revised %o convey the fact
that decommissioning is a Ticensing consider2*ion from the time of

receipt of the initial application.



Chapter 5. Reprocessing

. Section 5.4, Purex 4 Reprocessing: Coprocessing with Pre-Irradiation,
does not identify any characteristics of the "irradiation facility."
No statement concerning licensability of this operation zan be

made without some definition of the irradiation facility.

2. Section 5.6, Thorex 1 Reprocessing: Uranium and Thorium Recovery, is
based on recycling thorium after 10-20 years storage. NRC believes
that some consideration should be given to potential recycling of
thorium promptly with the U-233, and the potential need to dispose of

thorium as a waste if excess stockpiles accumulate.

3. Section 5.7.5, Research, Development and Demonstration, cites the
requirement for radfation experiments. These experiments bear more
on the licensability of the reactor concepts than the licensability of
the fuel reprocessing concept, and should therefore be a part of the

reactor PSEID's.

4. Section 5.8, Thorex 3 Reprocessing: Partitioned U/Pu/Th Fuel, contains
in Section 5.8.3, Envirommental Consideraticns; the statament, "The
presence of a plutoniuin stream will increase the transuranic content of
the waste streams and the off gas releases." A more preciss statement
would apcear to be "Use of denatured thorium cycles results in

increased transuranic content of the waste streams."



Section 5.9, Thorex 4 Reprocessing: Partitioned U/Th, Pu to Waste,
is a discussion of a Thorex variation that is not used in the
Reactor PSEID's (Volumes I-VI). NRC believes that Section 5.9 be

deleted or altered to fit one of the reactor concepts.

Sections 5.10, 5.11, and 5.12 also present fuel cycle variations that
were not considered in Volumes [-VI covering reactor concepts.
Accordingly NRC believes that these variations should be either

related to a reactor concept or deleted.
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Chapter 6. Waste Handlinrg and Treatment

Section 6.2 Geologic Disposal of Spent Fuel

1.

Section 6.2.4.1 reports *+-t the "current DOE National Waste Term nal
Storage (NWTS) program calls for the selection by 1979 of two sites
overlying suitable salt formations, followed by the construction and
startup in 1985 of one NRC-licensed repository..." Current NRC
estimates for the time between submittal of a license application

and licensing decision are 3-12 years.

Section 6.2.4.5 (paragraph 3) states that feasibility of using
dismantling to decommission a geologic repository was demonstrated on
a small scale in Project Sait .:ult. The NRC staff does not believe
that the feas‘bility of using dismantling to decommission a geologic
repositorvy #as in any way demonstrated in Project Salt Vault as claimed.
Decontamination of the mine and returning it to its owners has no
relevance whatsoever to the problems involved in decommissioning a
facility in which high-level wastes are to be permanently stored. The
concept of “dismantling" has little meaning for decommissicning of an

underground repository.



Section 5.5 Waste Dispos.! 5: Shallow Land Burial of Low-Actinide Wastes

"

Section 6.5.1 implies that several fuel cycles (PWR sniked recycle,

LWR U-233/Th recycle, Shippingpcrt Type I pre-breeder and breeder,

HWR once through (DU 235), HTGR once through, and HTGR DU 235/0U 233-Th)
will produce no low-actinide wasta. The NRC staff believe that all

fuel cycles will be likely to generate low level wastes. For example:
low level wastes would probably be generated in sigiificant amount. at
reprocessing plants (evaporator bottoms, filter elements, combustible
trash, etc.); all fuel cycles using uranium would likely generata Tow
level wastes in UF5 conversion plants; all fuel cycles using enriched
uranium only would generate low-level wastes similar to those of the

LWR once through fuel cycle.

NRC believes that the volume, chemical and physical form, and isotopic
activities in low level wastes from each operation (excluding mining)
of all fuel cycles should be estimated to permit an evaluation of the
overall impacts of low level waste disposal. (Data on Tow level waste
from reactors using the particular fuel gycle should also be given

in Volume VII.)

Section 5.5 uses the terms "low-level” and "low-actinide" wastes. It

is not clear what wastas the terms are meant to inciude or exclude.
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The basis for the 40% reduction in low-level waste from the improved
LWR once through fuel cycle relative to the reference once through
fyel cycle should be explained briefly in Volume VII.
The information on waste volumes from the LIFBR Homogeneous U-Pu/U
Spiked Recycle Fuel Cycle discussion (Section 6.5.1.4) gives data cnly
on the low-level actinide wastes from fabrication of the blanket fuel
elements. The reference cited, WASH-1535, gives volumes of solid
wastes other than high level, produced at reactors, reprocessing plants,
and fuel fabrication plants. NRC believes an attempt should be made
to provide the most inclusive tabulation of waste sources possible.
The sections in Chapter 6 on Decommissioning and Decontamination contain
very little information. In the absence of specific information on
decommissioning and decontaminating alternative fuel cycle facilities,
NRC would recommend that a discussion be provided of D&D operations
for the LWR once-through uranium fuel cycle, and thit the impacts from
D40 operations for other fuel cycles be compared with the LWR once

through cycla.



Chapter 7. Transportation

].

Sections 7.1.1.5 ary 7.1.1.10

NRC does not permit plastic bags around fresh fuel to be sealed
in order to oreclude the bag's becoming filled with water. The
reference sections should, therefore, specify that Shippingpert
pre-breeder and treeder fuel modules and GCFR fuel assemblias

are shipped in open bags.

Section 7.3.4.1

Some of information in Section 7.3.4.1 is outdated. To update the
information, ~oth the IF-300 and the NLI-10/24 should be shown as
built, and the NAC-1 should be removed from the list of currently
available legal weight truck casks and the TN added to the list of

truck casks.

Section 7.3.4.8
NRC can verify that a truck cask for the shipping of spent HTGR fuel

has not been 1 .censed by NRC.

Section 7.4.2.1
a. NRC does not know whether or not the sealed steel canisters
surrounding the high level waste would be designed and fabricated

to act as 2 Tevel of containment. We therefore recommend that *he

N
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Table 7-2. Available shipping casks for present-generation LWR spent fuel

Usual
transport  Weight  Length Diamcter Working Number available
Cask mode (in) (in.) (in.) length (in.)  Type PUR  BUR in 1927 I'! ."..'
1F-300 Rail 110,000  209.5 58.5 184 Wet 7 18 4
NLI=10/ 24 Rail 200, 000 B4 204.5 Dry 10 24 ==
TH-12 Rail 213,800%. 265 98 210 Dry 12 32
~Nail-——225;000" 283 ~===—98 210° Dy o] Qame 2o e
nEs-4% Truck 49,000 214 50 202 Vet 1 2 6
NLI-1/2 Truck 47,500 227.25  42.5 193.25 Dry 1 2 5
-8 Truck 78,000 217 68 192 bry 3 - -1
TH-9 Truck 11,600 227 68 202 bry - 1 1
—ENL=1300—==Truck — -« 51,000 ---293.25 §) e vme 238,25 7 m oMt v s Beveen Josmarmt cocmonm o we e

#Cavity-length 180 inches.
beavit y- lengih 195 " inches.

- CPlhe NEFS-5/6 cask is essentially the same as Lhe NFS-4 cask,-except-that the lead. ..
_shielding has been veplaced with.depleted-uranivm-shielding.— ..

——
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5.

words “thus providing two levels of containment” be deleted
from paragraph 1, line 4, of the reference section.
D. NRC believes that licensability of the ATMX is not Tikely in

its present form.

Section 7.4.4.1

NRC does not "license" DOE shipping containers. Although the
Government may be making shipments of transuranic wastes in licensed
containers, we cannot confirm this fact. We recommend that the first
paragraph on line 7-49 be revised to indicate only that the
Government has shipped transuranic wastes (i.a., delete the words

"in Ticensed containers" from the first sentence of the paragraph).

Table 7.2 has been updated. A marked up copy is attached.



Chapter 3. Heavy Water Production Facilities

1. This document should be coordinated with “"Nuclear Energy System
Characterization Data" which shows that HWR's would not be
introduced in the United “tates until 2003. Hence, new heavy
water facilities would probably not be required in the United States
until 2012 or so. This date should probably be given somewhere in
the discussion on page 8-1. [n addition, the date of "aftar the
mid-1990's" on page 8-6 should be changed to "about 2005 or so."

Although NRC has no current authority to license heavy water plants,
it is impessibie to project the licensing authority that might exist
in the next century if large numbers of ccimmerciallv owned heavy water
plants were to be built. We recommend that the words "currently" or
‘at this time" be added to the Statement on page 8-9 concerning
licensing status, so that the statement would read: Currently (or at
this time), heavy water production plants are not subject to NRC

licensing regqulations.

r



Chapter 9. International Fuel Service Centers

1.

Section 3.1

a.

b.

The assumption (paragraph 2) that the single reprocessing plant
at an IFSC is a multipurpose (Purex, Thorex) plant is a very key
assumption and highly difficult to be implemented. [ts hasis
should be discussed as noted below. Nowhere in Chapter 9 is there
any discussion Jf the need to develop 2 conceptual multipurgsose
reprocessing plant, or any delineation of the potantial problems
in the operation of such a plant. If the concept of an IFSC
depends strongly on the ability of a single reprocessing plant to
process many different fuels, then this fact should be stated, and
t'.e program necassary to determine the plant characteristics and
reprocessing costs should be delineated.

Although the titie of the Chapter is “International Fuel Cycle
Centers," whether or not any of the off-site reactors would be

foreign reactors is not made clear.
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The data presented in this section include cumulative spent fuel storage
requirements through the year 2025. From this presentation it appears that
no Federal waste repository would be available to accept spent fuel until
that vear. In addition, although numerous reactor types are covered and
there might be different spent fuel requirements for one or more of the
types, no provision has been made for separate reprocessing and/or spent
fuel storage facilities based on fuel differences. It would appear to be
helpful to present such a breakdown for these types of required facilities.

Section 7. Summary Tables and Graphical Comparisons

The cumulative U;0g requirements and commitments to the year 2025 in many
cases seem to be considerably in excess of known and predicted gconomic
resources for this material available to the United States. It would
certainly be helpful to indicate how the analysis of the various cases
-ompare with predicted uranium availability since it would appear that the
cumulative U30g commitments for all of the high energy demand cases from
once through and thermal recycle seem beyond normally accepted ranges of
uranium availability.

Tn all cases studied either the fissile plutonium stockpiles or the U-233
stockniles are very large by the year 2025; in fact, they amount to hundreds
to thousands of tonnes. The once through fuel cycle apuears to create the
largest plutonium fissile material stockpiles. Although thermal recycle

(of uranium only) reduces the plutonium stockpile by a factor of about 2,

it does so by producing a large amount of fissile U-233 and results in even
larger stockpiles. The introduction of the breeder seems to reduce the
fissile material stockpiles by the greatest amourt. Since stockpiles of
fissile materials are one concern of proliferation resistance, consideration
of this aspect of proliferation re. istance would apparently tend to favor
introduction of the breeder. Since the objective of the NASAP work is to
identify ways of improving proliferation resistance, it would appear that
some of the cases should have Leen designed to minimize stockpiles of fissile
materials and thus be responsive to this proliferation resistance concs~n.
There has been apparently no effort in this regard and tnis appears t0 (e 2
key weakriess of this very voluminous report.

summaries of fuel fabrication and spent fuel requirements are noted for the
year 2025. Since a number of ¢ifferent reactors are involved, many types

=f fuel will also be invelved and different types of fuel faprication piants
and soent fuel storage facilities will undoubtedly be required. The needs
for the different types of facilities should be delineated.
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ATTACHMENT 2

PRELIMINARY COMMENTS Qi PRELIMINARY SAFETY
AND ENVIRONMENTAL INFORMATION DOCUMENTS
FROM A SAFEGUARDS PERSPECTIVE

Introduction

NRC has reviewed the Preliminary Safety and Environmental Information
Documents (PSEID's) from a safeguards perspective, and found that these
volumes do not adegquately address safeguards concepts, systems design,

operations or issues.

We find the technical descriptions and assessments of the various fuel
cycle processes and reactor concepts provided in the PSEID's do not provide
a basis for direct, specific comments on known or suspected sa ‘eguards
fssues and problems that could arise from implementation of *hese systems
on a commercial basis. OQur comments concerning safeguardability of these
nuclear systems are, therefore, for the mos* part generic in natur.., We
note that z companion document assessing safequards issues will be issued
as 2 separate report by DOE.(PSEID's, Foreword, page i, paragraph 4), We
beiieve that this Jocument, as described, should provide a firmer basis or
NRC review of specific safequards issues. Tc the extent possible, we have
applied the apprcach outlined in the "NRC Review of Safeguards Systems “or
NASAP Altermative Fuel Cycles," (NRC proposed revision datad Aprd] 27, 1978,
of the DCE draft, same subject, dated February 13, 1973) as the basis “or
this review of the PSEID's. For vour convenience, 2 cepy of this document

is attached (see Enclosure 1),
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The following section, Generic Safeguards Issues, focuse; on. the major

features that distinguish the NASAP candidate fuel cycles from each other

any from the reference urantume-plutonium fuel cycle. The objective is to

fdentify known or suspected safeguards issues and problems which might

have an impact on licensability of these nuciear technologies, on nag{h-

and development needs, costs, or significantly delay their commercial —
implementation, Of course, these Hr'a'd'!ngs are preliminary and should not

be interpreted as commiting the NRC to specific positicns in future 1i-

censing actions, Specific comments keyed to the PSZID's are provided in

the final section of this paper.

" Generic Safequards Issues

A. Seiking
The main safeguards issue presented for NRC consideration is the

relative effectiveness of spiked fuel as a safegquards measure against
nuclear weapon proliferation which might evolve from exported fuels
(Appendix A, Volume III), Exported unirradiated fuel which affords
nuclear weapen potential would be spiked to emit radiation levels
comparable to spent reactor fuel. If diverted by the {mporting
country for use in nuclear weapon development, the fuel must First
be processed remotely before such use. [t is hypothesizad that the
difficulty and time imposed Dy the remote processing requirement
asscciated with spiked fuel would be squivalent tc that for obtaining
weapon grade material from spent reactor fuel. This stated belief,
in 1iaht of the purpose of the alternate fuel cycle studies, gives

the impression that potential weapon grade material contained in spent

L ~ -!- ~ r:_
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reactor fuel or spiked fuel is protected effectively against national

diversion to ruclear weapon development.

In a safequards analysis of this spiking concept for deterrence (as
opposed to spiking for purpose of detection), we suggest the foregoing
impression be clarified to avoid possible misunderstandings relative
to the nature and degree of protection actually zained by spiking.
From the standpoint of national capabilities that couid be focused
upen the problem, remcte pracessing appears to be a relatively minor
chemical precessing hurdle to overcome for any technologically advanced
nation that chooses to do sc. India, for example, is the most recent
nration to accomplish this, as demonstrated by detonation of a nuclear
explosive device fabricated from weapon material apparently obtained
from operating reactors. Thus, from a naticnal perspective, the
remote processing of spiked nuclear fuel can lecgically be considered
more of a nuisance to solve than a truly effective cbstacle against

nuclear weapen proliferation.

There is always risk that some nation possessing spent fuel will divers
it to nuciear weapon development. The same level of risk would orevail
in the case cf exported spiked fuel. Thus, rather than providing an
effective safeguard barrier against proliferation, spiking normalizes
the difficulty of diversion equivalent to that characterized by spent
fuel. In short, spiking cannot reduce the risk of diversion %o auclear
weapon develcpment; it merely assures that such diversion is not made
2asier 0 accomplish than it would ba for the spent “uel, wnhich many

nations already pDossess.
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NRC staff views presented in NUREC-0414, (Reference 1) "Safeguarding a
Oomestic Mixed Oxide Industry Against z Hypothetical Subnational Threat,"
dated May, 1978, concluded that, "while spiking is technically feasible,
other measures,..could provide improved safequards benefits with markedly
less petential for societal impact.” It must be noted that this study
focused on the feasibility of safeguarding a domestic mixed oxide in-
dustry from a subnational threat, rather than national diversion, aﬁé.
that international considerations and nuclear proliferation were be&ond
the study scope. Although the Commission has not addressed this specific
policy issue or approved this staff conclusion, the issues raised in
NUREG-0414 and other reports (Reference 2, 3, 4) concerning the
effectiveness, technical feasibility, practicality and relative ad-
vantages and disaavantages of spiking would have to be addressed and
answered definitively before a decision to employ this techn‘que could

be considered,

Secause of the extremely dangerous levels of radicactivity invulved,
sefking may be expected to have profound effects on technical safequar-s
and to raise a host of requlatory issues. These are discussed briefly

s -
below .

3. The Effect of Spiking on Material Accountabilisy
The high camma activity of the spikants would greatly complicaze

the taking of samples for chemical analysis and somewhat comnlicate

*Much of the following discussion is drawn from or Sased on the 3rookhaven
National Lahoratory Report entitled, “Safequards “ar Altarmative “uel
Cycles,” datad February 23, 1979, Refarence 2, anc sther referencad
material,



the analysis itself. Fabrication plants would be most affected,
since reprocessing plants already have to contend with highly radio-
active materials for analysis. Most nondestructive assay technigues
would be rendered incperable by the high camma levels., This is par-
ticularly true of those techniques that rely on measurement of the
gamma rays from the plutonium or uranium and of techniques using
gamma-sensitive neutron detactors §., organic sc1nt111:tors in
certain types of coincidence counters). Isotopic assay by gamma’
spectrometry would be impossible., Measurement of scrap and waste,
now best done by nondestructive methods, would be made muzh more
difficult, requiring either a return to the less satisfactory
sampiing and analysis methods, or the development of new, gaima-
insensitive, nondestructive methods. Both quality control and

assay of fabricated fuel rods would be much more dificult to

perform,

The incapacitation of most nondestruc:fve assay methods would make
it very difficult to perform resl-time or near-real-time accounta-
bility in bulk processing plants. Physical inventory taking would
be slowed considerabiy, both because of the unavailability of non-
destructive techniques and bDecause of the difficulty of taking
sampies for analysis. COperators would he reluctant %0 %take mere
than the bare minimum of samplies, because of the cumbersome nature

of the cperation.
g 1 o
5 /
)L ! L~-’6

As & result of these oroblems, the material bSalances would be expected

to ba Tess accurate than in the absence of soiking,
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[nspection activities, both domestic and intermational, weuld be
hampered. Nondestructive assay has been used by NRC inspectors to
cut down the number of s.mples taken for verification of inventories.
Spiking would therefore increase the sample load sent to the New
Brunswick Laboratory for analysis. The high radiatior levels from
materials on inventory and the requirement for remote operations
would make the takiny of samrles by inspectors more laboricus and

" time-consuming., . IAEA inspectors, likewise, depend strongly upon
nondestructive issay for verification purposes. The timeliness of
both NRC and TAEA wt *ification of material balances can therefore

be expected to be reduced as a result of spiking.

[t has been suggested that the gamma rays from the spikant could

used t3 aid nondestructive asiay. This would require that the ra:ic
of spikant to fissile speciés £e accurately known (%0~ % or better)
throughout the fabricatioﬁ process. The feasibility of such an

aperoach remains 0 be demonstrated.

The Choice and Maintenance of Spiking Levels

If spiking were adopted, 'RC wouid have %o detarmine aporooriate
spiking Tevels., These would be incorporated 11to the regulations
gcverning the overaticn of processing ?aci?f:ie; The NASAP prograp
has proposed 2 Tevel adequate to procuce a zamma radiacion field of
100 R/hr at 1 meter from a 1 kg mass of plutonium twe years after
separation. This would be achieved by a combination of fission-
product retention during reprocassing and the additieon of :oec at

scme pcint before the product stage.
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The ability to provide such spiking levels and maintain them during
the subsequent fabrication process has not been demonstrated. There
are uncertainties in the fraction of fission-product ruthenium and
zirconfum that can be retained during reprocessing. The high temper-
atures used to sinter oxide fuels will require the spikants to be

present in non-volatile forms (most cobalt compeunds are ncn-volatile).

The relatively short half-life of the fission products ngs #64 days)
" and Rums (368 days) will require timely recycle of the recovered
fissile material, or else the radiation 1éve1s will fall below the

desired value. Again, Co60

would be especially useful in this regard,
because cf its relatively long (5.27-vear) half-life. Spent fuel
older than a few years (e.g., 5) will have essentially no ngs and

106

insufficient Ru for adequaie spiking., * Fissile material recovered

from this fuel would have to be spiked entirely with Cosg. An impor-
tant factor in considering this spiking scheme is therefore the

60

adequacy of the Co™~ supply to meet the growing demands of a recycle

or LMFBR industry. NASAP has not provided data on this question.

Regulations will alsc have to be developed for dealing with inter-
mediate or fabricated fuel materia’s that are stored for long
periods of time, a lcwing the r:ziaticn Tevels %o drop below
acceptable values. Measures would also have <o be taken %o ensure
the maintenance of adequate spiking Tevels during or immediately

after the purification of dirty scrap.
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Reconciliation with "ALARA" Philosophy |
NRC requires that exposures of the public and workers tc radfation

from activities of the Ticensed nuclear industry be kept "as low as |
reasonably achievable" (ALARA). The use of spiking may increase the

exposure of workers and the public under either routine or abnormal |
(1.e., accident) conditions, and therefore would be difficult to
reconcile with this philosophy.

Possible Requirement for Znvircnmental Impact Statement
Spiking may have substantial adverse effects on the environment .
through the production of increased amounts of radicactivity (e.g.,

Coso) beyond those necessary for the generation of electric power.
There may be a sfgnffi;ant increased potential for accidental release
or exposure., An environmental impact statement may therefore be
required. It would have to include a cost-benefit analysis and a
consideraticn of altermatives. Since NASAP arose out of foreign
poiicy considerations (non-proliferation), NRC would have to justify
imposing the spiking requirement on the domestic industry primarily
to achieve foreign policy goals. Both establishing the authority to
act primarily out of these foreign policy considerations and demen-
strating that the resulting benefits outweigh the risks (or costs)

might be difficuylt.

In any event, an envircnmental impac: proceeding prebadly would

invelve appreciable delays.
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Physical Security Requirements for Spiked SNM

NRC's proposed upgrade rules wouid subject irradiated SNM, defined
as SNM "not readily separabie from other radicactive material and
which has a total external radiation dose rate in excess of 100 rems
per hour at a distance of 3 feet from any accessible surface without
intervening shielding," to the 3amt physical protection requirements
at fixed sites as other SNM,

" SNM spiked in accordance with the NASAP criterion would presumably

come under the uograde rule, However, spiked fuel materials are not
precisely the same as irradiated fuel, since the former may exist

in intermediate rurms (powcers or pellets) which are more easily
shielded anc transported than whole reactor fue' e’aments. NRC may
therefore consider whether or not there s a need to apply physical
security requirements similar to those recently imposed on spent
fuel shipments to shipments of spiked SNM, spikants, and high level
wastes emanating from production facilities for these nuclear

materials.

Effect of Spiking on Quality Control of Reactor Fuels

At present the quality control of reactor . els requires stringent
inspection of the fuel rods and assambied elements. This is done
by "hards-on" mecheznical inspection and NCA scanning for non-
uniformities, "rogue” peilets, etc. Spiking the fuel before
assembly into elaments would require the mechanical inspection %o

be done remotely, while new NDA methods, not affected by the intense



gamma-ray background, would have to be developed. It was noted
garlier that these NDA methods are also used to assay the fuel rods

and therefore are important for material accountability.

g. Possible Legal Consequences and Potential Liability

The intentional use of a spiking material or radicactive sieeves
to provide lethal, or near lethal doses of radiation to a thief who
steals or attompts to steal nuclear materials may subject the fuel

' owner and/or his agent to §1v11 and criminal Tiabilities. Although
this specific issue has not Seen addre: ,ed by the courts, the
intentional use of a "dangerous device", "instrumentality”, or
“trap" has been iewed By courts with disapproval, when the “trap”
is used to protect proper:y ty eprs1ng the thief to death or
serious injury. There may be grounds for a national defense and
security exception for use of spikants in this proposed rule, but
recent court cases 1ndjcate a narrow interpretation and application

of this legal concept.

In summary, there are sericus questions concerning the legal justi-
fication for application of spiking and resultant 1iability in the
event of death or injury caused by nuclear materials spiked by NRC

order,

Coprocessing

Coprocessing means the processing of miitures of uranium and plutonium
or their comoounds in such a way that the plutonium is always diluted

by uranium. Most oftan the term is ised for a possible mocde of operatien
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of spent-fuel reprocessing plants in which the product consists of a
mixture of uranium and plutonium oxides, co-precipitated from a mixture

of nitrates in solution.

Thermal recycle fuels typically consist of mixed uranium and plutonium
oxides with a plutonium cuncentratfon of 2-5%. Feed to a mixed-;;;;:~“-~~__
fabrication plant would have to be somewhat higher than this to allow

for blending; a mixture with 10% piutonium oxide has been suggested.

Fast breeder reactors require higher plutocnium concentrations; mixed-

oxide feed to an FBR fuel fabrication plaii. would probably have a

plutonium oxide concentration of about 25%.-

The major safeguards advantages of coprocessing are the increased
quantity of material that a diverter would have %o take for the same
amount of plutonium and the increase in the time and resources required
to convert the mi  oxide to a form suitable for use in an explosive
weapon. The conczntration of plutonium in mixed oxides for thermal
recycle fuels would probably be too low for direct use in an axplosive.
This may not be true for F3R mixed oxide feed, with its much higher
concentration of plutonium. In both cases the maximum allowablie per-
centage of plutonium would have to be sat Sy NRC requiaticn, and the
values selected wou'd have %o be based on a consideration o? both the
practical needs of the fabricaticn plants and the explosive utility of

mixed oxides as a function of plutonium concentration.

The needs of the fabrication plants for large batches (master hlends) of
mixed oxides with specific plutonium concentraticns and fissile composi-

tion would probably recquir. blending at the reprocessing plant,
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either in the 1iquid nitrate or in the corverted powder stage. If the
former, then large nitrate storage and mixing tanks with associated
pumps and piping would have to be provided and safeguarded, possibly as
2 separat? material balance area, Identification of the accountatility

problems in this area would require detailed analysis.

Scrap recovery facilities processing dirty mixed oxide scrap will have
to De operated in a coprocessing mode also. Accountability sheuld be

essentially the same as for facilities producing separated oxides.

The Use of U-233-Th Fuels

A number of the fuel cycles proposed by NASAP involve the use of U-233-
Thorium fuels., Compared with plutonium, U-233 has the advantage that
it can be denatured (i.e., randered unsuitable for direct use in an
explosive) with U=-238; this advantage is shared by U-235, of course.
The use of denatured fuels is discussed in a separate section. This
section will concentrate on the general safeguards problems of U-233-

Thorium fuels.

Present NRC regulations treat U-233 as similar to plutorium rather
than to U-235. Thus, U=233 occuring in any enrichment is c-eated as
strategic special nuclear material (SSNM), whereas uranium must be
enriched to 20% or more in U-235 to be 350 treated. For physical
protection, guantities of U-233 are the same as those of plutonium and

two-fifths those of U-235.

There is little experience with the commercial reprocessing of highly

frradiated thorium fuels. Some fFabrication nas seen per<armed “or <he

-
G
(L



1ight water breeder reactor program. It is tierefore difficult to say
at this stage whether present NRC material accountability regulations
can be met in commercial size reprocessing and fabrication plants for
U=233-Th fuels. Most likely it will be necessary to operate pilot
plants owned by or under contract to the Federal government for a

period of time in order to gain experience with these matsrials.

The unique characteristic of U«233 fuels is the high radiation levels
assbciatnd with the presence of even trace quantities of U-232 and its
daughters. The levels are high encugh to require remote fabrication.
This has the advantage of limiting physical aczess to the material.
However, it alsoc greatly complicates the assay of U-233 by nondestructive
techniques, because of the high gamma activity from U-232 and its .
daughters. The magnitude of this gamma background depends strongly on
the.age and processing histories of both the U-233 and the thorium in
the fuel mixture. For a given amount of U-232 the older the U-233
(i.e., the longer the elapsed time since its last purification) and the
thorium the larger is the background. For scme U-232 concentrations and
ages likely to be encountered in any U-233 recycle program, this back-
ground will compietely swamp the gamma rays from U-233, Large back-
grounds will be produced in any gamma-sensitive detactor, whether or

not used for gamma detection (e.g., organic scintillators used for

" neutron detection). Nondestructive assay techniques will thersfore

have to be developed for any fuel cycle using U-233. Some effort along

-

O -, = 2 (s) .
these lines has already been made in the HTGR recycle program'”’ but

-

it was crimarily of an exploratory nature. The feasibility of performing
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real-time accountability in U-233 fabrication plants will depend on

the successfu! outcome of such efforts,

Accourtability in reprocessing plants for U-233-Thorium fuels would be
less affectad hy the radiation from the U-232 decay chain because most
assay ir plants of chis type is by standard chemical anmalysis, and radia-
tion levels in much of the process, due to fission-preduct act’%vity. are
diready very high. The more difficult chemistry of thorium may cause.
problems for accountability because of it: tendency %o po1ymcr1£e in

solutions.

The verirication activities of NRC inspectors will be hampered by the
high radiaticn levels in U=233 fuels. As with spiked fuels (but to a
lesser degree), the taking of samples will be laborious and time-

consuming, and the samplies will have to be sent off-sit2 for analysis,

with an attendant loss of timeliness.

Physical security for U-233 fuels should be better than for plutonium
fuels because of the remote nature of the fabrication process and
because of the abundant and penetrating gamma rays “rom the U-232
dauchters (principally, thess fr-r Tizce), which should resylt in a

greatly increased sensitivity o Jetection By portal racdiation ucn: tors.

In summary, a great dea] of development and demonstration of accounta-
biT1ity techniques will have to be done for U-233-thorium Fuels before
it can be shown that NRC regulatory requirements car be met, narticularly

if those are extended o include real-time accountabilisy.
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Oenaturing A
Denaturing may be defined as the addition of a non-fissile isotope to a

fissile isotope of an element in such proportions as to make the fast
critical mass of the mixture impractically large for a niclear explosive

weapen.

Since all the isotopes of plutonium have appreciable fast-fission cross

sections, plutonium cannot te denatured, The fast-fission cross section
of U-238 is low enougf. however, to allow the fissile isotopes U-233 and
U-235 to be denatured by its additien.

The choice of a threshold enrichment for denaturing is important. It
will be noted that the definition given above does not imply a sharp
enrichment cut-off, Such a cut-cff could be defined as the enrichment
at which the fast critical mass becomes infinite, but this choice would
limit the use of U-233 to enrichments in the nei-~hberhcod of 3% and U-.35
to thrse in the neighborhood of 5%. NRC regulations define a threshold
enrichment of 20% for U-235-bearing materials to be considered stratsgic
special nuclear material, subject to the full requirements for physical
security. This correspcnds to a bare spherical critical mass of 850

kg of U, The enrichment in U-233 at the same critical mass is about

12%, which is usually assumed to be the threshczd enrichment for dena- .
turing of U-233 fuels in NASAP studies. The use of appropriate
reflectors may substantially reduce the total mass of a nuclear exe
dlosive, however, and NRC mav want to ~eview the data for U-222 hefore

selecting an enrichment 1imit for uranium containing this isotcpe.

-

.
s
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Enrichment 11mﬁts.for uranium containing both U-233 and U-235 may also
have to be set. Another ~onsideration that may enter into setting
threshold enrichments (o: uranium containing U-233 is the greater ease
of separating this isotope from U-238, compared with that of separating
U-235,

The effect of the decay of U-232 and its daughtars on the nondestruct1ve
assay of U-233 fuels has been noted in the previous section. This affact
will occur in denatured U-233 fuels as well, of course, and will subject
material accountahility for these fuels o all the disadvantages already
noted. However, since by definition denatured fuels are not useful for
nuclear explosives, the consequences of the somewha; Tower accuracy of
material balance and the impairment of the prospects for rzal-time

accountability are not as serious.

In some of the fuel cycles involving denatured U-233 fuels, such . the
LWR, substantial quantities of plutonium apoear in the spent fu.i. The
fuel will therefore have to be reprocesssed Sy a combination of thf Purex
and Thorex processes. Very little, if any, experience in reprocessing
such fuels exists, and therefore it is very difficylt %o say how well
N3C's accountapility requirements can e met in such a 1eprocessing
plant, at least without detailed study. Certainly the chemical analysis
of such mixtures will be more difficylt than that or ordinary spent LWR

fuels.

The disposition of the plutonium separated “rom spent denatured fuels of

this type is alsc imoertant. [t may se either storad, for eventual use
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in the fast breeder reactor cycle, or recycled in “secure" energy centers,
In the former case, neither the form of nor the responsibility for
storage has been worked out, I[f the Federal Government accepts respon-
sibility for storage, NRC may not have a safequards role, I[f storage is
in Ticensed facilities, the safeguards problems will be, generally, those
already considered in the GESMO proceeding. Accountability for plutonium
in storage is particularly simple if it ic stored in discrete containers.
each containing a few kg of Pu., Surveillance devices could be incor-

porated to give an instantaneous alarm in case of tampering.

[f the plutonium recovered from spent denatured fuel is recycled in energy
centers, the safeguards technical problems are essentially the same as for
the U-Pu cyc e, with the madifications associated with the physical and
administrative nature of energy centers. The safequards requlatory

issues invoived in the operation of a multinational center are a related,
but separate issue. An additicnal complication would arise from the
cccurrence of non-denatured U-233 in the blanket of a Py-U-Th breeder,

Sut the U-cl3 could be denmatured during the recovery precess or shertly

thereafier,

To conclude, the major safeguards technical problems associatad with
denatured U-232 fuels are those common 0 any fuel using U-233, discussed
in a previous section; the lack of experience with the reprocessing of
mixed U-Pu-U-233 fuels and refabrication of the denatured fuel. An
imper-:ant requlatory issue is the threshold enrichment at which U-232

is consideres %o be denatured,
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The Use of Heavy Water as a Mcderator

Introduction

One of the altermative fue! cycles under consideration in the NASAP
program is based upon the use of heavy-water reactors (HWR's). There
are two important safeguards problems associated with the use of this
type of reactor; the availability of heavy water in large gquantities,

and on-iine refuelling.

The significance of heavy water for safeguards is that 1% can be used
to moderate reactors fueied with natural uranium, and these ca: be
Jsted to produce plutonium. A substantial commitment to the heavy-
watrr reactor “iel cycle in the U.S. would probably, therefore, re-
quire the impesition of safequards on heavy water, not now required
by NRC regulations. Safequards would be requi-ed on the heavy water
in reactors, in the concentrators for contaminated (i.e., light-water
diTufed) heavy water, in preduction facilities, and in storage.
Safequards would consist mainly of material accountinag and sur-
veilTance and containment. Sinci heavy water cannct be used di-
rectly in an explosive and is net highly toxic, pnysical protection
mas not be required for safequard: purposes. However, the tritium
centent of irradiated heavy water 'resants a radiclogical safaty

hazard,

The safequarding of nuclear materia at heavy water power reactors is

generaliy accepted as more difficul: than at light water reactors

decause of the foilowing considerations:
- High frequency of refuelling

L / / '
- Large number of fuel Suncles in the inventory! S
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- Small size of individual fue! pins and bundles
- Inaccessibility of the core (and sometimes the spent fuel)
for verification purposes.

Almost all heavy water power reactors are refuelled on a continuous
basis without reactor shutdown. Spent fuel is removed and fresh fuel
is added curing the operation by means of remotely controlled ra-
fuelling systems. The storage ot spent fuel in storage Daskets,
often stacked in close-packed three-dimensional arrays, makes fuel
bundle counting and verification difficult, if not impossible. The
continuous refuelling process places an inherent Timitation on the
use of seals for safeguards purposes. Further, ;he large inventory,
the frequency of refuelling, and the resultant inventory turnover
imposes 2 need for more safeguards attention than required by light

water reactors,

The IAEA is concermed with the possibility of misuse of heavy water
reactors or unu.cfartﬁ irradiation of reactor fuel, especially
natural uranium, ConsfderapIe reliance is placed upen asptical sur-
veillance, item counts, and periodic checks of operating records %o
detect any undeclared activities, Considerable R&D s being sponsored
by the [AEA to develor systems and components for uperading safecuards
capabilities for heavy water production plants, storage facilities,

(8)

and reactors' "/,

If NRC is. to require safeguards on heavy water it must decide ¢on the
minium amount of heavy water of safeguards significance, and the

threshold concentration of 0,0 in water for safeguards 5 asply.
2 .



Since heavy water would be safequa-ded soic}y in ;ho-interests of
non-proliferation, the values of these parameters should be at least
consistent with internaticnal commitments. Safeguards on heavy water
are not required under the NPT-INFCIRC/153 system of the [AEA, but
may be under bilateral or trilateral ;greements or voluntary ——
submissions. Historically, the. IAEA has accepted the responsibility
or applying safeguards to he;vy water when so requested. It is not
r wwularly safequarded under NPT becausa heavy waéer is not includea
in the definition of nuclear material by the IAEA., The technology
of scfeguarding heavy water is not well developed, and the ease of

evaporation of water is a special! problem.

It should be noted that safeguards, including accountability, are
required by the Dapartment of Znergy for heavy water under its

control(7).

[oternational Safegquards for Heavy-water Production Facilities

For heavy-water production facilities of commercial size (a* least
200 Te of 0,0 per year), present accountability techniques appear
to be too inaccurate o detect the dive:i .ion from the extraction
process of the minimum quantizty (~10 Te) of ch required %0 supply
the initial Inventory of a small plutonium production reactor
\annual production rate 8 kg Pu). Safequarding such a plant weuld
therefore r ;ire improved accountability technicues or increased
reliance on surveillance and containment. This conclusion is
tentative, since a carefyl analysis of the material .alance

problems in such a plant has not deen 4one.

> —



The finishing process, because of its much smaller flows, is more
amenable to material balance techniques, and it appears that present
methods have sufficient sensitivity to detect the diversion of signi-
fizant quantities of DZO. Improved design of this part of the process
could reduce the present uncertainties even further., Surveillance

and containment tachniques would nave to be develcped to detect

undeclared feed or product.

Because of the extremely large flows through such plants, NRC
inspecticn would be facilitated by on-line, recording, flow and
assay devices for feed, product, and waste., Portable nondestructive
assay instrumentation for the measurement of concentration would

also be useful for inspection purposes.

It appears that applying safequards to su:zh a plant would 1nvolve
problems different from those NRC has eacountered in other types of
safeguarded plants so far, Considerable development of criteria
and methods for safeguarding large plants of this type would have
to be undertaken if they were t0 become a reality in the U.S.
Ticensed industry. Such development could prefit from the exper-

ience of UOE and the Canadians in this area.

“afeguarding of Heavy Water in Storage Facilities

323 is usually stored in 55-gallen drums. -A storage facility may
contain hundreds or thousands of these. NRC would have o develop
sampling plans and metheds for verifying the content of the drums.
Portable instruments for verification would .reatly reduce the

timeliness of detectioen.
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Sutstantial amounts of 0,0 may also be stored at or near reactors.

The probiens of accountability and verification will be similar.

In general, the technical problems of safeguarding storage facilities
for 020 would appear to be small compared with tiose for production
facilities; however, the sconomic and operaticnal impact would

probably be significant. -

Storage of Spent Fuel

A once-through fuel cycle implies the indefinite, perhaps permanent,
storage of spent reactor fuel in repositories. According to the Energy
Recrganization Act, NRC would have the responsibility for regulating
the health, safety, and safequards aspects of such reposifories. even
if operated by the Federal Government or a multirational agency. Under
present [AEA regulations, there would appear to be no grounds for
terminating safeguards, unless spent fuel were classified as residues.
NRC would have to ensure that safeguards on such repositories were

carried out in a manner consistent with IAEA requirements.

Safeguards for indefinitely stored, retrievable spent fuel would consist
primarily of periodic assurance of the presence and integrity of all
fuel elements. This would be accomplished by a combination of sealing
and surveillance cperations, The large number of such elements at 2
tral repository would put a premium on the ability to seal off groups
of elements or wnole sactions of the repesitory. [f a seal were broken
(as could happen accidentally) it would be necsssary to re-inventsry the

affected area. This would imply a capability “or clcse inspecticn,
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either visually or instrumentally (e.g., by radiation signatures). The
ability to do this would depend on how the elements were stored (whether
in air, on the surface or underground, etc.). Possible problems zan be
identified only for specific storage schemes,

Irretrievable (presumably underground) storage coes not appear to pose

any serious domestic safequards problems. It is barc'v conceiyable that

a non-governmenti] adversary could gain access to fuel stored in this
manner, and periodic inspection should detect any serious attempt. Hh;t
the requirements of the IAEA would be for the safeguarding of irretrievably
stored fuel are unknown at this stage, so an assessment of the problems

of the NRC in assuring compliance is premature.

Material Control and Account.bility (MCA)

Although the subject area has been addressed, to some extent, in previcus
sections, the following pruliminary comments summarize the major NRC
staf concerns with regard to potential MCA safeguards issues and

problems.

a. The NASAP PSEID's assume that dynamic real-time accounting will
replace periodic clean-cut physical inventories. NRC has not yet
determined that such a system will be a suitable replacement for
the assyrance intended to be provided by physical inventory

requirements,

5. Research and development will be needed <o develcp ways of assessing
the adequacy of automated MC3A systems. The NASAP repores discuss
the need for new NDA instrumentaticn fcr materials not currently

-
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measured in high throughput facilities, and for remote, shielded
measyrements, Ty chis should be added research and development on
measurement cortrol procedures (calibration, standards, maintenance)

far such instruments.

¢. Accountability problems of hcld-up and clean-out in high throughput
facilities, particularly in radicactively hct processes, need to be

examined in detail before licersability can be determined.

d. The PSEID's do not provide sufficient safeguards data to determine
whether or not proposed MCA procedures (Volume VII) would meet
cJrrent. MUF/LEMUF regulations for fuel fabrication and reprocessing

facilities.

Instituticnal and International Considerations

This section discusses known or suspected safequards issues and problems
which could arise from implementation of U.S. laws or U.S. international
commi tments. Som of these instruments are in place (e.3., the Nuclear
Non-Proliferation Act of 1978), some are being developed (e.g3., the
US/TAEA Safeguards Agreement), and still others !ﬁerﬂy contemp . tad
(Multinational Fuel Cycle Centers). As 2 result, the following

section is, in la.ge part, speculative. o

Implementation of an alternative fuel cycle would directly affect

import and export licensing requirements and could recuire additional

safeguards measures. Given such implementaticns the expert licensing

requiremerts imocsed by the NNPA ana, perhaps, NRC regulations (10 CFR
Part 110 and other applicable Parts) altared or chanced.
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In the international area, ongoing and future moves to strengthen [AEA
safeguards might lead to more stringent measures being emplaced by the
IAEA, The selection of an alternative fuel cycle and of appropriate
safeguards variations chould take intc account how current [AEA tech-
nigues may have to be altered to accommodate alternmative nuclear
materials and processes. In addition, US/IAEA interaction through

the Safeguards Agreement may necessitate changes in the U.S. domes’.:ic

regulatory structure.

Potent<z] fssues and problems that might arise from implementation of a
Multinational Fuel Cycle Center (MFCC) are difficult to characteriza

in detail. There is a wide spectrum of possible institutional arrange-
ments within which an MFCC could be implemented involving varying
degrees of participation and authority by national, internationmal. and
corporate entities. The central issue is the problem of defining the
organizational participation and defining the linas of authority and
responsibilitv. [t appears necessary to study and define what
Congressional and agency positions would be necessary $o establish

an MFCC, In addition, the major issues involve the role and authority
of U.S. agencies and interagency elements (if needed), Since the
principal incentive for joi-ing an MFCC is assurance 2f nuclear fuel,
it is necessary to determine what types of fuel assurances should be
given, Further, issues arise with respect 0 marketing commitments,
srivileges and immunities which may be needed, the need iz transfer
sensitive technology (yet adecuataly protect classified and preoprietary
information), whether sanctions should be emploved €ar noncompliance,
and, if so, their nature, Admittedly this listing is inccmpiete ang

is intanded only to highlight major areas of :anceﬁaqf / i 6
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Specific Comments
PSEID, Fuel Cycle Facilities, Volume VII

Chapter 5, Reprocessing _
The need for an irradiation facility for coprocessing and pre-irradiation
of spiked nuclear fuels and for special facilities for receipt, storage,
and handling of spikant material are discussed in section 5.4 and 5.5,
respectively. Information on the operatiocnal characteristics of these
processes and facilities are not provided. Su.h infocrmation is
needed to provide a basis for judgement concerning their potential

safeguardability and licensability.

Chapter 7, Transportation
The implementation of an alternative fuel cycle using spiked fuels or
mechanically attached radioactive shields would introduce large
amounts of additional radicactive materials and radioactiQe material
shipments into nuclear commerce., The data presented imply fue!
shipments could increase by factors of 7 to 10 for the spiked fuel
cycles as compared %o the reference cycle (sect1on/7.2). The shipning
requirements t3 support production fabrication and distributicn of
spikant materials and sleeves would be superimposed on the spiked
fuel shipments ncted above. These shipments would present potential
acditional targets “or sabotage. Although this chapter addresses
the potential risk of radiclogical release that might develop from
ccident conditions, the potential consequences from an act of

sabotage are nct consicered,
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NRC and DOE have ongoing research programs to character!ze the
potantial radiological source term that could arise from explosive
breaching of a loaded LWR spent fuel shipment and %o estimate
potential health consequences. It is uncertain as to whether or

not these efforts will provide sufficient information as to source
term and health consequences of explosive breaching of sriked fuel
shipment or a shipment to which 2 spikant sleeve has been mechanically
attached. Add?tio}\al research and development may be required in

this area,

™
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ENCLOSURE

NRC REVIEW OF SAFEGUARDS SYSTEMS FOR NASAP -
ALTERNATIVE FUEL CYCL: MATERIALS

8ackground =
The procedures ana criteria for the issuance of domestic licenses for

possession, use, transport, import, and export of special nuclear ma-

terial are defined in 10 CFR 70, which also includes requirements for

nuciear material control and accounting. Requirements for physical
g q Y ~——

protection of plants and special nuclear materials are described in

10 CFR 73, including protection at domQSiic fixed sites and in transit
aﬁaznst attack, acts of sabotage ané :heft; " NRC has consice}td wneiher
strengthened physical protection may Se required as a matter of prudence.
Pro.vsed upgrades to 10 CFR 73 have been published for comment in the
Federal Retister (43 FR 35321). A reference system described in the
srocosed upgrace rules is considered as but one rtprts;ntat1ve approach
for neeting upgraded regulatory requirements. Other systems might be

designed to meet safejuards perfcrmance criteria for a particular site.

neg’P Safecuards 8asis

The cesired basis for NRC review of safequards systems for NASAP alternate
fuel cycle materials containing significant quantities of strategic special
nuclear materi§i (S3NM)*, greater than § formuia kilograms**, during do-

mestic use, transpor:, impeort, and export tc the port of entry of a foreign

country 15 the reference system descrided in the current regulaticns anc

* >20% 2333 in yranium, >12% 233U in granium, or slutoniui
-~ * o° ’ e 1 il

23 27
*= formula grams = grams contained 235y« 2.5 (grams °=~U + grams
slutonium); ref. 10 CRF 73.30.
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the proposed revisions cited above. The final version of the proposed
nhysical protection upgrade rule for Category [ material is scheduled

for Commission review and consideration in mid-April. This proposed

rule is close to being published in effective %orm and, together with
existing regulations, will provide a sound basis for identification of
possible licensing issues associated with NASAP alternative fuel cycles.
This regulatory base should be applied to evaluate the relative effective-
ness Jf 3 spectrum of safeguards approaches (added physicél protection,
improved material control and accounting, etc.) to enhance safeguards
for fuel materia’ types ranging from unadulterated to those to which

radicactivity has been added.

-

'o maintain safeguards protection beyond the port of entry into a country
whose safeguards system is not subject to U.S. authority, ¢nd where di-
version by naticnal or subnational forces may occur, some have propesed
to ‘'ncrease radicactivity of strategic special nuclear materials which
are employed in NASAP alternative fuel cycleﬁ. Sufficient radicactivity
would be acded to the fresh fuel material to assure that during the
period after export from the U.S. and loading into the foreign reactor,
remote reprocessing through :QQ decontamination step weuld be necessary
to recover SSNM from diverted fuel. It is believed that with sufficient
ragicactivity to require remove reprocessing, the difficulty ard time
requirement to obtain material for weapons purpeses by, a foreign country

would be essentially the same as for spent fuel. I[n addition, the

——
"~
o
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{nstitutional requirement imposed by the Nuclear Non-Proliferation Act of
1878 include application of [AEA material accountability requirements t¢
nuclear related exports. A proposed additicnal institutional requirement
would be that verification of fuel locading into a reactor wouid be necessary

by [AEA prior tc approval of a subsequent fuel export contéining SSKM.

Another proposed alternative which could be used to provide additional
safegugrﬁs protecticn against diversion of shicments of SSNM by sub-
national groups would be to mechanically attach and lock in place 2

highly radicactive sleeve over the SSNM container or fuel assembly.

NRC Review

[T is requested “hat NRC perform an evaluation of a spectrum of safe-
guaras measures and deterrents that could be utilized to protect the
candidate alternative fuel cycles. The fuel cycles under consideration
should encompass use of both fuel materials with no added radiation and
those to which radicactivity purposely has been added. The relative L
effectiveness of various safeguards approaches such as upgraded physical ’
protection, improved material control and accountancy, dilution of SNM,

decreased transportation requircients, few sites handling SNM, and in-

reased material handling requirements as acplied to 2ach fuel material

tvoe should be assessed. The evaluation should address, but nct se

limited %o, such issues as the degree to which added radicactive cone-

:=m1naﬁts prcvide protection against theft for bomb making purpcses; the

relative impacts cn domestic and on international safeguards; the impact

b
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of radicactive contaminants on MCA detection, measurement and accuracy, o
the availability and process requirements of such contaminants; the vulne:-
ability of radioactivc sieeves to tamper or gefeat; the increased pudlic
exposure to health and safety for acts of sajotage; and the increased
radiation exposure to plant and transport personnel. rinally, in conduct-
ing these aissessments, NRC must consider the expcort and import of SSNM as

well as its domestic use. » _—

A~ part of this evaluation we reguest that NRC assess the differences

in the licensability of the domestic racilities, transportation system
to the port of entry of the importer, and other export regulations for
those alternative fuel cycle materials ‘aving associated radicactivity
as compared to SSNM that does not have added radioact151ty. The poten-
tial impacts of added radicactivity on U.S. domestic safeguar~ds, on the
international and national safeguards systems of typical imperters in
pretecting exported sensitive fuel cycle materials from diversion should
be specifically addressed. Aspects which could adversely affect
safequards, such as more limited access for irspection and degraded
material accountability, should be described in detail as well as the
pctential advantages in detection or deterrence. A clear identification
of the pctential role, if any, that added radicactivity could or should
play is wanted, particularly with regard %o its cost effectiveness in
comparison with other available technigues, and with consideration of
the view that the radicactivity in spent fuel is an impertant darrier -

to its use by foreign countries to cotain material for weapons urposes.
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Licensability issues chat must be addressed by RD&D programs also should

se identified. —
The following table preserts a listing of unacultered fuel materials ~am—
and a candidate set of associated radiation levels for each that should
be evaluated in terms cf domestic use, import and export:

el

Minimum Radiation Level Quring 2 Year
Period (Rem/Hr @ 1 meter) (Ref. §)
Fuel Material Type 1 - —
Mechanically Attached

Mixed
3. Puby, HEUO, powder or pellets® 1,000 per kgiM . = 10,000/kghM
b. PuOZ-UCZ amd HtUOz-ThCZ ‘ ' _ | -
powder or pe11ets3 100 per kgHM 10,000/k gHM
.
C. LwR, LWBR, or HTGR recycle fuel .
¢ssembly (including type b fuels) 10/assembly 1,000/ assembly
-
d. LMFER or GCFR fuel assembly
(including type b fuels) 10/assemply 1,000/2ssemdly
1 . -_—
Hégioactivity intimately mixed in the fuel powder or in each fuel peilet.
Zmecnanically attached s'eeve containing Co-6C is fitted over the material
container or fuel element and locked in place (hardened steel collar and
several locks).
L 38, . _
355: 1s defined as containing 20:235 more g;;u in.yranium, 12% or mere of
€29y in uianium, or mixtures of ““U and “*~U in uranium of eguivalent
concentrations. N
The methods seiec*ed for incorporating necessary radicactivity intg the
fue! material will depend on the radicactivity level and duration, as well
as other factors such as cost. Candidate methods and ragiaticn levels
ire described further in the referencer. : —




fable |

CANDIDATE METHODS AND RADIATION LEVELS FOR SPIKING FUEL MATCRIALS

T Hinimum 2 year

Radiation Level,

T Mindmum Taitial

Radiation Level,

~ fuel Material Type rem/hr at | meter Process ~vem/hr al | meter Reference
a. Pqu. "l002 powder or
pellets 1000/ kgliM ; Co60 addition 1300/ kg™ 2, 5, §,
b. Pqu—UOZAnd lll.hl)z-
Th0, powder or pellets 100/ kghM . 0% addition 129/ kgliM 2, 3, 5,
. fission product
addition (Ru'%®)  400/kgli 2, 3, 5,
c. LWR, LUHBR, o, HIGR recycle
fuel assembly 10/assembly . Co60 addition 13/assembly 2. 3.8,
. fission product
addition (Ruwb) 40/assembly 2. 3, 5,
- |;re-irradialion
( 40/MWD/MT) 1000 (.0/day)/ 4
wn assembly
~d. LMIBR or GCFR fuel asseubly  10/as - g . 0% addition 13/assenbly 2, 3, 5,
: 0 . fission product
b2 addition (Ra'™)  407assenbly 2, 3, 5,
. pre-irradiation 1000 (30 day)/ 4
; (40 MID/MT assembly
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Attachment 3

Preliminary NRC Comments
NUCLEAR ENERGY SYSTEM CHARACTERIZATION DATA

NRC has reviewed tne subject document, the major portion of which is devoted
to presentation of numerical data. Our comments are directed generally to
the rather Timited amount of analysis presented in the document and the lack
of consideration of the otjectives of improving proliferation resistance and
making use of available resources.

-

Section 1. Introduction

In this section three overall fuel cycles are delineated as follows:

a. The once through fuel cycle is defined and is properly identified as
being Timited by uranium availzoility and producibility. The improvement
of enrichment technology is noted as a potential enhancement for the once
through fuel cycle. While this may be true from a resource availability :
standpoint, no mention s made of potential important considerations with teatit
regard to prolifr. ation and safequards aspects c¢f such enrichment 5
improvements.

b. The second fuel cycle outlined is the uranium recycle option. While
this cycle is theoretically a potential alternative, it is only being
considered by those countries that plan large and aggressive obreeder
programs and must b2 associated with facilities for the long term
storage of plutcnium which are not mentioned. The economic and prolifera-
tion resistance implications of this aspect are not described or menticned
in the document. Another method of utilizing this fuel cycle would include
the disposal of plutonium. Also implicit in this fuel cycle is the effect
of the build-up of U-236. Neither of these aspects has been mentioned.

c. The third fuel cycle considered is the uranium and plutonium recycle case.
A1l modes of recycle in this case seem to be based on two theoretical
safeguards regimes. One regime assumes universal werldwide safequards
and is apparently based upon technological measures sich as denaturing,
spiking, dilution, etc., which are apparently c.isidered adequate
jeterrents from a proliferation resistance standpoint. The second
safecuards regime assumes twoe safeguards regions, one rczion with nc
restrictions and one regicn where only denatured, sniked or diluted fuel
can be utilized.

As a result, the entire concept of uranium and plutonium recycle seems %o

depend upcn the acceptability of technolcgical measures as deterrents %0

proliferation resistance. Based upan progress to date in the INFCE work,

it appears that such technological measures are jucged to have little

potential for preventing national proliferaticn and are only considered

aporopriate for sub-naticnal diversion. On this basis the discussion R
of this fuel cycle seems quite inadequate. - ~p oy R
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Section 2. Energy Demand Forecast

This section discusses numerous scenarics and seven different forecasts are
noted. However, no mention is made of the forecast dcveloped for INFCE by
U.S. and other nations and how that forecast compares with the suggested
NAS?P forecast. It would certainly be helpful fur this comparison to be
included.

Section 3. Reactor Design and Fuel Managemert Data

The amcunt of data included in this section is too voluminous fo: any detailed
review by NRC in the short time available. However, it is noted, “ased on a
rough approxiuation, that the so calied 15% improved LWR seems to rusult in
about a 10% improvement in U30g consumption, and the so called 30% LWk

results in about a 25% U30g improvement. If this is correct, it would appear
that the terminology should be changed.

Section 4. Reactor Introduction Dates

This section is limited to one page listing projected reactor introduction
dates. No explanation or rationale is provided and it appears from the one
page of data that no introduction of new reactor designs is projected
before early in the next century. On this basis effects on resources
utilized and new facility requirements should be minimal for the next
20-25 years.

Section 5. Reactor Market Penetration and Phase Qut Rates

This section is also a one page section which merely lists reactor market
penetration for so called nominal or rapid deployment scenarios. No
raticnale is provided for this table. However, it -ms quite optimistic
in that it predicts for new plants a 50% penetration in 11 years and
essentially 100% penetration in about 30 years. This seems overly
optimistic in view of the present situation with 1ight water reactors.

Section €. System Analysis Results

The two-sentence introduction indicates that the tables ‘nclude ore reguire-
ments; however, in actuality U;0g requirements zre the parameter discussed.
Consistent use of termingliogy should be employed here. For cases A.2.2

and A.2.3 the analytical results indicate that improved LWR fuel can be
introduced inta all reactors, both existing and projected, within a five-
year period irom 1985-1990. This would appear to impiy complete industry
penetration within five years. In view of development, demonstratinn and
requiatory requirements, it certainly would appear that such a fast
penetration rate weculd be cverly optimistic.
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In Section 7.2 several of the graphical comparisons of cumulative resources
requirements apparently show a maximum point. This is apparently in error
since cumulative requirements cannot be a decreasing function under any
circumstances. [n general, we believe that the function of the Summary
Section would be cetter served if an attempt were made to reduce the number
of graphs (over 40) :nd to provide an expanded analysis of the results.
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ATTACHMENT 4

NRC REVIEW OF SAFEGUARDS SYSTEMS FOR NASAP
ALTERNATIVE FUEL CYCLES

In response to the request by the Department of Energy, the NRC staff

has reviewed and commented on the subject document, The Office of Nuclear
Material Safety and Safequards (NMSS) staff comments have been consolidated
and are presented below.

The section entitled General Comments defines the scope and approach

to be emloyed by NRC for safeguards and licensability evaluation of

the NASAP. The section entitlea Specific Comments provides substantive
and editoriz] comments on the subject document. Fz: convenience, NRC
comments are shown as annotations to the DOE proposed NRC Review of Safe-
guards Systems for NAS:P Alternate Fuei Cycle Matarials in Enclosure 1

and the NRC revised version is provivued as Enclosure 2. Of the other
Offices contacted, the Office of Inspection and Enforcement (IE) submitted
comments which are presented as Enclosure 3, and the Cffice of Standards
Davelopment (SD) comments are provided as Enclosure 4,

We believe the revised Safeguards Review Basis sets forth the needs and
objectives for both DOE ari NRC and will be acceptable in its entirety
to DOE. We are now applying these criteria in ocur ongoing review of
NASAP. In the event DOE staff has questions concerning the revision

or wishes to discuss the NRC comments, we urge them to do so at their
earliest convenience.

General Comments

NPC will utilize its existing framework of regulaticns and proposed
upgrade rules as the basis for its review of the DOE NASAP altermative
fuel cycle systems and its reports to the President and cognizant
Congressicnal Committees of findings of known or suspected licensing
issues and problems associated with commercial implementation of

these alternative technologies. As noted in Chairman Hencdrie's letter
to Secretary Schlesinger, dated June 2, 1978, the NRC review of NASAP
will include a comparative evaluation of safety and environmental as
wel] 2s safeguards i1ssues and consiceraticn of licensability aspects
far each of these areas.



s

In addition to 10 CFR 70 and 10 CFR 73 which define requirements for
material control and accounting and for physical protection of plants
and SNM, respectively, the proposed physi ca! protection upgrade rule
(43 FR 35321) is currently being considered by the Commission and, upon
approval, will be published in effective form. In the area of matarial
control and ascounting, a preliminary assessment of potential future

iscues
Report

will be made using the recommendations set forth in the NRC
of the Material Control and Accounting Task Force, NUREG-0450,

dated April, 1978. This source must be used with care, however, 1in
that specific Task Force recommendations have not as yet been in=
corpurated into the regulatory base and the Task Force did not
address the applicability of their recommendations to new types of
facilities.

Although NRC is in general agreement with the scope of the NRC review
as defined by DOE in the subject document, we believe that undue em-

phasis

has been placed in evaluation of the added radioactivity fuel

materials types. To provide a more balanced approach, we have prepared
+wo amendments to the subject document (see Enclosure 2, inserts, pages

2a and

2b) which note that safeguards measures other than added radio-

activity will be evaluated during the course of the study and that a
comparative evaluation of unadulterated versus asded radioactive fuel
types will be performed. We believe the suggestad amendments are in

accord

w th DOE intent and accurately reflect our mutual views and

objectives.

The NRC review of NASAP will focus on, but not be limited to, cor-
sideration of the relative custs and benefits from aoplication of
various safequards approaches to protection of fuel cycles utilizing
unadulterated nuclear fuels, with and without mechanically attachec
radicactive sleeves, and nuclear fuels intermixed with radicactive
contaminants in terms of;

the degree to which added radioactive contaminants provide
protection against theft for bomd making purposes,

the relative impacts on domestic safeguards,

the impact of added radicactivity fuel types on international
safegquards,

the impact of radioactive contaminants on MCA detecticn,
measurement and accuracy,

the availability and process requirements of radicactive
contaminants,

the vulnerability of radicactive sleeves to tamper cor
defeat,

the increased public exposure to health and safety from
acts of sabotage, and

the increased radiation exposures to plant and ‘ —-ansport
perscnnel.




Specific Comments

As noted above, Enclosure 2 provides ar annotated NRC Review of Safeguards
Systems for NASAP Alternative Fuel Cycle Materials which indicates the
nature of tuggested amendments. The following provides @ iine by line
index of NRC amendments to the subject document reflecting specific come
ments and questions raised by NRC staff.

page

page

pace

page

page

page

page

page

1, lines 3, 4, 6, 8, 9, 10, and 11

These are editorial insertions or deletiorns as shown in
Enclosure 2.

1, footnote 1

This definition of HEU is inccnsistent with 10 CFR 73.30 and 73.50,
the proposed upgrade rule, and TAEA INFCIRC 225 (Revision 1). While
NRC could employ this definition as a stardard for thz evaluation,
the applicability of findings would be based on presu-ed future
changes to the NRC regulations and to International " ,sical
Protection Conve: “1ans.

2, lines 1 and 2

Delete the typograp‘'ic error.

2, line 3

We suggest insertio) of the paragraph shown on page 2 (a) for
reasons cited in th2 General Commeirts section.

2, line 3

Provide a new parag-aph which begins, "To maintain...".

2, line 6

Change "add radicactivity to" to "increase radigactivity cf”.
2, line 10

Typographical arror, as shown.

2, line 11

Suggest deletion of "non-radicactive”.

2, line 1§

Change "of" to "imposed by".

”
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page 2, lines 16 and 17

Editorial insertions and deletions, as shown.

page 2, line 21
Change "An" to "Another proposed”.
page 3, line 1, text '

We suggest insertion of the paragraph shown on par: 2 (b) for
reasons cited in the General Comments section. Tais inserted
paragraph incorpcrates the last paragraph, page 4 and page S
which are to be deleted. The intent is to made clear that the
NRC review will evaluate a spectrum of safeguards measures as

t ey relate tc both unadulterated ar. adulterated fuel material

.ypes.
page 3, line 2

Wwe suggest line 1 be changed to read as follows: "As part of =
this evaluation we request that NRC assess the differences in S
the...". iE

page 3, line 6

Insert "U.S. domestic safegu. .s, on", as shown.

page 3, line 15

we suggest deletion of the sentence, che basis for current =
10 CFR 73.6(b)...". e

This exemption was based on engineering judgment. The relative ' ;{}m
impact of increased levels of radicactivity as shown in the table i
on page 4 of the Basis will be considered during the course of
this evaluation.

page 3, line 20

Editorial insertion.

page 3, lines 21 and 72 (paragraph 2)
we suggest the change as shown in Enclosure 2 for the purpose

cf emphasizing the study approach to evaluaticn of Scth adult-
eratad and unadulterated fuel material types.

527 293
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rage 4, table, heading

The selection of two year period for maintenance .f minimum
radiation levels appears to be a rather short time frame.
Since material can be held for four or five years and used
with no health and safety problem, it is not clear how the
time period was selected or on what basis it can be defended.

pace 4, Table

We suggest for clarity that uncommon designations such as type b
fuel and HM be defined.

page 4, footnote 3

The DOE definition of HEU restricts the inclusion of U=233 to
uranium that is equal to or greater than 12% U-233. The NRC de-
finition of formula quantity includes U-233 at any enrichment.

T e DOE definition does not provide physical protection for
certain isotopic compositions of uranium which could be used for
fabrication of a CFE. For the purpries of the NASAP review,

NRC proposes to evaluate safeguard” for U-233 at an enrichment
level of 10% or groater.

page 4, line 3, text
Suggested editorial deletions and insertions.
page 4, lines 5 through 10 and page $

We suggest this material be deleted since it has been incerporated
in earlier changes.

r\) (: "#
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ENCLOSURE 1

NRC REVIEW OF SAFEGUARDS SYSTEMS FOR KASAP
ALTERNATIVE FUEL CYCLE MATERIALS

o

2crnrrgund

The srocedures and ¢ii.eria for the issuance of domestic licenses for

=assession, use, transport, import, and export f special nuclear material
also - ' requirements for ]
are defined in 10 CFR 70, which, incluces o ARt IR /T8 /3E49T 1Y YTE /TR
and accounting.
4dd1#1 nuclear materia) controly. Requirements for physical protection of

slents and special nuclesr materials are descrided in 10 CFR 73, including
srotection 2t domestic fixed sites and in transit 272inst bLAEI bE atrack, acts of
sesotage end theft. NRC has considered whether stre.gthened physical

srotection mas e recuired as a matter of prudence. Proposed LA RAI BRI
to 10 CFR 73
uogrzces have deesn published for comment in the Feceral Register (43 FP 33321).

A/:ﬁﬁ%ﬁﬁﬁ%ﬁiA{f#iiiAJJi/dd¢éYd¢éd/¢itﬁiﬁ/tﬁéﬁé/éféééﬁéﬁ/iﬁ%ﬁéﬁtﬁt/ﬁt/ﬂ&?ﬁ%%?/73/

described in the proposed upgrade rules is L
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cp3reZed regulatory requirements. Other systiems might be cesign2d to meet
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The desired basis for NRC review of safeguards systems for NASAP alternate
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vel cycle materials containing significant quantities of strategic special
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revisicns cited above., 10 maintain safeguards protection beyond the port

of entry into a country whose safeguards sysiem is not subject to U. S.

nerity, and where diversicon Dy naticnal or subnaticnal forces mey occur,
increase of : _ )
co=e have orodosed to g4 radicactivity AP stratecic specjal nuclear
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materials wnich are employed in NASAF alternative fuel cycles. Sufficient
radicectivity woula be 2cced to the fresh fuel material to assure thatl 2
curing the pariod after export from the U. S. and loading into the foreign
resctor, rergote redjﬂcessing through the decontamination step would be

nacessary 1o reccver/éiﬂ??ﬁhﬁk§£§€ZZ SSui from diverted fuel. It is

believed tnat with sufficient radicactivity to require remote reprocessing,

the ¢ifficulty and time requirement to oDtain material for wezpons purposes 1

by & ferzign countiry would be essentially the same as for spent fuel. In
o , . . imposed by o

acditicn, the irstitutional reguirements gj the Nuclazr Nen-Proliferation

g . include S

Act of 1378 AAMV A4V (to nuclear reiated ex:orts?;;g};;;pg application of

[AIA ALEEKL AN b vy MMeVaid /3d material accountability requirementswe A

sronosec acditional inssituticnal requirement would be that verification of
fuel loading into 3 reacter woeuld be necessary by [AEA pricr T2 aporoval

O

£ & sussecuent fuel export containing S3NM,

Another proposed
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The final version of the proposed physical protection upgrade rule for Category |
material is awaiting final Commission review .nd consideration. This proposed rule

is moving closer ta being published in effective form and, together with existing
regulations, should provide a sound basis for identification of possible licensing
issues associated with NASAP alternative fuel cycles. This regulatory base could

be applied to evaluate the relative effectiveness of a spectrum of safeguards
approaches (adied physical protection, improved material control and accounting, etc.)
to enhance safeguards for fuel material types ranging from unadulterated to those

to which radicactivity has been added.

{ ™
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N2C Review

It is requested that NRC perform an evaluation of a spectrum of safeguards

mezsures and deterrents that could be utilized to protect the candidate

a1ternative fuel cycles. For the fuel cycles under review, consideration

should be given to both unadulterated fuel materials and those to which added

radicactive material purposely has been added. The relative effective-

ness of various safeguards approaches such as upgraded physical protection,

improved material contrel and accountancy, dilution of SNM, decreased
transportation requirements, fewer sites handling SNM, and incre;sed
material handling requirements as applied to each fuel material type
should be assessed. Tne evaluation should address, but nct be lTimited
to, such issues as the degree to which added radioactive contaminants
provide protection\against theft for bomb making purposes; the relative
impacts on domestic and on international safequards; the impact of
radicactive contaminants on MCA detection, measurement and accuracy;

the availability and prccess requirements of such contaminants; the
vu]nérability of radicactive sleeves to tamper or defeat; the increased
publir exposure o health and safety for acts of sabotage; and the
increased radiition exposure to plant and transport personnel. Finally,
in conducting these assessments, NRC must consider the export and impert

of SShM as well as its domestic use.
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As part of this evaluation we request that NRC assess the differences i;
in the licensability of the domestic facilities, transportation system to the

port of entry of the importer, and other export regulations for those unadulterated

and adulterated fuel cycle materials having associated radioactivity as compared to

S3i4M that does not have added radicactivity. The potential impacts of added radio-

Rile & W SR e § Wy WSS . N r

U.s. “domestic safeguards, On
ctiviy onflrne international 2-.d nationa) safeguarcs systems of typical

imsorters in protect ing exp.rted sensitive fuel cycle =aserials from divere
sion snould e ssecificaliy addressed. Aspects Jhich could acversely affect

gzfaguards, such 2s more )limited access for inspection anc degradecd material

accountability, should be described in detad) as well as 'he potertial advan-

tzges in ¢etection or deterrence. A clear icentification of the potential

role, if any, that acded radicactivity csuld or should play is wanted,
particularly with regard to its cost gffectiveness n com:arisa; with other
svailedle techniques, and with consideraticn of the view that the radicactivity
in spent fuel is an important barrier to jts use by foreign countries t0

ULLETL - " -
ostain material for we2pens rurpcses E‘xe rasis for current 10 CFR 73.6(d)

;
o

regulation that exempts certain :ypes of special nuclear material which deliver

R s te st e A tras

: rac¢ aticn dose rate of 100 rem/hr at 3 feet from the adciticnal shysical
—
srctestion raquirements .in 10 CFR 73. g etc. should e descris :J
s
asilisy issues that must De ac cressed by ALLD programs shoylc be identified.

The following table presents a listing of unadultered fuel materials

‘n(“JY%$JJ11/1/d41/ci/YSIA,urc 2 candicate set of agsociated radiation levels

for each that tn_.erms of . : .1 TR ol i Q0
Ashcula e eval 7 somestic use, 1TRCrL gnc exglris W L7
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Minimum Radiaticn Level During 2 YQAr

ruel Material ije Pericd (Rem/nr & 1 meter ) [Ref.
Hixed] Mechanically A::acheo'

:. uOZ. KEUO, powder or pellets” 1,000 per kghM 10,000/ kgrM
- PuOZ-UOZ and HEUOZ-ThO2 powder or

cellets” 100 per kg 10,000/ kg=M
€. LWR, LWBR, or HTGR recycle fuel

assembly (including type b fuels) 10/assemdly 1,000/2ssembdly
€. LMF3R or GCFR fuel assemdly

(imcluding type 5 fuels) 10/assemdbly 1,000/assembly

] : e - : ) . - :
Radicactivity intimately mixed in t*2 fuel powder or in e2ch fuel nellet.

“vecha, fcally attached sleeve containing Co-80 is fittsd over the materia]
container or fuel element and locked in place (hardenec steel collar and
several lccks).

322y s defi i 1ing 20° 235, i d
234 1s ce”ined as containing 205 or mere <27 in uranium, 12% or mere of
€33y in uranium, or mixtures of 233U and €=y in uranium of eguivalent
cuncentrations.

The methods selected for incorporating necessary radioactivity into the

fuvel material will depend on the radicactivity level and curaztion, as well
2s other factors such as cost. S4mg Gancica:e methods and rediation levels
e - further
/é#ﬁ!/V::v¢afadff"715Y¢’7/lﬂa are describecAin tne refsrences.

~...__,,.,.,
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b.

d.

fuel Material Type

Table 1

CANDIOATE METHODS AN RADIATION LEVELS FOR SPIKING FULL MATCRIALS

. l’u()z. llI.UOZ powder or

pellets

Pqu—Uozond N[UOZ- '

lho? powder or pellets

CLWR, LMBR, or NIGR recyclé

fuel assembly

LMEBR or GCIR fuel assenbly

“Minimum 2 year
Radiation Level,

Minimum Initial

Radiation Level,

~_rem/hr at | meter Process rem/hr at 1 meter Reference
1000/ kgiiM . 0% addition 13007 kghM 2, 3.°5, §
100/ kght . 0% addition 130/ kgt 2,3, 5,6
. fission product
addition (Ru'%®)  400/kgim 2,3,5, 6
10/assembly > C060 addition 13/assembly 53 B8
. fission product
addition (Ru'®®)  40/assewbly 2,3, 5,6
. pre-irradiation
( 40/MWD/MT) 1000 (30/day)/ 4
assembly
10/assembly . C060 addition 13/assembly 2, 3. 5. 6
. fission product
addition (Ra'%®)  407assembly 2, 3,5, 6
. pre-irradiation 1000 (30 day)/ )

. PP PYY Yy YT e ST P (] g e

(40 MWO/MT)
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Rafarences

1. NUREG 0414, "Safeguarding a uomestic Mixed Oxide Incustry Against a
Hypothetical Subnational Threat”

2. ORNL TM-6412, "Chemical and Physical Consideraticns of the Use of
Nuclear Fuel Spikants for Deterrence,” J. E. Selle

3. ORNL TM-6483, "Practical Considerations of Nuclear Fuel Spiking for Gl
Preliferaticn Deterrence,” J. E. Selle, P. Angelini, R. H. Rainey, £
J. I. Federer, and A, R, QOlsen

4. GEFR 00402, "Pre-Irra :ation Concept Description and Cost Assessment,”
G. F. Pflasterer and |. A, Deane

wm
.

IRT-278-R, "Meaificat.an of Strategic Special Nuclear Materials ©o

Deter Their Theft or Uncuthorized Use," (Vol 2 of "The Spiking of B
Special Nuclear Materials as a Safeguards Measure,” Bil File Ne. 5.8.1 fose
for Vol 1)

§. SAI-01379-50765, "Material Radiation Criteria and Nonproliferatio:
E. A. Straker, January 8, 1979




ENCLOSURE 2

NRC REVIEW OF SAFEGUARDS SYSTEMS. FOR NASAP
ALTZRMATIVE FUEL CYCLE MATERIALS

. Sackground

The procedures and criteria for the issuance of domestic licenses for

possessi'n, use, transpert, import, and export of special nuclear ma-
serial are fined in 10 CFR 70, which also includes requirements for
nuclear material control and accounting. Requirements for physical

srotection of plants and special nuclear materials are descrided in isj.
10 CFR 73, including protection at domestic fixed sites and in transit i
2gainst attack, acts of sabotage and theft. NRC has considered whethér

strengthened physical protection may be required as a matter cf prudence.

Proposed upgrades to 10 CFR 73 have been published for comment in the

Federal Register (43 FR 35321). A reference system described in the
nroposed upgrade rules is considered as but one representative approach
for meeting upgraded regulatory requiraments. QOther systems might be

designed to meet safeguards performance criteria for a particular site.

NASAP Safecuards 3asis

The desired basis for NKC review of safeguards systems for NASAP alternate

fuel cycle materials containing significant quantities of strategic special
nuclear material (SSNM)*, greater than 5 fermula kilograms*= during do-
mestic use, transpors, impeort, and export tc the pert of entry of a foreign

country is the reference system described in the current reculations and

233, : 233, . _
* 220% 233y in yranium, 2125 U in uranium, or plutenium.
278 y: i
cr-uia grams = grams containeg ~"°U + (.3 (grams STCU & grars
- 3 s A @ T 47
sluzenium); ref. 1C CRF 73.30.
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the propesed revisions cited above. The final version of the proposed
physical protection upgrade rule for Category [ -aterial is scheduled

for Commission review and consideration in mid-April. This proposed

rule is close to being published in effective form and, together with
existing regulations, will provide a sound basis for identificationr of
possible licensing issues associated with NASAP alternative fuel cycles.

This regulatory base should be applied to evaluate the relative effective- 5
ness of a spectrum of safeguards approaches (added physical protection,
improved material control and accounting, etc.) to enhance safeguards

for fuel material types ranging from unadulterated to those to which

radicactivity has been added.

To maintain safeguards protection beyond the port of entry intc a country
whose safeguards system is not subject to U.S. authority, and where di-
version by national or subnational fcrces may occur, some have propcsed
to increase radicactivity of strategic speciel nuclear materials which
are employed in NASAP alternative fuei cycles. Sufficient racdicactivity

would be added to the fresh fuel materifal to assure that during the

perio# after expert from the U.S. and lcading intc the foreign reactor, e
remote reprocessing through the deccntaminaticn step wculd b2 necessary
to recover SSNM from diverted fuel. It is belfeveu 1ai with sufficient

radicactivity to require remote reprocessing, the difficulty 2nd time

reguirement to obtain material for weapens purpcses by a foreign country

s Td K i1 b 5 € cant Tonl {64 |
wouid Be essentiailiy the seme as ftor stent Tuetl. In acaiticn, The
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institutional requirement impescd by 2 Nuclear Non-Preliferaticn Act of
1978 inciude application of [AEA mate¢-~ial acecountability requirements to

nuclear related exports. A proposed additic~al instituticnal :equirement

would be that verification of fuel lcading into a reactor would te necessary

by IAEA prior to approval of a2 subsequent fuel export containing JSNM.

Another preposed alternative which cculd be uced to provide additioral
safeguards protection against diversion of shipments of SSNM by sub-
national groups would b. .0 mechanically attach and lock in place a

highly radicactive s.eeve over the SSNM con.ainer or fuel assembly.

MRC Review
It is requested that NRC perform an evaluation of a spectrum of safe- =
guards measures and cdeterrents that could be utilized to protect the

candidate alternative fuel cycles. For the fuel cy.ies under review, consideration

;hould be giver to both unadulterated fuel materials ana those to which added

rid}oactive méieriai purposely has been added. The ré1at1ve

effectiveness of varicus safequards approaches such as upgraded physical

protection, improved material control and accountancy, di’ution of SNM,

;
£
¢

decreased transportation requirements, few sites handling SNM, and in-
reased material handling requirements as acplied to each fuel material

type should be assessed. The evaluaticn should address, but not be

limited to, such issues as the degree to which added radiocactive con-

camingnts provide prcetection against theft for bemb making purpeses; the

' i -l ., : - - - -— ‘ -~ - - . —
=gl e ve IELEC = estic anc agreguaris, Ne seCt
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of radicactive coni.minents on MCA detection, measurement and accuracy;

the availability and process requirements of such contaminants; the vulner-
ability of rad‘oactive sleeves to tamper or defeat; the increased public
exposure to health and safety for acts of sabotage; and the increased
raciesion exposure to plant and transport personnel. Finally, in conduct-

11 these assessments, NRC must consider the export and import of SSNM as

well as its dcmestic use. :

As part of this evaluation we reguest that NRC assess the differences

in the licensability of the domestic facilities, transportation system

to the port of entry of the impc-ter, and other export regu’at s for

s nse unadulterated and adulterated fuel cycle materials having associated
radicactivity as compared to SSNM that does not have added radiocactivity. The
potential impacts of asiec radioactivity on U.S. domestic safeguards, on the
internasicnal and nationa: safecuards systems of typical importers in
srctecting exported sensitive fuel cycle materials from diversion should

be specifically addressed. Aspects which could acdversely affect
safequards, such as mere limited access for inspection and degraded
material accountability, should be described in detail as well as the
potential advantages in detection or ceterrence. A clear identification
of *he notential role, if any, that added radicactivity cculd or should
slay is wanted, particularly with regarc to its cost gffectiveness in
commarison with other available technigues, and with consideration of
in spent fuel

the view that the racdicactivily

R - - “m ma- . %
tries o cotain macerial
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Licensability issues that must be addressed by RD&D programs also should

se identified.

The following table presents a listing of unacuitered fuel materials

ind a candidate set of associated radiation levals for each that should

Se evaluated in terms of domestic use, import and expurt:

Minimum Radiation Level During 2 vear

Ceriod (Rem/Hr @ 1 meter) (Ref., 6) f
Fuel Material Type | 2 i
4 Mirxed Mechanically Attached E
2. Pu0,, HEUO, powder or peilets® 1,000 per kgHM  10,000/kgHM
b. PU02°U02 amd hEUOz’ThOZ 'é
E:
powder cor pe11ets3 100 per kgHM 10,07C/kgiM i
¢. LW, LWBR, or HTGR recycle fuel :
assembly (including type b fuuls) 10/assembly 1,000/assembly
d. LMFER or GCFR fuel assembly
(including type b fuels) 10/2ssemdly 1,000/assemdly

1
*‘Radicactivity intimately mixed in the fuel pocwder cor in each fuel pellet.
2

Mechanically attached sleeve containing Cc-50 is fitted 'ver the material
container or fuel s2lement and locked in glace (hardened steel collar and
severa)l locks).

Juen ¢ oy S £38,, . .
“¥Ey is defined as containing 20% 2z mere 73U 7 uranium, 123 or rore of

€%y ¢n uranium, or mixtures of ““y and “““U 1n yranium of equivalent

concentrations.

The rethods selected for inccrporating necassary radicactivity inte the

<. al =zterial wil! zecend on the radicactivity level and durztion, as wall
- L]

38 ~ems F— o m- 2 -~ e f dAasa mawim s »o sl P Yaunl
§¢ ~>rppe fabbapg o= 28 COST. (@Ndidate ™sTNCCS &NC —~ECiET CN ievels
trg cescribed furtrer in the references.




Table 1

CANDIOATE METHODS AND ‘RADIATICHN LEVELS FOR SPIKING FULL MATLRIALS

fuel Material Type
a. l'u()z. lttll()2 powder or
pellets
b. l'u()2~002md HEUD -

lh()2 powder or pellets

C. v LWBR, or NIGR recycle

fuel assembly

crfl. LMEBR or GOIR fuel assenbily

T Minimum 2 year
Radiation Level,

Minimum Initial
Radiation Level,

rem/hr at 1 meter

1000/ kghiM

100/ kghid

10/assembly

10/assembly

Process rem/hr at | meler Reference

: Com addition 1300/ kgliM 2 3,56, 6&
. €0% addition 130/ kgliM 2,3, 5,6
. fission oroduct

addition (Ru'"®)  200/kgim 2,3,5 6

o

. % addition 13/asseubly 2, 3,5, 6
. Tission product

adait’  (Ra'%®)  40/assembly 2, 3,5, 6
. pre-irradiation

( 40/M4D/MT) 1000 (30/day)/ 4

assembly |

0% addition 13/assembly 2, 3,5, 6

fission product

addition (Ru'%®)  40/assembly 2, 3,5, 6
. pre-irradiation 1000 (30 day)/ 4

{40 MUG/MT)

U S —
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assemblv
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Refarances
1. KLUREG 0414, "Sa?eguarding a Domestic Mixed Oxide Industry Againsta .o
Hypothetical Subnatioral Threat"
2. OaNL TM-6412, "Chemical and Physical Censideraticns ¢f the Use of
Nuclear Fuel Spikants for Deterrence,” J. E. Selle
3. CanL T -64(3, "Practical Considerations of Muclear Fuel Spiking for =
Zraliferation Deterrence,” J. ©. Selle, P. Angelini, R. H. Rainey, s
J. 1. Federer, and A. R. Qlsen ¢
4. GEFR 00402, "Pre-lrradiation Concept Description and Cost Assessment,”
G, F. Pflasterer and N. A, Deane
§. 1aT-378-R, "Modification of Strategic Special Nuclear Materials to
Seter Their Theft or Unauthorized Use," (Vol 2 of "The Spiking of
Special Nuclear Materials as a Safeguards Measure,” BNL File No. 5.5.1
for /ol 1)
§. SAI-01379-50765, "Material Radiation Criteria and Nonproliferaticn,”

€. A. Straker, January 8, 1979
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. é UNI!TED STATES = ENCLOSURE
NUCLEAR REGULATORY COMMISSION ™ e ——

-

WASHINGTOW, D. C. 20858

)
Trex* ) m 16 Bn

MEMORANDUM FOR: R. A. Hartfield, Chief
Licensee Operations Evaluation B8ranch
Division of Technical Support K i
0ffice of Management and Program Analysis

FROM: £. M. Howard, Director
Division of Safeguards Inspection
0ffice of Inspection and Enforcement

SUBJECT: NASAP-SAFEGUARDS

We have reviewed the paper on NASAP-Safe uards forwarded in your oL
memorandum of February 21, 1979. Our specific comments are noted on et
the attached copy. One general commeni I have with regard to et
increasing the radicactivity of new reactor fuel is that the S
author (DOE presumably) does not acknowledge or address the :
increased difficulties in the routine handling of this material
or the increased potential for a public health hazard in the case
of a transportation accident. [ believe that these "negative” issues o
need to be addressed in thr overall assessment of this conceptual

program for added safeguards protection. R

27 eoput

4{4, E. 4. Howard, Director -

Division of Safeguards Inspection o
0ffice of Inspection and Enforcement

Enclosure: As Stated Above i

¢c: G. W. Reinmuth, IE e

CONTACT: E. W. Brach . i
(43-28080) e
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NRC REVIEW OF SAFEGUARDS SYSTEMS FOR NASAP
ALTERNATIVE FUEL CYCLE MATERIALS

Sackground
The ncedures and criteria for the issuance of domes ic licenses for

possession, use, transport, 1mport. and export of special nuclear material
rc piremeedy =

are defined in 10 CFR 70, whichAMchos Eaugraoh—-m SBdesarinmgmfunda <

mtaﬂ nuclear material controB;J Recn.'*»";f‘nints for physical protection of

slants ind special nuclear materials are Qescr1oed in 10 CFR 73, including
srotection at domestic fixed sites and in transit agaiinst acts of attack,

sabctage and theft. NRC has cons{dored whether strengthened pnysical

crotection may be recuired as a matter of prudence. Proposed rules and

.pgrades have been published for comment in the Federal Register (43 FR 38221)

- reference system was developed within thece proposed revisions to 10 CFR 73,

The reference system was considered as but one representative approach for meeting
.pgraded regulatory requirements. Other systems mighf be designed to meet

sa‘eguards performance criteria for a particular site.

"ASAP Safeguards Basis

The desired basis for NRC review of safeguards systams for NASAP alternate
fuel cycle materials containing significant guantities of strategic special
nuclear material (SSNM)*, greater than 5 formula kilograms®*~, during demestic
Jse, transport, import, and export to the port of entry of a foreign country
is the reference system dec<~ribed in the current regulations and the preposed

: Y119

VRC TeaJuiament. QJ¢ M7 F ™ err.r'v--" o v’

(8

3

’>2p- 235& in uran«'m’ >12. 233“ in yranium, or 2lutonium

w*formula grams = grams . tained oo° 3 232

¥+ 2.5 (grams U + grams dlutonium);
ref. 10 CFR 73.30
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use, transpert, import, and export to the port of entry of a foreign country

is the refesrence system described in the current regu.ations and the proposed

revisions cited above. To maintain safeguards protection beyond the port

of entry into a country whose safeguards system is not subject to U. S.

authority, and where diversion by national or subnaticnal forces may oduf,
TNAL UL T oF

some have proposed to [add] radicactivity [t strateaic special nuclear

materials which are employed in NASAP alternative fuel cycles. Sufficient

ragicactivity would be added to the fresh fuel material to assure that

during tne deriod after export from the U. S. and loading into the foreign

rezctor, remote repdrcessing througnh the decontamination step would be
necessary to recover non-radicactive SSNM from diverted fuel. It is
believed that with sufficient radicactivity to require remcte reprocessing,
the difficulty and time requirement to obtain material for weapons purposes
by a foreign country would be essentially the same as for spent fuel. In vmpmaye
addition, the institutional requirements of the Nuclear Non-Prgliferaticn

Act of 1978 will apply to nuclear related exports including application of

[AEA szafeguards as they relate to material accountability requirements. A

sroposed additional institutional requirement would be that verification of

fue) 1sading into 3 reactor would be necessary by [AEA prior to appruval

¢f a subsequent fuel export containing SSNM.

-

An alternative which could be used %o provide additional safeguards protaction
against diversion of shiunants of'SSNN bv subnaticna’ groups woyid be o e
mecnanically ':ach And lock n plzce}“ﬁhxy radicactive sleeve aver :he ey

™
SSNM container or fue} assemh . C,*, 2
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N view
It is requested that NRC perform an evaluation of the differences in the
licensability of the domestic facilities, transportation system %o the port

of entry of the importer, and other export regulations for those altcrn:}1v¢ -

fuel cycle materials having associated radicactivity as compared to SSNM

that does not have added radiocactivity. The potential impacts of added radio-
activity on the international and national safequards systems of cypical
importers in protecting exported sensitive fuel cycle materials from diver- :
sion should be specifically addressed. Aspects which could adversely affect 7;ﬁ§§
safequards, such asEéa-€i1imi:ed access for inspection and degraded material =
acscJntability, should be described in detail as well as the potential advan-

tages in detection or deterrence. A clear identification of the potential

role, if any, that added radioactivity could or should play is wanted,

particularly with regard to its cost effectiveness in comparison with other

available techniques, and with consideration of the view that the radicactivity

in spent fuel is an important barrier to its use by foreign countries %0

obtain material for weapons purpeses. The basis for current 10 CFR 73.8(2)

requlation that exempts certain types of special nuclear material which deliver

a radiation dose rate of 100 rem/hr at 3 feet fram the additional physical

protection requirements in 10 CFR 7..30 etc. should De descridbed. Licens-

ability issues that must be addressed by RD&D programs should e identified. e

The following types of SSNM and a candidate set of associated radiation Tavels

should be evaluyated for domestic use, imper® and expert:
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Minimum Radiation Level During 2 Year

oo Fuel Material Type Period (Rem/Hr @ 1 meter) (Rgf._;%__
Mixed' Mechanically Attached
~-~———~'. ;TO-;HEUOZ powder or pcnet;r 1,000 per k3HM 10,000/ kgHM
. Pu0,-U0, and HEUD,-ThO, powder or L »
pellets® 100 per kgHM 10,000/ kgHM
c. LWR, LWBR, or HTGR recycle fuel
assembly (including type b fuels) 10/assembly 1,000/assembly
d. LMFBR or GCFR fuel assembly -
(including type b fuels) 10/assembly 1,000/assembly ; RS

1Radicutﬁvity intimately mixed .n the fuel powder or in each fuel pellet.

“Mechanically attached sleeve containing Co-60 is fitted cver the material
., container or fuel element and locked in place (hardened stee! collar and
\: several locks).

ﬁ:
"w o .GgHsé is cefined 3s containing 20% gr more -~ U in uranium, |12% cr more of s
s& U in yraniym,| or mixtures of 23 and 2 3U in yranium cf equivalent
§ “. concentrations.~

The methods selected for incorporating necessary radiocactivity into the
fuel material will depend on the radicactivity level and duration, 2¢ well
as other factors such as cost. Some candidate metheds and radiation levels

are indicated in Table 1 and are described in the references.

In assessing the impacts of added radicactivity NRC should comment on the i
eff.~tiveness of this approach to protecting SSNM as one of 2 spectrum of

safeguarding deterrents thai might ba used. For example, cther detarrents

could include the use of heavy shipping casks and heads with and without e
added radiaticn, additional physical orotection, and radiation levels sther

than those given specifically in the table. In particylar the case of no
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added radiation must be considered. Finally in conducting these

evaluations and assessments NRC must consider not just domestic use of

SSNM but its import and export.
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Table )

CANDIDATE METHODS AND RADIATION LEVELS FOR SPIKING FUEL MATERIALS

b.

C.

d.

‘|

Minfmum 2 year
Radiation Level,

Miniwum Initial
Radiation Level,

~ Fuel Matevial Type rem/hr at | meter Process rem/hr at | meter Reference
Puoz. utuoz powder or
pellets 1000/ kghM 2% addition 1300/kghM 2,366 1
Plﬂz—uozlnd “Uloz-
1h0, powder or pellets 100/ kg . 0% addition 130/ kghM 2,3, 56
| . fission product .45
addition (Ru'%®)  400/kgim 2.0 88 b
LWR, LWBR, or NIGR recycle ?‘
fuel assembly | 10/assenbly . co% addition 13/assenbly 2,3,5,6
. fission product
addition (R'")  40/assembly 2,3, 56 f
. pre-irradiation
( A0/MJD/MT) 1000 (30/day)/ 4
assembly
LMFBR or GCFR fuel assewbly 10/assenbly . C060 addition 13/assembly 2, 3,5, 6
. fission product ro
addition (Ru'%®)  40/assenbly 2,3, 6,6
. pre-irradiation 1000 (30 day)/ 4
{ 40 M, Hll asseublv
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1. NUREG 0414, "Safeguaruing . Domestic Mixed Uxide Industry Against a
Hypcthetical Subnational Threat"

2. ORNL TM-5412, "Chemical and Physical Considerations of the Use of
Muclear Fuel Spikants for Detervence,” J. E. Selle

3. ORNL T™-6383, "Practical Considerations of Nuclear Fuel Spiking fer ,
Proliferation Deterrence," J. E. Selle, P. Angelini, R. H. Rainey,
J. 1. Federer, and A. R. Olsen

4. GEFR 00402, "Pre-Irradiation Concept Description and (ost Assessment,” -—~
G. F. Pflasterer and N. A. Deane SR

5. IRT-378-R, "Modification of Strategic Special Nuclea- Materials to —_—
Deter Their Theft or Unauthorized Use," (Vol 2 of "The Spiking of ——
Special Nuclear Materials as 2 Safeguards Measure," BNL File No. 5.8.1 -
for Vol 1) =

6. SAI-01379-50765, "Material Radiation Criteria and Nonproliferaticn," Thenm
E. A, Straker, January 8, 1979 e




ENCLOSURE 4

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C, 20858

§ &
3
'

‘
Ll

R. A, Hartfield, Chief

Licensing Nperations Evaiuation Branch
Division of Technical Suppert

0ffice of Management & Program Analysis

MEMORANDUM FOR:

FROM: Ralph J. Jones, Chief
SGSB:SD

NASAP - SAFEGUARDS ( YOUR MEMO TO R.M. BERNERO,
SD, DATED 2/21/79)

Wwe have read the subject document, and have no comment except regarding
the proposed system of addir radicactivity to protect strategic
special nuc'ear material to maintain safequards protection beyonu

the port of entry into a country whose safeguards is nct subject to
U.S. authority. Our immediate reaction is that the scheme seem: to

be more theoretical +than practical. This, however, could better be
determinad after a thorough technical review and a value/impact
analysis. Such an analysis should cover the impact on radiation
exposure to workers and the public of having additicnal radicactive
material movéing in transport. The analysis also should consider the
cost of routine security protection versus the cost of adding radio-
activitv, (his also should recognize that such radicactive material
also may need protection against sabota

SUBJECT:

,—17/,' //
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Ri{i .déphes = "
Safeguargé Stahdards Er.ncn

Office of Standards Development
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ATTACHMENT 5

COMMENTS ON ORNL-5388, INTERIM ASSESSMENT OF THE DENATURED 233U UEL CYCLE:
FEASIBILITY AND NONPROLIFERATION CHARACTERISTICS

General Comments

The Division of Fuel Cycle and Material Safety étaff has reviewed the subject
~eport from the paint of view of the 233U Fuel Cycle. Impacts of 233U uszje

on reactors have not been considered. We find the document to be an exhaustive
study of the denatured 233U fuel cycle. In the NASAP PSZID's that we have
reviewed, DCE defined alternative nuclear fuel cycle systems having promising
proliferation resistance anc commercial potential. It {s this stated NA3AP
purpose that is the focus for our comments.

Chaptar 7, Overall Analysis of Denatured Fuel Systems, and Appendix C,
Netailed Results €rom fvaluations of Various Nuclear Power Systems Utilizing
Denatured Fucl, pres¥it voluminous data on the uranium, uranium/plutonium and
denaturcd uranium f.el cycles. Data are presented on eight fuel cycie options
with four cases deing studied for each option. Two levels of uranium supply
(high and intermediate) are used in each case and option. We have the
following comments.

Nuclear Power Jemand

The demand curve for nuclear power used in Chapter 7 requires that
nuclear power reactors be capable of supplying 1100 GWe in 2049,

Not unexpectedly, for the high ccst of U30q supply runs (constrained
resource availability) only those fuel cyc?e opttons that include
breeders are able to meet the demand. For the intermediate-cost
U30g runs, options using D20 medarated converters are also capable
of meetiry the demand.

—— e —————————
- e e - ey ——

Although we recognize the need to consider the ultimate capability

of any fuel cycle to produce power in terms of GWe produced/MT U3°8'
it deces not appear reasonable to us that a projection of installed
nuclear power 70 years from rnow is a realistic decision criteri n on
which to base near-term (1980) decisions. We believe that these near-
term decisions shou'd include consideration ¢of the transitional periad
(say 2000-2020) showing changes in the fuel cycle as the new types of
reaciors are buiit instead of LWR's. We recommend some detailed
ev:}ustions of the differences among the options over the transition
pericd.

"Safe" Centers

With the exception of the throwaway option, all other options
considered in ORNL-5388 require fuel reprocessing of LWR and other
types of fuel. Further, all cytions except the Py throwaway option
recycle plutonium to reactors built on a safe center. Appendix C
contains data on the energy support ratio (defined as the ratio of
installed nuclear capacity outside an energy center to instailed
«uclear capacity inside an energy center).
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We recoorize the desirability of obtaining the maximum amount of
information from the complicated syct'ms studies, and therefure
consider the data on the energy suoport ratio valuable. We believz,
huwever, that data must be available to consider the nuclear power
fuel cycle and reactor complex in the early years (say 2000-202L) of
the next century. Options that appear to be very different in 27.49
may be quite similar in the early years of the next century and very
1ikely such near term considerations may dominate the selection of
alternative fuel cycles. Hence, we recommend a cdiscussion of the
energy support ratio over the early years of the next century as well
as an evaluatinn of what the 1imiting ratio should be.

An additional point should also be made. The requirement for a "safe"
center is an assumption in Chapter 6 of the CRNL document. Since

this assumption does not affect tne results of systems studies, in
terms of rumbers of reactors, development costs, etc., it would appear
desirable to clearly indicate that this assumption does not impact

on other study results. (The energy tupport ratio is, of course,
dependent on the assumption.)

Specific Comments

Chapter 2. ke  nale for Denatured Fuel Cycles

Page 2-5, Paragraph 2

“whereas in the plutonium cycle no denaturant comparable co 238y exists,..."
There was a Targe amount of publicity in the last year or so
of using some non-fissile plutonium isotope to denature plutonium.
Has DOE determined that such denaturing is not possible or practical?

[f so, this should be explained and the basis provided.

Page 2-5, Paragraph 3
“Moreover, the quantity of plutonium generated via t.e denatured fuel
cycle will be significantly less than that of the other two cycles.”

The statement represents a conclusion about the amount of plutonium

discharged in 233y fuel. A quantitative value would probably appear
to be Tess judgmental.



Pages 2-9, 2-10

The discussion on institutional considerations of the denatured fuel cycle
vis-a-vis "energy interdependence" is not very convincing. Although
nations using denatured fuel may be dependent on nations overating
reprocessing plants, it appears that nations operating reprocessing plants
and transmuter reactors may not be dependent on the supply of spent
denatured fuel. It is possible that transmuter reactors could be designed
to operate_either on plutonium or enriched uranium fuel (tc maintain

power production).

Page 2-27, lzst paragraph

The subject of the section, 3.3.4, is "Potential lircumvention of the
Isotopic Barrier of Denatured Fuel." National diversion of denatured
2337238 material for upgrad.ng into weapons grade material might be

a short term program if only a few weapons are desired. The last
paragraph on page 3-27 is written as if enrichment of 233U/2°3U would be

a long term program (e.g. "“...unaffected over a 20-year plast 1§, T X



