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SUNECT: 00hiTITY OF IODINE RELEASED TO C00LANT FOLLOWit!G A LOCA, FOR
RADIOLYSIS OF C0tmuSTIBLE GAS AT HILLST0rlE 1 C0f!SIDERAT10N
(TAC.f48293) ,

The Accident Evaluation Branch ( AEB) was requested by the Millstone 1 project
manager, Jim Shea, to provide an estinate of the amount of iodine, both
stable and radioactive, that would be released to the coolant. following a -

LOCA at the Millstone 1 plant.

The total core inventory of iodine, both stable and radioactive isotopes for
a typical equilibrium core with the fifilstone power level of 20M t1Ht is on the
order of 10 Kilograms, with some variation depending on fuel burny. For an
upper limit of burnup level of about 40,000 mwd /NTu the inventory is 13.7
kilograns of iodine.

The fraction of this inventory that could be released depends on the type of
accident postulated. The design basis accident postulated for site acceptabi-
lity, containnent systens (fission product retention) and mitigative engineered
safety features is described in Regulatory Guides 1.3 and 1.4. The design
basis accident with respect to conbustible gas control is described in Regulatory
Guide 1.7, which specifies a release of 50% of the core iodine inventory to the
sunp water as the appropriate assumption for radiolysis calculations.

The above described iodine releases are consistent with substantial overheating
of fuel which would result in the oxidation of a large traction of the zirconiun
in the fuel cladding. For BURS with inerted atanspheres like tiillstone 1, the
extra hydrogen produced from this reaction will serve to retard the formation
of a conbustible gas mixture in tt e containnent atnosphere. The large releases
of iodine acconpanying clad oxidation, therefore, are not expected to be the

; worst case with respect to the approach to a combustible gas mixture in the
containment.;

The licensee has provided estimates of the iodine release for a successfully
terninated LOCA, analyzed according to Appendix K criteria. For this accident,
there is little clad oxidation (<1%), and a limited number of clad perforations.
The licensee's analysis includes an assumed iodine release based on the gap
activity release neasured at ORill (R. Lorenz, et. al) for fuel from the Robinson
(PUR) plant.
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Since the gap inventory is a strong function of the heat. rating of the fuel, as
' well as' burnup, enrichnent, etc., the application of the ORUL neasurement to

fillistone 1 is of questionable utility. In the September 1982 meeting with the ,

j licensee, the staff suggested that gap inventories be calculated specifically
for the liniting conditions of the tiillstone reactor, using assumptions and
methods acceptable to the Core Perfomance Branch.

,

In addition to the established conservative criteria and assumptions for th'e
+wo Mefined design basis accidents (i.e., characterized by Appendix K and
10 CFR part '100, respectively) AEB has been asked to provide iodine release
estinates 'on a more " realistic" basis, particulary in -light of recent findings
concerning fission product source tems. In this regard it should he noted
that current research infomation indicates that . iodine release from the fuel4

} is larger, not smaller, than that envisioned at. the time of the generation
of the " tin source term." For-fuel undergoing a substantial degree of melting*

; (as assumed in TID-14844), current data shows that essentially-100f. of the.
; lodin+ would have left the fuel long before nelting temperatures are reached.
F (See NOREG-0772). , The nuch talked 'about reductions in source term results from
i more accurate modelling of fodine attenuation after it has lef t the fuel, not

lower estiaates of release from fuel. N of the attenuation nechanisms (e.g.,;

; plate-out on wet walls, washout by sp 'ubbing in suppression pools, etc.)
involve a renoval of iodine fron the , ,, nose, and results in accuoulation<

! af iodine in the liquid phase, i.e., the sump and torus water, so that a lower
' iodine co9ceritration iq the water cannot be expected on the basis of theses

-consideratt'ons/ It should also be noted that this condition would prevail
independent of the postulr.ted chemical fom (I2 or CsI) of iodine in the gas;

; phase.

Prnvided that the licensee has demonstrated an adequate margin between calcu-
7

lated conbustible gas concentrations and the appropriate flamability limits
I for; Appendix K and Regulatory Guide 1.7 accidents, the question of potentially

combustible gas ni.vtures for a LOCA falling snacwhere in between these two
,

extremes reaains. \|'e do not believe that a combination of the iodine release ,<

assunption of R.CJ 17 and the clad oxidation estimates of- Appendix K - typei

.

accidents is anpropriate. Rather than postulating additional combinations of-
? degraded ECCS 'karfomance and iodine releases as design basis events, it appears

appropriate for the licensee to demonstrate that his proposed solution provides
I protection against the fomation of combustible mixtures for the spectrum of

accident severity ranging fron Appendix K assumption to R. G.1.7 assumptions. -
For this approach it becomes necessary, however, to coorelate the iodine
release and the degree of clad oxidation for various core conditions. Recent
experimental measurmnts of iodine release in temperature range 1300-1500 C

. at UDL (Lorentz, et. al.) provide an appropriate basis for such correlations.
Although the ceasured iodine releases are ~a function of a number of variables,-
AEli would find an upper bound defined by the following points acceptable:

,
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1300 C - Release of 9a;vactivity,4 as calculats by AHS 5.4, other,

~'' nodels acceptable to CPH.sg
L .

1400 C - Release of an additional 1% of fuel inventory of fodine
,

,

h. b' ' s 1600 C - Release of an additional 30% of fuel inventory of iodine;

f,' 1700 C (or higher) - Release of StA of fuel inventory of iodine, i.e.

Regulatory Guides 1.3,1.4, and 1.7 assumptions.
.

-

Secause of the chemically reactive natu're of iodine, and the difficulty of'
fission product measureuent at high temperatures, a high degree of uncertainty,

is associated with the above fission product release estinates. Therefore,'

we recomend that a substantive safety narilin be maintained between the
~

estinated iodine releases described ebove and the maxinun iodine relcase
values tolerable with respectato radinlysis rates resulting in potentially
flamable gas nixtures. -
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