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Gentlemen: p3. .hr,x,, $O!I,Public Service Company of Colorado (PSC) considers that the
additional graphite reactor regulatory requirements requested by the f."::'A = *
Comittee to Brid the Gap in their July 7, 1986 petition for !Et,
rulemaking (Ref. 1)geare unnecessary and technically inappropriate for i r. L 's,'

,

application to the Fort St. Vrain Nuclear Generating Station. '"fy/"

tpSM,"':-
y;..r.,T'" '

'\)Si( n. .n... .r-

M:Bdk M #"M#y iM Ek :,v n s._.
, .

8702110146 870206 ) Q
PRM

a knowledged by card.. ;;,cg,h ,@R
'PDR c,,4 4

___- _ _-- _ _ - _
- __



- - . . . _ _ -_ _. _ _ . . __ __.

*
P-87037
Page 2
January 23, 1987 .

.

Rulemaking Petition Sumary

The petition requests that the NRC amend its regulations to require
operators of reactors that use graphite as a moderator or reflector
to:

1) prepare and submit for NRC approval fire response plans and
evacuation plans for a graphite fire, and ,,

2) measure the energy stored in their graphite and revise their-

safety analyses to consider the risks and consequences of a
graphite fire in their facilities.

The basis for the first requested amendment is the petitioner's
assertion "that the occurrence of a graphite fire at the Chernobyl
plant in the Soviet Union demonstrates that graphite fires are .

'

credible events." The "NRC and reactor licensees have held that
graphite fires are 'non-credible' events and as a result have failed
to take measures to help mitigate or extinguish such fires, should
they occur."

The basis for the second requested amendment is the petitioner's
assertion "that the NRC's generic analysis for energy stored in
research reactor graphite significantly underestimates the actual
amount of stored energy, and thus, underestimates the associated risk

i of graphite fire."

Credibility of Graphite Fires
'

%
The petitioner cites tlie Chernobyl plant accident as evidence of the

,

credibility of a graphite core fire, yet does not take into account
the causative mechanism or the significant differences in reactor

, design between the Chernobyl plant and the Fort St. Vrain (FSV)
) plant.
r

The Chernobyl causative mechanism, described in the Soviet report
presented at the IAEA Conference in August, 1986 (Ref. 2), was a
power su.ge due to a large positive reactivity insertion, which was
exacerbated by the reactor's positive void coefficient of reactivity.
The Chernobyl reactor was being intentionally operated at that time
in a regime outside its design basis limits.

PSC has addressed the possibility of various reactor accidents
resulting in graphite oxidation in both the original construction
permit and the operating license proceedings for FSV. These are
currently described in Section 14 of the Updated FSV FSAR, where it
is found that none of these postulated accidents lead to significant
graphite oxidation. Both the NRC and PSC have concluded, in these

,

.
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licensing proceedings, that an accident involving significant
graphite oxidation at FSV is not credible.

PSC recently determined that four simultaneous independent structural
failures would have to occur to permit the oxygen flow into the FSV
Prestressed Concrete Reactor Vessel (PCRV) necessary to initiate and
sustain significant oxidation of the FSV graphite. No credible
mechanism was found which could realistically create the air ingress
necessary to sustain such oxidation.

..

Nevertheless, PSC has identified a method that could terminate such
non-credible graphite oxidation and described it in Reference 3. In
this paper, PSC also pointed out some of the important design
differences between FSV and Chernobyl, which preclude the type of I

accident which occurred at Chernobyl. These include FSV's negative
reactivity coefficients, inert helium coolant, and high PCRV design
pressure capability. The Chernobyl event was caused,by specific
design features of that plant for which there is no analogy in FSV.
In their initial evaluation, the NRC staff has concurred with these

conclusions (Reference 4).
.

FSV already has an emergency plan which provides for action to
protect the health and safety of the public based on projected
offsite doses. A special " graphite fire" evacuation plan is
unnecessary. Additional special plans for this specific hypothetical
accident would require devotion of resources for the development and
maintenance of unnecessary procedures and documents.

The requirements requested in this petition would be duplicative of
regulatory actions that the NRC has already appropriately considered
and handled with respect to the FSV graphite reactor.

Stored (Wigner) Energy

Storage of Wigner energy is not a significant operating concern at
FSV simply because it becones negligible at temperatures higher than
500 degrees F. The average FSV graphite temperature exceeds this
value at power levels above approximately 7% of full power. Even if
FSV were to operate at 5% power for a month the accumulated stored
energy would be only 1.1 cal /g. The maximum possible adiabatic
temperature rise due to the release of this Wigner energy would be
only 4 degrees C, which is insignificant considering the design
temperatures of the core and PCRV.

9
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RECOM9ENDATION

PSC recommends that the NRC deny this Petition for Rulemaking, to the
extent it may apply to the Fort St. Vrain plant. In particular, it
has been shown that FSV has been designed such that neither a
graphite fire nor significant graphite oxidation is credible, and
that this plant operates at temperatures well above those at which
Wigner energy can be stored in graphite..

PSC concludes that the requests made in this petition are without
merit when applied to FSV, as the petitioner's allegations cannot
validly be concluded from the evidence presented. The stated
concerns have been detennined to represent no undue risk to the
public health and safety based on FSV Safety Evaluations and actual
plant operating experience. Implementation of these requests would
place a burden on PSC's resources with no resulting benefit to public
health and safety.

Very truly yours,

~

R. O. Williams, Jr.
Vice President,
Nuclear Operations

;

R0W/RS:jmt

CC: Mr. Samuel J. Chilk
Secretary of the Comission

,

Regional Administrator, Region IV
Attention: Mr. J.E. Gagliardo, Chief
Reactor Projects Branch

*Mr. R.E. Farrell
Senior Resident Inspector
Fort St. Vrain
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U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Correspondence and Records Branch

Re: Committee to Bridge the Gap; Petition for Rulemaking
(Docket No. PRM-50-44)

Gentlemen:

With reference to the subject petition for rulemaking alleging that the
stored Wigner Energy in graphite moderated Argonaut reactors represents a fire
hazard, the comments in this letter will show that the petition is groundless
and should be dismissed.

The University of Florida Training Reactor response to the Petition by
the Committee to Bridge the Gap will address three specific points:

1. Calculation of stored graphite energy, with reference to the alleged
error in NUREG/CR-2079 ( Analysis of Credible Accidents for Argonaut
Reactors);

2. Maximum temperatures achievable by release of Wigner Energy; and

3. Graphite combustability.

Calculation of Stored Graphite Energy

There are three basic units of graphite exposure to fast neutronsIII:
Hanford doce, Calder dose, and BEPO Equivalent Flux. BEPO Equivalent Flux is
the British Experimental Pile Oscillator thermal flux that corresponds to a
(BEPO) specific localized value for fast flux. A BEPO Equivalent Flux of 1.8 x10 2
10 thermal N/cm -sec represents a fast flux (>1 meV) of 6.2 x 10 N/cm ,12 2

The ratio of fast neutron flux to thermal neutron flux for a BEPO Equiva-sec.
fast fluxlent Flux is 1:29. The Upiversity of Florida Training Reactor (UgR

is about 1.3 x 10 n/cm -see while the themal flux is 1.1 x 10 indica-

ting a flux ratio of 1:8.5. The BEPO Equivalent Flux conversion factor for the
UPTR is then fast to thermal modified by 29/8.5, or a factor of 3.41 to indi-

the proper fast neutron exposure as a function of thermal neutron fluence.ca te

NUREG/CR-2079, Analysis of Credible Accidents for Argonaut Reactors, as-
sumes an operating history for the UCLA reactor of 12 MWD and a(stored energy5) The esti-of 5 cal /g. The UCLA reactor records a 21 MWD operating history .

mated 5 cal /g stored energy should gn be scaled to 21/12 x 5 - 8.75 cal /g to
correct for actual operating history . The estimated 5 cal /g also used an
uncorrected conversion factor (BEPO Equivalent Flux), strongly cautioned
against in Nuclear Graphite (l) . Corrected to a BEPO Equivalent Flux based on
the UFTR fast and thermal fluxes, the 8.75 cal /g is scaled by 3.41 to 29.9

$| k cal /g, in agreement with UCLA data at 33.5 cal /g.
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Note that the petitioner suggests a minimum value of stored energy of 39
cal /g(6) while measured values indicate a minimum stored energy of 19.2 in theI4)center island graphite and a maximum value of 33.5 cal /g It should also be.

noted that ( theoretically and as measured) stored energy is distributyd and
, fol-follows a near exponential decreage with distance from the fuel boxes2)

lowing the fast flux distribution This distribution is important because.

the maximum value of stored energy has reduced physical significance for the
temperature increase of a volume of graphite due to a hypothetical release of
Wigner Energy when compared to the volume average stored energy. The maximum
Wigner Energy is measured at 33.5 cal /g at a point: assuming a 1 cm cubed
block of graphite in the maximum position of stored energy with a homogenous
stored energy distribution over a plane parallel to the fuel boxes, the aver-
age stored energy content of that cube calculated by a conservative linear
average is 7% less (32.4 cal /g) than the maximum stored energy value (33.5
cal /g) based on relaxation length for fast neutrons of 14.5 cm. If the block
is extended to 10 cm from the core, where the value should be 16.8 cal /g, a
linear average (conservative approach) indicates the average energy relesse
from that 1 cm x 1 cm x 10 cm volume should be 24.9 cal /g, 25% less than the
maximum stored energy. The average value of stored energy for tre center is-
land graphite (again using a conservative linear average) is 35.5% less than
the maximum value: onaverage, less than 21.6 cal /g will be released in center
island graphite in the 1 cm section of graphite that represents the volume of
greatest energy stored between the fuel box and the core centerline.

Although the original analysis was predicated on assumptions that only
allow orders of magnitude accuracy, the values are appropriate for illustrat-
ing that the Wigner Effect is not a relavent issue. The corrected calculations
and measured values show that peak and average values of Wigner Energy storage
are extremely low, and "this level of energy is insuffic{ ggt, if released, to
heat the graphite by more than an insignificant amount."

Maximus Temperatures Achievable by Release of Wigner Energy

An increase in graphite temperature from an external heat source is most
nearly represented by annealing processes that remove stored Wigner Energy.
This section of the response to the petition uses data from annealing experi-
ments involving average values of stored energy. The release of the maximum
amount of stored energy occurs in graphjte (most limiting conditions) at 560

MWD /At. A stored-energy release curve is useful in determining an upper

boundary of the final value for graphite temperatures subject to annealing.
The use of these curves indicates that for 150 cal /g of stored energy from
operating to 400 MWD /At at 30*C, the maximum temperature of the graphite from
a Wigner Energy release is about 360*C, a change of 160*C above the annealing
tempera ture. The curve indicates that the maximum energy release that could ,

occur at less than 1000 MWD /At could only bring the final graphite temperature
to 450*C, a change of 260*C above the annealing temperature. Continued heating
does not result in spontaneous temperature increases.

.
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The petitioner suggests 39 cal /g presently stored in UCLA graphite at 21
)MWD of operation, with 113 cal /g in another 17 years of operation . The

stored-energy release curves do not extend to values less than 100 cal /gIII,
but the 100 cal /g curve suggests a temperature rise of less than 150*C.

It should be noted that even if the petitioner's values applied to all
the graphite in the core uniformly, temperature increase from Wignor Effect
would be less than 150*C above annealing temperature. In fact, the maximum
stored engy value is measured to be less than the petitioners alleged mini-, and any increase in temperature will occur as an average kineticmum value
energy increase over a volume rather than a specific isolated point. Average
energy storage values are more appropriate to determining the graphite tem-
perature rise in a hypothetical energy release, again reducing any potential
for effects of a hypothetical Wigner Energy release.

Although the petitioner grossly overestimates Wigner Energy storage
values, the petitioner's values do not present a hazard because an adiabatic
Wigner Energy release does not cause exessive graphite temperatures; and when
viewed as an energy distribution, the magnitude of stored energy under con-
sideration loses all significance to safety.

Graphite combustability

Graphite wilp only " burn," actually oxidize, under a very controlled set
Il

of conditions 7 . With a strong external heat source and a gg oxygen sup-8

. At theply, the surface of graphite will burn startig at about 650*C
UFTR, there is no strong graphite heat source ; air flow across the graphite

is regicted and essentially eliminated for the high stored-energy gra- .

and the surfa7e to volume ratio of the graphite and the pile stronglyphi te
7I. Recent experiments note that graphite heated in adiscourages combustion

furnace with forced air at 10 CFM will not flame, ha$8 . Thermite was firedincrease of 24*C, and only produces about 24 cal /sec
inside a graphite crucible (3.7 kg) releasing 3000 Kcal of energy in 11
seconds. Peak temperature rose to 1426*C. When the burn was completed, the

I9)graphite did not continue to burn . Strong evidance has demonstrated re-
peatedly that graphite will not burn without a heat source and will not under-
go selfsustained burning except under specifically controlled conditions.

The classic graphite fires, Windscale(10) and Chernobyl, were not prin-,

cipally graphite fires. Oxidation of fuel caused a heat producing system that
burned the graphite. If the heat sources were removed, the graphite would/did
discontinue burning.

Any attempt to establish a scen o for a graphite fire at the. UPTR is
blocked by a lack of ignition source and physical characteristics o{7)the

lowUFTR system such as the large volume to surface ratiogr the graphite ,

, low air flow through
exposure area of gragite surfaces to free air spaces
reactor void spaces and low operating temperatures .

.
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In summary, Wigner Energy storage effect will not store a significant
amount of energy in low power reactor graphite such as in the University of
Florida Training Reactor; the maximum temperatures achievable by such a re-
lease are insignificant; and graphite fires are not achievable due to the de-
sign of reactors such as the UFTR. Clearly Wigner Energy and graphite fires in
Argonaut reactors are not issues of concern. Therefore, we request that the

'-

petition be dismissed.

Thank you for your consideration.

Sin- ly,
,

m

.

4

P.M. Whaley
Acting Reacto Manager

o.3.v m {.
-

William G. Vernetson
Director of Nuclear Facilities

PMW/WGV/ps

'

Enclosures
.

cc: Reactor Safety Review Subcommittee
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