“% UNITED STATES
P ‘4 NUCLEAR REGULATORY COMMISSION
‘Ll..“ | 2 WASHINGTON. D. C. 20855
il / .5
o N
» rew - =

SAFETY EVALUATION BY THE QFFICE OF NUCLEAR REACTOR REGULATION
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UNION CARBIDE CORPQRATION

DOCKET NO. 50-54

Introduction

The operating license for the Union Carbide Corporation (the licensee)
pool-type nuclear reactor was originally issued in 1961, As

required by 10 CFR Part 50, Section 50.36(d)(1), in the absence of a
specific document designating Technical Specifications (7S), the
entire Safety Analysis Repert, including all amendments, s-all con-
stitute the TS. In the case of the Union Carbide Research Reactor
(UCRR), the Final Hazards Summary Report (FHSR) serves as the Safety
Analysis Report, and therefore, the TS, Since the FHSR represents

a Jcrae volume of extraneous material, review of this materizl in TS
change s.hmittals complicates the licensing process. As a resuls,

we rejueste’ the licensee, by letter dated Jaruary £, 1973,

to propose TS for the UCRR in the formet describec in Section 350.36(c)
of 10 CFR Part 50.

By letter dated December 10, 1873, as supplemented by letters dated
November ! "a"g, and June 21, 1877, the licensee submitted proposed
TS. Based our review and upon discuss . ns with the licensee, the
final version of the proposed TS was submit'ed by letter dated
December 15, 1878, Minor changes were made 2 this final versicn of
the TS which were discussed with and agreed t. by the licensee.

By letters dated February 14, 1978, we approved the UCRR Security Plan
submitted by the licensee's letter dated Octnber 27, 1377, as modifial
in an enclosure to the licensee's letter dates Jaruary 26, 1378, In
keeping with current Commission practice, this amendment incc porates
the aporoved Security Plan as a license conditicn.
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tvaluation

Technical Specificatic <

The revised TS set forth the requirements for safe reactor
operation in the current format for research reactors and in
conformance with Section 50.36{(c) of 10 CFR Part 50. This format
includes:

1. definitions of key terms used in the specifications,

2. delineation of safety limits and limiting safety system
settings for those process variables important to reactor
safety,

3. delineation of the limiting conditions for operation which
define the lowest acceptable performance level for equip-
ment, and the technical conditions necessary for continued
cperation,

4. reauirements for surveillance of eguipment essential to reactor
safety,

5. description of those facility features important to reactor
safety, and

§. administrative controls required for safe facility operation.

Presentation of the UCRR TS in the above format orovides a more
concise and definitive statement of the limits on reactor operational
parameters. In addition, these specifications estabiish surveillance
requirements which ensure that the operability and accuracy of re-
quired safety related instrumentation and equipment is determined at
intervals-acceptable to the NRC Staff.

The new TS generally include the design features and operating charac-
teristics described in the original Operating License and in the FHSR.
The TS also incorporate additional surveillance requirements and admin-
istrative controls which will enhance the performance of safety
related equipment and the licensee's review and reporting of operations.
Consolidation of this information in the revised, more stancardized
far=at will provide an increased level of assurance that the

health and safety of the pubiic will not be encangerec. The

vised forrat of the TS reflects current Commission guidance

- +1Y & e A~
ané wili Sine

3

n
i O

~
-
-
~

b c

R P T ol =

a% 3 - & %
cii11zace yture

- . L

o -
e

3

"
ce
<

)

=3

i

1
]

1

)

ey

3D o I

[ A % ]
(R e Y
L

N =3
Pk g
L LA

o—lt




. R i ol @
.

NS

Stafs. The transfer of certain design characteristics and
operating parameters to the TS as limiting conditions for
operation consolidates all of the license restrictions ard
recuirements in a single document. Operation in ccnformance
with the TS will provide an increased level of assurance that
the health and safety of the public will not be endangerec.

The licensee has proposed changes to the existing requirements
of the license and FHSR and requestec these changes be inccr-
pora<2d as part of the limitations and restrictions of the pro-
posed TS. Each of these changes has Deen included in the pro-
psées TS and is evaluatad below.

1. Power Increase from 100 to 250 kw in the Natural Convection Mode

In the proposed TS (Section 2.2.2), the licensee increased the
limiting safety system setting (LSSS) from 100 kw (the current
requirement) to 250 kw in the natural convection mode. The licensee
desires this increase in power level in the natural convection mode
in order to broaden the experimental envelope for the UCRR. The
purpose of this LSSS is to ensure that automatic action is initiated
so that the safety limit (6.7 Mw) will not be exceeded during the
natural convection mode of cperztion.

Natural convection is the most limiting flow condition because the enly
driving force for flow is the buoyancy force caused by the difference
in temperatures between the cooiant in the core and that abcve the
core.

The LSSS of 250 kw is determined to meet the criterion that incipient
boiling will not occur which results in the absence of steam bubble
formation on the fuel surface. However, if the safety limit power
level of 6.7 Mw is reached, the density of the steam bubbles on the
fuel surface would be sufficient to prevent adequate cooling of the
fuel, resulting in overheating and possibly melting of the fuel plates.
This condition is known as "burnout.”

b

The licensee has calculated the LSSS Sased on a calculated lusselt
nurser for natural convection flow throuch the space between Two
heated parallel plates of finite size. The calculatsd power le el
when incipient boiling would cormence is 250 k This power 1is
adi.sted by a factor-of-safety ¢ 1.3 and then roundec off to cive
2n L5328 value of 280 Tha vaunsing-gff of the fina caleulates
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value aives an effective factor of safety of 1.4. No justi

was prgviced by the licensee for this factor-of-;afety; however, we
agree with the licensee that the 40% adjustment is reasonably
conservative and therefore judged acceptable.

The safety 1imit of 6.7 Mw was determined by the Gambill and Sundy
nnghod injwhich the pressure drops are equated to the df1ving “?f“

to obtain the flow through the core for natural convection cogd1.ioqs.
Having established the flow, the burnout heat flux 1s_g$ICu1a.ed 3s1ng
the Lowdermilk burnout correlation recommended by_Gamc1.1 and_sgn;y.
Garsi1 and Bundy further recommend that a reduct]on‘fa;:or of e
should be appiied to account for the metnod ¢f caicuiating the burncut
heat flux. This reduction factor compensates for the d1f7ere§ce in
the burnout heat fiux determined from test data in the subcooled
region (80 to 130°F) and that determined by the caIQUYated methgd.

The licensee has apflied the 0.2 factor in calculating the safety
limit of 6.7 !w wiich we find acceptabie.

Anv further uncertainties in these calculational methods are accommodated
by the conservatism existing in the large power spread between the

reactor scram setting at 250 kw and the safety Timit at 6.7 Mw.
Because of this large soread as compared to the change between 100 and
250 kw, increasing the LSSS from 100 kw to 230 kw will not result in

a significant decrease in the margin of safetly.

Based on the above we conclude that this proposed change in the
is acceptable and adequate assurance exists tha the health anc
safety of the public will not be endangered.

1S

2. Allowable Reactivity Worth for Movable Experiments

In the proposed i3 (Section 3.5.1.c(4)), the licensee increased the
reactivity worth from .15 to .25% of an experiment that can be
moved while the reactor is critical. Reactivity worths of recent
experiments at the UCRR have been falling in the range of .15 and
.25%. The existing license requires a reactor shutdown each time

these experiments are moved. The licens asires to reduce the
number of reactor shutdowns for experime, .. by increasing the level
of reactivity worth for movable experiments to .25%. OQur review for

this procosed change is summarized as foliows.
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Reactor power would increase until the control rods, responding
to a scram signal, would move far enough into the core to return
the reactor tc a critical state. Then the power wouid cecrease
to shutdown level: as the control rods continue to move to their
fully inserted position.

The safety concerr regarding such an event is whether the maximum
power attained will excaed the safety limit power level. The pro-
posed TS indicate that the safety limit power level for the most
restrictive mode of forced circulation operation is 14 Mw, and
that the safety-limit for the natural circulation mode is €.7 Mw.
nalvzed the ccnsegquenc /
th the forced circulat

i

0f an increazse in k
]
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on and natural circuligtion
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we have reviewed the anaiyses of reactivity insertion transients

and conclude that acceptable nuclear kinetic methods and nuclear

input parameters were used in these analyses. le also conclude

that the control rod insertion time assumed for compensation of

the positive reactivity which initiates the transient is consistent
with the TS on control rcd scram time (Reference Section 3.21 of
Supplement No. 2 to FHSR, April 1877), and that the initial power
assumed at the beginning of the transient corresponds tc the 2pp-
ropriate 1imiting safety systes set point. Although the time assumed in
the analyses for the insertion of the postulated 0.25% 2K reactivity
is difficult to justify, 1t is nct an important factor and couid cause
only a small error in the maximum predicted power. Even if the
insartion tine were assumed to be zero, which is the most conservative
value, the peak transient power woul!d be well below the safely

limit power.

For the forced circulation mode ana the natural circulation mode, the
analyses show that the maximum transient pcwer would be wei. Delow
the safety 1imit power. The proposed increase in reactivity insertion
(from .15 to .25% aK) would result in a 14 and 0.8% decrease in the
margin of safety for the forced circulation mode and the natural
circulation mode respectively. We have judged these values as an
insignificant decrease in the margin of safety. As just discussed,

this is true even if reactivity inserticn time i3 assumed to te Zero.

Dascnasd et} % " - - : 3.
g2sed on these results, we conclude that the procosed TS increasing
the reactivity worth for movabie exceriments from .13 to .23% are

:
sccentalle.
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3. Posl water Quality

TS Change Ne. 10 dated January 12, 1973, of the facility license
allows operation with pH between 5.0 and 7.5 and water resistivity
below 200K ohm cm but not lower than 70K chm cm for periods ur te
seven (7) days. The proposed TS (Section 3.7.c(2)) extend the
period of seven (7) days to fourteen (14) days with all other
operating conditions remaining the same.

The licensee requested this extension to prevent a reactor shutdown
during the work week when the water resistivity falls below the TS
limit. A reactor shutdown is required to rejuvenate the resin
columns, which is followed by a few days of full flow circulation
before the water resistivity is raised above the minimum TS limit
of 200K ohm cm. Such conditions usually occur three to four times

a vear. The licensee, for economic reasons, desires to postpone 21l
resin column rejuvenation pe 'iods to the normal weekend shutdowns,
aliowing a2 few additional da s in the fcllowing week for the water
resistivity to increase above the minimum 200K ohm cm limit.

The purpose for imposing a limit on water resistivity is to prevent
the possibility of fuel cladding failure by corrosion attack. The
licensee, in support of his request, submitted laboratory corrgsion
test data (Report CT 3027, Corrosion of Aluminum in Dilute Solution
Laboratory Studies, University of Chicago, 1945). After reviewing
the data, we concluded the following:

a. Test data showed that simulated river water'aving resistivities as
low as 5-6K ohm cm had minimal affect on the corrosion rate of
aluminum similar to that used as cladding material for the
fuel elamerts. The proposed TS does not permit the
reactor to cperate when the water resistivity falls below 70K ohm
cm,

b . Corrosion attack during testing on aluminum was less than 1 mil.
per year ynder more severe conditicns than those existing in the
reactor. These severe test conditions that existed
when the resistivity was as low as 5-6K ohm ¢m included the
addition of impurities (calcium, magnesium sulfate and sodium
chloride) in the simulated river water and high fluid velocity and temo-
erature. S.ch conditions do not exist in the pool water at UCRR.
The measured corrosion rate from the test data is equivalent %o
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¢. Conditions that affect the corrosion rate of aluminum are

pH, temperature and velocity. These conditions are not
changed by this request. i

Based on the above, we conclude that th § TS §

g : e proposed TS is acceptabl
and qdquate assurance exists that the health and safety of the h
public will not be endangered. '

4. Proposed Use of Uranium Oxide-Aluminum (U308-A1) Manufactured
by Powder Metallurgy Process

The proposed TS (Section 5.1) allow the use of fuel fabricated

from Uranium Oxide-aluminum (U,0,-31) using the powder metallurgy
process. The licensee proposes 0 add U.0.-Al to the list of the
types of fuel elements that could be usea gt the UCRR allowing
flexibility in the selection of alternate suppliers and thus enhancing
economic competition. Furthermore, presently the licensee is
procuring fuel elements from a European supplier, whereas the
accentance of this change will enable the licensee to obtain powder
metaliurgy fuel elements in the United States.

In evaluating reactor fuel elements, the major concerns are the
degree of dimensional stability during operation and the ability of
the clad surrounding the fuel matrix to contain fission products
throughout the incore service 1ife and durinc postulated accicents.
Orerating parameters that affect the dimensional stability are fuel
temperature, heat generation rate and burnup. In general, fuel
swelling will increase with the increase of these parameters.

On October 12, 1978, the Commission issued Amendment No. 25 to the
University of Michigan authorizing the use of the U.0 fuel in

the Ford Nuclear Reactor (FNR). Union Carbide CorpdrEsicn also
submitted experimental data supporting the safe use of U.0.-A1 fuel
in the High Flux Isotope Reactor (HFIR) at the Qak Ridge~nNational
Laboratory, Oak Ridge, Tennessee. For comparison purposes, the table
below shows pertinent operating parameters for U.0o-A1 fuel elements
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from the FNR wnich were found acceptable by the RRC Staff, and these
same parameters will exist in the UCRR. I1lustrating the data base
that exists for the proposed fuel, the table also shews typical
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i 3 meters for the prornc:i:l
Since the magnitucde of these operating param 5 1¢ . Fiha
fuel elements at the UCRR are similar to those at the FNR..CJL Safaty
Evaluation for Amendment No. 25(;0r1the U"iYe""fysﬁguﬁgcglﬁiﬁci‘;;‘

ly to this proposed TS (Enclos re 1. t bt b
:liZGGan{ operating parameters of the pr?p:sedtfuelf:&eth:hggxtq:;11
' those at the HFIR., We conclude, thereiore, thet ©

gﬁogglldb$%°:i11 not increase the potential of the existing hazard
level nor will the margin of safety be reduced.

; i i d TS limiting
Bzsed on the above evaluation,.,ye find this proposec g
the fuel operation to 1.5 x IOZY fission/cc acceptable.

Phvsical Securi:cy Plan

gv letters dated October 27, 187/ and January 2€, 1378, Union
Caroige Corporation submitted a complete revision of the Sec-
urity Plan for the Union Carbide Corporation Research Reactor.
The Conmission reviewed the plan against the requirements of 10
CFR Part 50, Section 50.34(c) and 10 CFR Part 73, and by letter
dated February 14, 1878. approved the revisicn of the Security
Plan. This amendment, in keeping with the current Commission
practice, adds a paragraph to the license which identifies the
Security Plan and incorporates the plan as a condition of the
license.

Envircnmental Consideration

The environmental portion of the croposed TS (Sections 3.8, 3.8

& 3.10) includes effluent release from the total facility whicn
includes the reactor, under NRC license, and the hot cells, unger

New York State (NYS) license. Such a condition is necessary because
of the use of a common stack release which makes it impractical to
separate radicactive effluents from the two licensed activities. The
conditions and requirements of these prorsed specifications are
interim because of the present unazvailab..ity of the metsorological
data needed to establish final specifications.

Qur review of onsite meteorclogical data submitted by the licensee
revealed a lack of specificity of certain parameters needed to
accurately predict the local meteorclcgical dispersion (dilution)
used in establishing radiocactive release limits and objectives ‘or
keeping radicactive effluents to "As Low As Reascnably Achievabie”
(ALARA), Oue to a degree of uncertzinty in these parametsr:, th
propesed using three radiciodine samplers to calcuiate zctual
constants. Thig is accomplished by ceontinual me
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ke rave accepted the licensee's orooosal as the basis for int.-
smecifications until further site metecroiogical information ‘s s.oolied
by tne licensee. We have concludec that selected environment:’ r. 3~
iodine monitoring to quantify doses for the purposes of estabiish?-3
that exposures are as low as reasonabdly achievable cannot be presentiyv
justified on a leng term basis. Such monitaring does, however, provide
greater assurance than previously availabie that radicactive effiuents
from UCRR should not exceed the limits of 10 CFR Part 20 at offsite
locations and that radiation doses to offsite individuals shoulc not
exceed 1% of the limits of 10 CFR Part 20.

These interim specifications include the following requireme~ts:

(1) The release of radicactivity in airborne effluents is limitec
such that the calculated concentrations at unrestricted areas
are less than one-third (1/3) of the concentration listed in
Appendix B, Table I of 10 CFR 20. This provices assurance
shz= radiation exposure due to airdorne effluents from the
facility to an exposed sopulation group in an unrestricted
area is within the limits specified in 10 CFR 20.106(e). To
provide coaservatism in the determination of the dispersion
factor, the interim specifications require the measured and
calculated values of the dispersion factors be increased by

a factor of two.

(2) The nroposed interim specifications establish ALARA objectives
for racdioa tive effluents at a level corresponding to 1% of the
1imit of 1¢ CFR Part 20 (5 mrem/yr sotal body dose and 15 mrem/yr
thyroid dose) at the critical residential site, These objectives
are the same as those used for light water power reactors as
described in Appendix I to 10 CFR Part 50. However, these objectives
dc not consider the cost-benefit aspect of further reductions of
radioactive effluents below the above jndividual dose cbjectives
based on population radiation exposures. As presented in Appendix
1 to 10 CFR Part 50, ALARA design objectives should be reduced
below the individual dose cbjectives if a reduction in population
dose correspending to a@ licensee expenditure of $1,000 per man-rem
of population dose can be achieved. To determine if the-indi-
vidual dose objectives should be lowered requires an svaluation of
the feasibility and economic impact of engineering methods of
reducing radicactive effiuents and the resulting reduction in pop-
ulation dose to the pubiic. If effluent reduction methods are
determined to be feasible and cost effective, +hen the individual
obiectives specified in the interim specifications will be recuced.
Further NRC review of this area will await the outcome of the
New York State Department of Environmental Consideration (NYS
review. MNYSOEC has the lead in this matter because rast of tne

i MY

NYSOECS

facility effiuents result from activities licensad by NYS.
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Based on the above, we have concluded that the propcsed interim
environmental portion of the TS would provide added assurance that
the 1imits of 10 CFR Part 20 are not exceeded in the unrestricted

arezs and that deses to individuals should not exceed 1% of the iimits

of 10 CFR Part 2C.

We have determined that the amendment does not authorize a change
in effluent types or total amounts nor an increase in power level
and will not result in any significant environmental impact. Having

made this determination, we have further concluded that the amendment

involves an action which is insignificant from the standpcint of
environmental impact and, pursuant to 10 CFR §51.5(d)(4), that an
environmental imsact statement or negative declaration and environ-
mantal irczct aporzisa) need not be prepared in connection with the
issuance of this amendment.

Conclusion

We have concluded, based on the considerations discussed above, that:
(1) because the amendment does not involve 2 significant increase in
the protebility or consequences of accidents previously considered
and does not involve a significant decrease in a safety rargin, the
amendment does not invelve 2 significant haza:ds consicerztion, (2)
t@ere 1s reasonadble assurance tnat the health and safety of the puéiic
will not be encangered oy operation in the proposed manner, and (3)
such activities will be conducted in comzliance with the Commission's
regulations anc the issuance of tris amendment will not be inimical
to the common deferse and security or to the health and safety of

the public. ' -

vatec: May 17, 1979
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