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July 24, 1979
Fort St. Vrain
Unit No. 1
P-79157

Mr. Themis P. Speis, Chief

Advanced Reactor Branch

Division of Project Management
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Docket #50-267

Subject: Fort St. Vrain Fuel Particle
Coating Failure

Gentlemen:

Analysis of Peach Bottom fuel element test data ipdicates that failure
of the outer pyrolytic carbon (OPyC) coating of Fort St. Vrain (FSV) Segment
1-7 fuel part¥cles will occur in greater numbers than originallyy anticipated.
The increase in the OPyC coating failure rate can be attributed t8 OPyC
coating microporosity characteristics in which either a lagk of strain
accomodatjon .in‘the fuel particle or matrix/OPyC coating interoction results
in coating failu:s.

The impact of OP}b coating failure upon the pgrformance of fuel particles
has been reviewed by PSC and General Atomic Company (GAC) with respect to the
performance criteria defined in the .V FSAR, and has been Teeged to"be of
little consequence. In particular, accident analysis preseffed in the FSAR
remain unchanged. However, as a precautionary action, the nicroporosity
evaluations were submitted to the 10CFR21 Evaluation Committees at both PSC
and GAC for determination of repov@abiiity $0 the NRC. The conclusions of
both committees were that the fuel particle microporosity question does not
constitute a defect or noncompliance which could create a4 sUbstqptial safety
hazard at Fort St. Vrain. ‘ '

'




Mr. Themis P. Speis
July 24, 1979
Page 2

Consequently, PSC is providing the NRC, for informatisa purtoces enly,
copies of both the PSC (Attachment A) and GAC (Attachment B) 10CFR21
Committee evaluations on the above subject. PSC withes to emphasize that
this submittal should not be misconstrued to be a safety hazard report under
the provisions of 10CFR21.

If additional information or th°, subject s desired, please contact
this office.

Very truly yours, .

k. iF o~

Frederic E. Swart
Nuclear Project Manager

FES/MLP:eg

Attachments
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| e ' ATTACHMENT A

FORT ST. VRAIN NUCLEAR GENERATING STATION
PUBLIC SERVICE COMPANY OF COLORADO

PART 21 REPORT EVALUATION
(Page 1 of 2)
Part 21 Report No. P21 - 0009

A. Describe Defect or Failure-to-Comply:_ _ Fuel Particle Microporosity

-B. Preliminary Evalua:ion:

-
m
wm
=
o

-Answer each of tr2 following:

7

). Safety related plant structure, system, component,
' pa[:t? : b TR .

2. Plant features described in the FSAR?
3. Plant fei.tures addressed in the Tech Specs?

4. Subject of an applicable NRC regulation?

LRLE N
|

§. Sitvation is not reporiable under the criteria of
. Yech Spec 7.2c, 7.5.2a, or 7.5.2b.

Nute: At least one 'yes" box must be checked zbove for the Defect or Failure-
to-Comply to nave the potenti:l for creating 2 Substa:.tial Safety Hazard.

C. Determine if a Substantial Safety Hazard Exists:
No A situation which could contribute to the release of licensed material.

o A situation whi.ch could contribute to public racdioactivity exposure
e-ceeding the calcuiated exposures of FSAR DBA No. 2 by 25 percent.

NO A situatic~ which could result in failure of a safety related component
or device to operatc.

NO A deficiency in the design, construction, inspection, testing, or use of
a licensed facility or material which ¢ uld downgrade the margin of safety.

NO A siteation that could result in a failure of the physical security
system to meet the approved Security Plan,

D. XX The Defect or Failure-to-Comply meets none of the above triteria.
- 1
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° ATTACHMENT A
{continued)

"PART 21 REPCORT EVALUATION
(Page 2 of 2)
Part 21 Report No. P21-_ 0009

e

Evaluation Notes and Comments:
The Evaluation Team met on May 21, 1979, to determine if fuel particle micro-

porosity was reportable under Part 21. It was determined that additional in-

formation would be required in order to make a decision. The meeting was ads e

‘Journed until such time that Mr. Fred Swart would be available to discuss this

matter with the Evaluation Team. On May 30, 1979, the Evaluation Team met with

Mr. Swart and after discussion, concluded that this problem did not meet the

‘eriteria for reporting under Part 21. The Evaluation Team, however, recommended

-to Mr. Swart that the Nuclear Regulatory Commission be made aware of the fuel

Evaluation Team and Other Participants: particl microporosity problem. He

- . ccncurred and will handle the matter,
1.__Larry McInroy 2. _Milt McBride 3. F. E. Swart

-3 U Labn - & 6.

“Conclusion: ‘

-The Evaluation Team has concluded (unanimously)(BPOEEIOEIIOVGIZ) that the
Defect or Failure-to-Comply described on the attached Part 21 Report (&%)
—{daes not) create a substant1a1 safety hazard.

Majority: A D Fneani s 2 ﬁé / & /@,&: 2%2;4..;:9(,
Minority: /j

Part Z1 Report to the NRC No. 50-267/_%/a  (if prepared)

4941552;// 57

uation Team Leader ‘ te
Remarks:
DISTRIBUTION
Senior Vice President, Operations Vice President, Engineering and
Resident Engineer Planning
Superintendent, QA Services--Original Manager of Production
Supervisor, Technical Services Manager of Engineering
Records Storage Building Nuclear Production Manager
Part 21 Report Initiator Manager of Purchasing and Stores

Quality Assurance Manager

185 064
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FORT ST. VRAIN NUCLEAR GENERATING STATION :
PUBLIC SERVICE COMPANY OF COLORACO »

- PART 21 REPORT

Report No. P21- 0{2@? --———(For Eva;luation Team Use Only)

(Note: See Interdepartmental Work Procedure IWP-5 for instructions on how tc
complete this form.) DR

Inftiator (print): F.E. Swart

Work Location: - — ——Montbello - - - 4hon'e: - 571-6687

Basic Component or Activity Involved: Reactor Fuel

 pefect or Failure-to-Comply: See attached memo, F.E. Swar® to J. Gahm,
dated May 18, 1379. ‘

Substantial Safety Hazard Created by Defect or Failure-ti-Comply: See above
referenced memo. - '

s/chs

Date

Mote: Please send this completed Part 21 Report to Supervisor, Technical Services,
Fort St. Vrain. A copy shall be given to the initiator's immediate super-
_ visor far information. = __ __ _ e -



vomm sse-sresss  INTER-DEPARTMENT MEMO — PUBLIC SERVICE COMPA OF COLORADO

re_ May 15, 1979 -
: — - - { % ¢
vo_ Mr. Jack Gahm, Supervisor i hRiCAL_Services
grom__Freeric E. Swart - — Ngcle‘?r Pro1e§thla.n§‘ger
_ATTN.__JOCFR21 Report Evaluation Team )

Fuel Particle Micropcrosity

The following represencs an evaluation performed by the Nuclear Project
Department on the subject of fuel particle "microporosity”. The results of
the evaluation indicate that the fuel particle microporosity question does .
not appear to constitute a defect or noncompliance which could create a sub-
stantial safety hazard at Fort St. Vrain., = 7 iy A

This evaluation is being forwarded to the 10CFR21 Report Evaluation Team
for independent assessment and determination of reportability to the NRC:—

-- -~ Quter Pyrolytic Carbon (BPyé)'Microporosity e ]

- - - —— - - - - - 4 8 <
== - - —_—— — - -— - — -

Backgrdund: T \ . " L E

GAC analysis of Peach Bottom fuel test elemen: data indicated that failure
of the 0P C coating of “the fuel particiesin—Segments 1-7 at Fort-St. Vrain ——
could be expected to occur in larger numbers than originally estimated. This
condition is attributed to OP,C microporosity characteristics that could cause
failure either from 1) a lack”of strain accommodation in the fuel particie or
2) matrix/0PyC interaction. . o P ag i — mmn | e

Impact:

Failure of the OPyC coating on fuel particles could result in greater than
expected fuel particle failure with the attendent fission product release which
increases the activity .f the primary coolant. Attachments 1 and 2 indicate
that the expected fissile and fertile particle percentage failures in layer 3
of the Fort St. Vrain core (highest temnerature and core burnup layer) at 100%
power will increase to approximately 1./.. causiag an overall core fuel particle
failure percentage increase to 0.95%. _ _ '

e - I —— —— s ——

The effect of the increased failed fuel particle percentage on circulating
activity in the primary coolant is shown in Attachment 3 where the circulating
activity change is described in terms of Kr-85 release rate/birth rate (R/B) in
layer 3 of the core at 100% power. Attachment 3 assumes total hyd~~1ysis of
the kernels of the failed fuel particles wnicn represents the worst case. mt
the end of cycle 4, tne primary cooiant activity would approach iechnical Speci-
fication limits.

_ Under these worst case assumptions, Attachment 4 indicates that plant opera-
tion must be restricted to 757 thermal power with the present fuel in order to
not exceed Technical Specification limits. At 65% power, primary coolant acti-
vity remains well within Technical Specification limits as shown by Attachment S.

se--ALL---.ANY "
ez ft)?a-‘ Lt7(}1 s ;
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Mr. Jack Gahm
May 15, 1979
Page 2

Safety Analysis:

Attachment 6 is a summary of the effect of fuel OP,C coating failure on the
Design Basis Accident [DBA) #1 doses at the plant Exclution Area Bounda - (EAB)
and Low Population Zone (LPZ). The dose figures are in agreement with thz FSAR
with the exception of the LPZ thyroid and bone doses. These discrepancies were
questioned in item 3 of PG-0012 and were ispositioned by GAC as being the re-
sult of refined analytical methods. Using older analytical tools, the LPZ
thyroid ana bone doses would agree with the FSAR.

Att: a2nt 7 delineates the findings of an experimental program at GAC to
validate the analytical models used for the fuel failure calculations. It is
evident that the fission product release as a function of temperature is inde-
pendent of the OPyC coating condition. Under accident conditions where fuel
temperatures rise” above 21009C, it can be seen that primary coolant activity
will not be dependent upon the OPyC coating.

____ Attachment 8 is a comparison of the various DBA #1 fuel failure model results.
The "Original FSV Model" assumes total fuel failure at approximately 1720°C and
i{s the basis for the information existing in the FSAP. Minimal difference is
shown for the "No OP,C Failure" and "0P,C Failure" model results which apparently
diminishes the concern of the fuel part¥c1e microporosity problem under accident
conditions. The solid line represents the C-re Heat Up Simulation Test (CHST)
results which indicate that all analytical models used to determine fuel particle
failure were conservative.

_ PSC letter PG-0012, Attachment 9, requested information from GAC concerning
the effect of fuel particle microporosity on the additional safety analyses per-
formed in the FSV FSAR, Attachment 10 is the GAC reply, GP-0J28, which states
that all plant accident analyses were based upon "design” activity levels that
assume a 5% fuel particle failure. The acc.Jdent analyses in the FSAR thus remain
unchanged.

Technical Specification LCO 4.2.8, Primary Coolant Activity, specifies the
limiting conditions of operation with regard t7 circulating activity, and is
based upon the "design" levels used in the FSA' accident analyses. Thus, com-
piiance with LCO 4.2.8 will ensure no reduction in the margin between FSAR cal-
culated accident doses and 10CFR100 limits, regardless of fuel failure due to
the microporosity problem.

In conclusion, the microporosity problem does not appear to involve a sub-
stantial safety hazard due to the following:

%) No contribution to the release of licensed material has been created
as discussed in the above paragraphs. All licensed materi:l is con-
tained within the PCRV at activities less than the "design" value
which would result in an offsite dose significantly below the 10CFR100
permissable value during accident conditions.

485 087



Mr. Jack Gahm
May 15, 1979
Page 3

2) The calculated exposures of FSAR DBA No. 2 remain unchanged as the DBA
is based upon "design" activity in the primary coolant.

3) No safety related component or device would fail as a result of the
microporosity problem.

4) No margin of safety reduction has been created as the margin of safety
is based upon "design" activity levels in the primary coolant.

§) No physical security considerations.
Should your review require additional information, please contact me.

/

.:Z;b¢4£;¢4;45 .;5?1;55147L&;-

[ Frederic E. Swart

FES/MLP:ler
Attachments . s

cc: J.K. Fulle-

4é55'ﬁ38
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SUMMARY OF FAILED OPyC COATING EFFECT ON DBA #1
. LTA ! UOSE (Rem)
' : | Heat Load EAB_At Two Hours LPZ At 6 Months
,At 9 Hrs. ~ Whola Whole .
Case ((0TU/Hr)  Body Gamma Thyroid . Bone ° Body Gamma Thyroid Bone
Current Submittal 28,000 (n) (1) (1) 3.7-04 4.2-02 1.1-03 -
Estimated Fuel Faflure | 14,000 3.5-06 3.6 06 2.0-10 3.7-04 4.2-02 1.1-03
With Microp rosity '
\ .
Estimated Fuel Faflure | 11,000 ~° 2.8-06 3.0-06 2.0-10 . 3.7-04 4.2-02 1.1-03
Without Microporosity | ‘ ' ‘
10CFR100 Limits 25 T 300 . 150 25 300 - 150
. i . =
(1) HNot reported in FS;\R or SER. \ )
; : \
. z . \ - . : e
i> | Ll 4 I
R \ : ' [
N ‘ :
, \ ! :
- \ |
* = \ ) . . |
. ) ‘ .
, ;
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-
-



T e . ' ub‘-'—-'

l.O T T T
CT6B 932 (Fertile B) ‘e
@ OPyC Missing (27.0 hr CHST)
(2) 0.8} O oPyC Intact ' (26.5 hx CHST) ® 4.
§ e
o o
u. 06} ) .
L)
U) .
: , ..
193} 04 ™ -
o (o)
Te’ O
@ @
'
& 0.2} ® . E
; e
_ o ®®
o’ ,\r' ?\. ‘o’m%‘n..r\.o‘r..\ 2,

900 1000 1300 1500 I700 1900 2I0 2300 2500
TEMPERATURE (°C)

~ Figure 3. Xr-85 Release Fractions Observed as a Function of Temperature

During 30 hour CHST's Conducted on Fertile B FSV Production Fuel

with and Without Outer Pyrocarbon Coatings
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for DBA #1 Conditions with Model Based on CHST Data, The
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Induced OPyC Failure
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ublic Service Company ™ (opopagio. P

P.0. BOX 840 - DENVFR, COLORADO 80201
hM- H. HOLMES .

e L. M. McB
February 15, 1979 CORIOE \\

‘F’o:t St. }l!:-ain --—-l') F‘;-,REESY
nit No. — D. W. WAREMBOURG
- - —H. L. BREY
' - FSV RECORD STORAGE
Mr. W. A. Graul, Project Manager . re— W. M. HAWKINS - GA
- E:rt S%. vrain groject . .' KFSV s
neral Atomic Company SR
P.0. Box 81608 ~ - —FSVvaz

San Diego, California 92138 - —— PSC.WORK MANAGER
' e s Subject: Fuel Particle Outer Coating Failure

Reference: PSC/GA Meeting 1-23-79
"1 on "Microporosity"
' 6LP-$820
Dear Mr. Graul: . . o

. The January 23, 1979 General Atomic Company (GAC) presentation to Public
Service Conpany (PSC) on the subject of fuel particle coating "microporosity"®
fndicated that failure of the outer pyrolytic carbon {OPyC) coating of Fort
St. Vrain (FSV) fuel particles was expected to occur in greater numbers than
previously anticipated. GAC's analysis estimated that approximately 1.7% of
both the fissile and fertile fuel particles will experlence fa1]ure after
several cycles of exposure in the FSV reactor.

PSC 1is review1ng the material presented by GAC at the meeting to determine if
compliance with the regquirements of 10 CFR 50.52 nave been achieved and if the
event is reportabie under 10 CFR Part 21.

In order to conduct this evaluation PSC requires additicnal information on how
GAC took certain FSAR statements and Technical Specification requirements into
consideration in assessing the microporosity problem. Specxflcally, GAC 1s
reQuested to provide PSC with the follow1ng information:

Item 1 - FSAR - Table 3.7-1 Primqu Coo1ant Svstem Actfvit}es

‘ Table 3.7-1 of the FSAR contains the “expected" gas-borne activity for
each isotope in the primary coolant at a reactor power level of 842 M{(t).
The "exnected" values are -.sed upon the GAIL (IV) krypton and xenon release
curves whlch represent a fuel partlcle failure percentage of .8%.

-— PRSP e

°rovide the new "expected" gas-borne activity for each isotope based on
the anticipated fuel particle failure percentage of 1.7%.




o or Snec. LIC DERVICE onnuvorﬁno—nnq—w

Item 2 - FSAR - Tables 1.2-1 and 14.13-?

F3AR Tables 1.2-1 and 14.13-~1 summarize the of f-site doses resulting
from Design Basis Accident (DBA) lo. 2 and the Maximum Ciredible Accident.

Provide the necessary analysis and technical basis to determine the
expected off-site doses for DBA No. 2 and the Maximum Credible Accident
considering the higher level of “expected" activities obtained from Item 1,
above.

Item 3 - GAC "Microporosity" Safety Appendix Handout 1-23-79

The Safety Appendix Handout provided to PSC by GAC contains a table
titled "Summary of Failed OPyC Coating - Effect on DBA No. 1." The low
population zone (LPZ) dose (Rem) at 6 months is estimated by GAC to be the

following:
Body Gamma Thyroid Bone
3.7 x 107 $.2x10%2 1.1 x10°3

| ——————— |

\
| )
Whole - ' :

Provide the analysis and technical basis to document the above LPZ doses.
It should be noted that the figures developed by GAC for thyroid and bone doses
exceed the existing FSAR LPZ figures shown in Tables 1.2-1 and 14.13-!
(3.6 x 102 and 1.0 x 10-3, respectively).

Item 4 - FSAR - Table 14.11-1 - g >

Table 14.11-1 .f the FSAR shows the dose at the Exclusion Area Boundary
(EAB) to be 5.0 rem (thyroid) and 0.075 rem (bone) for the Maximum Hypothetical
Accident, DBA No. 2. ' :

) Provide an explanation as to why the Table 14.11-1 doses differ from the
thyroid and bone doses indicated in FSAR Tables 1.2-1 and 14.13-1 (17.4 rem
and 4.8 rem, respectively).

Item 5 - FSAR Figures 14.10-4 and 14.10-5

FSAR Figures 14.10-4 and 14.10-5 indicate fission product activity versus
time for DBA No. 1. ’

— - o —

| ———— ——— ———

Indicate and substantiate any changes that will be required to the-e
qraphs as a result of the increased fuel particle failure percentage.

Item 6 - Technical Specification LCO 4.2.8

Technical Specification LCO 4.2.8 requires that the product of primary
coolant noble gas beta plus gamma activity multiplied times £ shall not exceed
2.40 curies-MeV. per 1b. (where E is the weighted average of the beta and
gamma energies per disintegration in MeV).

L4

4851 018




uvc Seavice Companyor CoLora ‘ Dare 2-15-79

“Describe the effect of the increased particle failure percentage on the
product of item 5 and provide supporting documentation.

Item 7 - Basis for Specification LCO 4.2.8

- The table on page 4.2-9 of the Technical Specifications titled “Activity
Levels Determined by the Depressurization Accident" lists values for plate out,
environmental release and resulting dose.

Provide the analysis indicating if changes to the table will be required
as 2 result of the increased fuel particle failure percentage.

Item 8 - FSAR Question 14.12 (Amendment 18)

Question 14.12 contains the basis for expecting the fuel particle failure
percentage to be less than 1%. .

Provide any revisions to the response to this question which may be
appropriate, including the basis for the revisions.

Item 9 - GA-10600, HTGR Fuel Specifications

Documents 4.1.4.1 and 4.2.4.1 of GA Fuel Specification GA-10600 define
the outer isotropic fuel particle cn2*t“ng process for (Th,U)C, and ThC, triso
particles, respectively. In each of the documents, m1cropor051ty limits are
set solely by a visual standard with a specified percentage 0¢ the fuel
particles allowed to exceed the porosity of the visual standa.d.

The handout presented to PSC by GAC contains a graph of OPyC mic.o-
porosity as a function of the OPyC coating failure percent which indicates
OPyC coating microporosity values of 20 to 32 ml per kg will result in
minimum OPyC failure.

Define the relationship between the fuel specification visual standard
and graph of OPyC microporosity. Was the FSV fuel fabricated in accordance
with the visual standard requirements? How will GAC modify the fuel specifi-
cations to assure that OPyC coating microporosity will fall in the range of
20 to 30 ml per kg for future fuel fabrication?

In view of the responses to the above requests, GAC is requested to submit
determinations as to whether the microporosity problem involves a 10 CFR 50.59
unreviewed safety question or a 10 CFR 21 substantial safety hazard. GAC
should submit the 50.59 safety evaluation and the 10 CFR 21 evaluation whmch
support GAC's determinations.

Due to the possible implications of the microporosity problem, GAC is requested

-to respond to the above requests by March 9, 1979.

Very tru1y yours,

Fre?er1c E. Swart
- ~ Nuclear Proj
s 48;\ C’. g roject Manager

FES/MLP:1Im



QENERAL ATOMIC COMPANY
P.O. BOX 81608 -
BAN DIEGO, CALIFORNIA 2138

Denver, Colorado 80239 S———— i © . FsY

(T14) 4555000
. March 19, 1979
6P-0028-P

. GP Uodlf(IBUTION
' o g T RGEL Swart
Sl : ~ . -3 M.H. Holmes
Mr. F. E. Swart = ¢+ L.M. McBride
Nuclear Projects Manager ‘ : 7 J«R. Reesy
Public Service Company of Colorado *  D.W. Warembourg
12015 E. 56th Avenue : : . H.L. Brey
Suite 440 ~ FSV Record Storage

Subject: Fuel Particle Outer Coating
. o, Microporosity

- - - ~-=- == -- - Reference: PG-0012° : | -
bear Mr. Swart:

‘Your letter of February 15, 1979 (PG-0012) requested additional

{nformation regarding General Atomic Company's assessment of fuel
particle performance in view of our current understanding of the
$nfluence of outer coating microporosity. Specifically, nine items
of information were reguested. In addition, PSC requested that GAC
submit its dcterminations as to whether the microporosity situation
{nvolves an unreviewed safety question as defined in 10CFR50.59 or
represents a "substantial safety hazard" as defined in 10CFR21.

GAC's response to the nine specific requests for additional informa-
tion are enclosed. ‘

YOCFR50.59 applies to changes to the facility or facility 6perat1ng

procedures as described in the safety analysis report or applies to
conduct of tests or experiments in the reactor not described in the

safety analysis report. The microporocity situation is not a change

%'/PMQW +h s ‘ T 485 02

to the facility as described in the F3AR. Any reduction in margin
between "expected" and "design" activity levels as a result of micro-
porosity does not constitute a reduction in the margin of safety
defined as the basis for any of the technical specifications.

1LV



ERL e Rk SRR e

igpecifica11y, technical specification LCO 4.2.8, Primary Coolant

tivity, defines limiting conditions for operation and is derived

~--dfrectly from FSAR “"design" activity levels.) Accordingly, it is
GAC's position that the provisions of 10CFR50.59 are not relevant
to the microporosity question.

With regard to 10CFR21: General Atomic Company has been conducting

a safety evaluation of the microporosity question relative to 10CFR21.
As discussed on January 23, this evaluation consists of two phases.
Phase 1 was an analytical study based on the available data and was
completed in December, 1978. GAC concluded that the microporosity
sftuation does not constitute a “substantial safety hazard" as

defined in 10CFR21.

“Phase 2 of the evaluation is an experimental program involving core
heat up simulation tests. This program was initiated to confirm that
the models used in Phase 1 are conservative. The actual testing

- portion of Phase 2 has been completed and the final rerort is scheduled
for completion by April 30, 1979. The experimental data confirm our
fnitial belief that the analytical mocels used ir the Phase 1 analysi.
were quite conservative. _

~ Documents issued by GAC's 10CFR21 cormmittee are enclosed. The technical
>~ basis for these documents, which is quite voluminous, is available at
GAC for your examination.

If you have any further questions regarding this matter, please let
me know.

g’ ' =l Very truly yours,
T AL e Q//vﬂée——r

) . A. Graul, Manager
e , - “Fort St. Vrain Project

Enclosures

o
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GAC RESPONSES TO ITEMS IN PG-0012

ITEM 1 - It appears that clarification is required with regard
to "expected" and "design” activity levels, the assumptions made
in calculating them, and their use in safety evaluatioms.

The "expected” activity levels shown in FSAR Table:s 3.7-1 and 3.7-2
were calculated assuming that fission product release charac-
teristics of the fuel in the Fort St. Vrain core would be the

game as those of the fuel irradiated in the GAIL IV experiment.
They represented GAC's best estimate, at the time when the FSAR
was wocitten, of the egquilibrium primary coolant system activitye.

Calculations performed during the desien of the reactor (as well
- as our most recen:t calculations, which include the effects of
microporosity) inc.cated that less then 1% of the coated fuel
particles would fz:1 in service. Nevertheless, to provide for
the possibility that particle failure modes unforeseen during
the design of the plant might exist, a second set of primary
circuit activity levels were calculated - the "design" activity
levels. Tha "cesign" activities were calculated assuming a aon-
mechanistic average particle failure of 5%. No 2llowanc. for
hydrolysis of the kernels of failed fuel particles was provided.

All accident analyses in Chapter 14 of the FSAR use "design"
activity levels as initial source terms. Continual updating cf
*expected” activity levels as new data on coated particle per-
formance are obtained is neither practical nor necessary. For

the purpose of making a judgement with regard to public health

and safety, .t is not the "expected" activity which is of interest,
but rather the "design" values of the gas-borne activity.

As noted above, no allowance for hydrolysis of the kernels of
failed fuel particles was provided in the calculation of "design:
activities. The effect of hydrolysis 1s to increase the release
rate of gaseous fission products Ircm failed fuel particles Dby
about a factor of 18.

Therefore, given a certain number of failed coated fuel particles,
the resultant gas-borne activity level is about a factor of 18
higher when total hydrolysis of failed fuel occurs than when

no hydrolysis occurs. Conversely, for a given gas-borne activity
- level, the amount of failure required t»> produce the activity
level is about a factor of 18 higher when no hydrolysis occurs
than when total hydrolysis occurs.

Technical Specification LCO 4.2.8, Primary Coolant Activity,

defines limiting conditions of operation which are directly

- derived from the "design" gas-borne activity levels in the

FSAR. Accordingly, compliance with LCO 4.2.8 assures that the
maximum levels of gas-borne activity in the primary coolant

are consistent with the assumptions used in FSAR accident analyses.
The total amount of fuel particle failure necessary to produce
activity levels approaching LCO 4.2.8 levels depends upon the amount
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of hydrolysis of failed fuel kernels which takes place. It

will be about 5% if no hydrolysis occurs, or it may be less than
5% if hydrolysis takes place. However, as long as the provi-
sions of LCO 4.2.8 arr~ met, there will be no reduction in the

large margin between :'SAR calculated accident doses and 10CFR100
limits.

The . .uary 23rd presentation on microporosity and its impact

- on ecirculating activity curing normal opsration was based on

current projected fuel failure and total hydrolysis of the failed

- fuel. Since the consegquences (LTA heat load, LPZ doses) of

Design Basis Accident #1 are most severe for the largest assumed
dnitial fuel failure percentage, the effects of microporosity
on the accident analysis were determined assuming 5% of failure
and "design" activity levels. Again, compliance with LCO 4.2.8
assures that "design" gas-borne activity levels will not be ex-
ceeded.

ITEM 2 - Since all accident analyses in Chapter 14 of the FSAR
uUse "design" activity levels as initial source items (Technical
Specification LCO 4.2.8 prohibits plant operation with activity
levels in excess of "design"), no changes in the analyses are
necessary due to any variation in the "expected" gas-borne
activity. Therefore, Tables 1.2-1 and 14.13-1 remain valid

as presented in the FSAR.

ITEM 3 - It is correctly noted that “he LP2 doses in the hand-
out of 1/23/79 differ from those given in the FSAR. This slight
discrepancy arises from minor improvements in the methods for
dose calculation which have been developed in the last ten
years. The newer methods were used to calculate the doses
gshown in the handout used in our presentation. Using the
older methods, the handout would agree exactly with the FSAR.
The point of the table, however, is that failed OPyC coatings
have no perceptible effect on the conseguences of DBA 31,

a?g that resultant doses are substantially less than 10CFR10Q
limits.

The analyses which support the doses shcum in the table are
extensive - on the order of 104 pages ¢f computer output and
103 pages of notes and documentation. These are available

at GAC for your inspection should you wish to make arrangements
to examine them.

185 |
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ITEM 4 - An explanation for the different deses can be found
In FSAR Section 14.11. The doses in Table 14.11-1 for the
Maximum Hypothetical Accident include only the release of the
Yaesiun' gas-borne activity, while the doses for DBA #2, as
presented in Tables 14.11-4, 1l.2-1, and 14.13-1, also include
a fraction of _.he removable, plated-out fission products
‘10‘. ¢ lift Ofi) .

-——

JTEM 5 - As stated in the response to Items L and 2, all ac-
cident analyses in Chapter 14 are based on "design" activities,
not "expected". Accordingly, no changes are appropriate or
necessary for Figures 14.10-4 and 14.10-5 since the "design"
activities are unchanged and cannot be exceeded per the
provisions of Technical Specification LCO 4.2.8.

ITEM 6 - The value of 2.40 Ci-Mev/lb specified in Technical
Specification 4.2.8 is directly derived from the "design" cir-
culating activity levels given in the FSAR. No changes t9
*dosign” activities or to LCO 4.2.8 are necessitated by the
new information on microperosity.

YTEM 7 - No changes to the table on page 4.2.-9 of the Technical
§pec1fications will be required as a result of the microporosity

situation. The eguivalent activity levels shown n the referenced

table were developed from the “"design" activity . vels in the
FSAR. ;

ITEM 8 - No revisions to the response to Question 14.12 are
required. The 1.7% fuel particle failure percentage referred
to in your letter and shown in the view graphs presented on
January 23 was calculated only for fuel in active core axial
layer 3. The fuel in this layer experiences the highest
burnup and temperatures in the core, conditions which tend

to aggravate fuel failure. However, the core average fuel
fajilure at the same time point, tuking into account axial
burnup and temperature distributions, is 0.95%, which is
consistent with the response to Question 1l4.12.

ITEM 9 - PSC avpears to have confused "OPy~” oriented porosity",
which has been specified for some time in GA-10600, with "OPyC
microporosity", which was discussed with PSC on January 23rd.
Oriented porosity is specified to restrict the distribution

of porosity within a pyrocarbon layer and is measured by metal=-
lographic visual standards. OPyC microporosity is specified
to limit the amount of surface connected porosity and is
geqpqudsby a high pressure mercury intrusion technigue.

-

!
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1 fuel fabricated for Fort St. Vrzin is produced
4n accordance with the oriented porosity visual standards.

Currently al

a change to GA-10600 has recently been approved which

However,
rmined by mercury

restricts the amount of nicroporosity dete
intrusion.

This change defines the following OPYC microporosity require-
ments: .
1) Mean OPyC microporesity on (Th/U) C, and ThC, fuel
- particle composits is 2> 13 ml/Kg-0PyC and « .2 ml/Kg-OPYC
-~ for R-1 type matrix, and is > 13 ml/Kg-OPyC and < 38 ml/Kg-

__OPyC for R-2 type matrix.

2" Volume fraction of active coating gases if > 0.25 during
OPyC coating of (Th/U) C2 and Thcz.

These specifications differ in two respects with regard to the
20 to 32 ml/Kg-OPyC limits gquoted in your letter. First, the
1imit of 20 M1/Kg-OPyC was never proposed and is most probably
a misunderstanding with regard to 17 ml/Kg-0PyC, a limit
originally considered. Eowever, this limit was subsequently
reduced to 13 ml/Kg-OPyC with the addition of the-process
control on the volume fraction of active coating gases.
Secondly, the upper microporosity limit, which was directed at
minimizing matrix-OPyC coating interaction, was relat.d to the
process conditions associated with different matrix types used
in fuel rod fabricaticn. Microporosity € 32 ml/Kg-OPyC is now
specified for cne ratric type (R-1), and < 238 ml/Kg=-OPyC is
specified for the second matrix (R-2), as each matrix requires

a different injection pressure. I
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Attachementy B

RECD JUN‘,}oél i879

GENERAL ATOMIC COMPANY
P.O. BOX 81608
SAN DIEGO, CALIFORNIA 32138
(714) 4553000

June 12, 1979

Project 90-330 MW HIGR
Fort St. Vrain Uuit 1
GLP-5863

Mr. J. K. Fuller, Vice President
Engineering ard Planning

Public Service Company of Colorado
5900 East 3%.h Avenue

Denver, Colorade 80201

Subject: Micruporosity Investigation
References: GLP-5820
GP-0028~-P

Dear Mr. Fuller:

As committed to in our meeting with Mr. F. E, Swart on May 9, 1979 in
- San Diego, General Atomic Company is enclosing the following documents
related to our evaluation of outer pyrocarbon coating microporosity.

l. The summary finding of GAC's 10CFR21 Ad Hoc
Panel that the microporosity issue is not a
reportable defect as defined in 10CFR21.

2. The report on Phase 2 safety studies —-
core heatup s’'aulation tests.

If you have any questions regarding the enclosed material, please let

us know,
Very tyuly y:urs,
([t
L' LN acel
William A. Graul; Manager
Fort St. Vrailn Project
Enclosures
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. INTERNAL CORRESPONDENCE ENCLOSURE #1
TO GLP-5863

CGA 1076

SuBJECT

Ref:

/T S—————
IN REPLY
T. R. Colandrea REFERTO 79:116:TRC

10CFR21 Ad Hoc Panel OATE  June 1, 1979

Potential Deviation of FSV Fuel Performance from
Technical Requirements

1.. T. R. Colandrea, "Potential Deviation of FSV Fuel Performance
from Technical Requirements," 78:230:TRC, D~cember 14, 1978

2, F. A, Silady/F. S, Dombek, "FSV: Additional DBA #1 Analysis,"
SAM:307:FD/FS:78, December 14, 1978 .

3. F. S. Dombek/F., A, Silady, "FSV mmary of OPyC Effect on DBA #1,"
SAM:309:FD/FS:78, December 19, 1978 '

4. C. L. Smith/R. E. Foster, "FSV Fuel Performance Under Simulated
DBA #1 Conditions," FCB:045:CLS:79, April 30, 1979

The purpose of this memy is to summarize ‘o findings o1 the 10CFR21
Ad Hoc Panel regarding the subject item. _ased upon a review of all
available information generated to date nn this subject, we conclude
that the microporosity issue is not a reportable defect. Furthermore,
we feel that the experimental program *hat was conducted, Reference 4,
was sufficiently comprehensive in approach such that the preblem was
adequately addressed. This closes the subject item and no further
action is planned,

Con;ur: m % Concur:ﬁl-y) : (l).&v//égbé’@

1. R. Colandrea o H. N. Wellhouser
é ]
Concur: 9\4 . ‘/Z,_ ,é. Concur: /Lq,/, (et lr 31/ /
ﬂl.estyk / G. L. Wessman

Concur: D /(L\AHLO\AL-\

“R. B, Holden
cc:/D. Alberstein

C. L. Rickard
F. D. Carpenter/J. H. Rusk F. S1lady
R. E. Foster W. Simon
N. C. Gallaway C. L. Smith
J. Ganley 0. Stansfield
W. V. Goeddel J. Steibel A
H. Graul
T. Gulden
g. Fisher . }

» Kovacs Fal § ”
D. Kowal 48-1 QZ/
D. Pettycord ol
G. W. Rankin 4



f"‘MAL CORRESPONDENCE

TRUM

10

SUBJECT

—e

C. L. Smith/R, E. Foster

Helbefsl 10CFR21 Committee

ENCLOSURE #2
TO GLP-5862

IN REPLY
RLFER TO

FCB:045:CLS:79
vATE April 30, 1979

FSV Fuel Performance Under Simulated DBA f#1 Conditions

Distribution:

T.
H.
G.
J.
R.
D.

Colandrea
Wellhouser
Wessman
Lestyk
Holden
Dean

D.
D.
|
J.
J.
T.
“.

C.
0.
B.

Kowal
Alberstein
5*1ady
Ganley
Steibel
Gulden
Simon
Graulr”’//’
Fisher

Stansfield
Kovacs

"RECEIVED
MAY 11973
W. A. GRAUL



1.0 SUMMARY AND CONCLUSIONS

Thé behavior of TSV initial core production fuel was studied under
conditions predicted for FSV Design Basis Accident {1 (DBA 71). The purpose
of the e*pcrimental program was to evaluate models developed to account for
effects of microporosity induced OPyC failure on total coating failure uring
DBA #1. Test samples had been irradiated to average fast neutron expcsures
and kernel burnups expected upon removal of a 6 yr old fuel segment from the
core, Total coating-failure fractions were determined from Kr-85 release -
fractions measured while heating test samples having intact or failed OPyC
layers in the tempecrature range-900 to 2500°¢C. Observations relatave to FSV':

fuel performance include

1. Only fertile fuel with failed OPyC layers exhigited total
coating failure at temperatures less than 1850 C.

. 2, Fertile A Qnd B performance ié virtually identical..
3. Total coatihg failure'fiactiogs femain constant as tempera-
tures are increased from 1100°C to terperatures exceeding
1750°c.

~ 4. PFailure fractions for samples ‘vith intact or missing OPyC

laycgs did not exceed 0.10 until test temperacures excceded
2050°c,

5. Performance above 2050°C is independent of the presence or
absence of the OPyC layer. e e T S L

The following conclusions were drawa relative to fuel performance models used
for DBA f1 analyses. .

1. The basis for pressure vessel faiiurc predictions used to
evaluate fuel performance during DBA #1 is conservative.

2, Observed total coating failure fractions are much lower than
values predicted for DBA #1 analyses,

3. The margin associated with the heat load on the LTA during
the depressurization stage of DBA #1 is not affected by
.e - microporosity induced OPyC failure.



2.0 INTRODUCTIOHN

Analyses of irradiation data collected on FSV and LHTCR fuels sug-
gest that failure of the OPyC layer on TRISO fuels is related to OPyC micro-
porosity (Ref. 1). Recent evaluation of FSV fuel OPyC micropurosity data sug-
gests a potential for 5.6% failure of the OPyC layers on fissile fuel and 34%
failure of the CPyC layers on fertile fuel in the first seven FSV fuel seg-
ments (Ref. 2). The degree of OPyC failure is expected to increase linearly
with fast neutron exposure from 0 at beginning of life to the values indicated
above at 2.0 x 1025 n/m2 (E>29 fJHTGR)‘ Outer PyC failure fractions will then
remain constant as fast neutron exposures increase. This potential OPyC
failure does not translate directly to total coating failure and fission pro-
duct relcase; however, it does increase the probability for pressure vessel
coating failure and fission product release. In order to evaluate the poten-
tial for increased fuel failure, pressure vessel performance models (Ref. 2)
were developed for FSV fissile and fertile fuels having intact or failed OPyC
layers; The models were “ased on kernel and coating dimensions and densitiec
measured during FSV secgment 7 fuel production. These models can be used to
evaluate the impact of OPyC fajlure on total coating failure and fission pro-
duct release during normal reactor operation or during the hypothetical acci-

dents that are considered for reacter licensing and siting applications.

Concern was expressed that the increased probability for total cecat-
ing failure that is associated with OPyC failure could represent a substantial
safety hazard as defined by 10CFR21l. A committee was consequently convened to
evaluate the situation. The key !tem identified and analyzed for presentation
to the committee was the heat load on the low temperature absorber (LTA)
following depressurization during FSV DBA #1. The following steps were followed
in this analysis. '

1. Develop'predictions of core average total coating failure

fraction vs temperature for DBA 1 conditions that (a) assume
no OPyC failure and (b) account for expected levels ¢f OPyC

faflure (Ref. 3, 4, 5).
L4885 010 '
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2. Utilize performance models from step 1 to prediét fuel
failure fractions, fission product rclease, and the heat
load on the LTA as a function of time during DBA #1 (Ref. 4,5).

3. Compare the predicted heat load with projections made using
the original FSV FSAR fuel performance models (Ref. 6).

These efforts led to the conclusion that the margin between the LTA heat lecad
estimated in Refs. 5 and 6 is not reduced significantly if one accounts for
possible microporosity induced OPyC failure. The 10CFR21 committee agreed
with this conclusion but requested that testing of FSV fuel with failed and
intact OPyC layers be done under DBA #1 conditions to confirm the fuel per-
formance assumptions. The results of the fuel test program are summarized

in this report.




3.0 TEST PROGPAM PHILOSOPHY

The primary objectiie of the test program was to show that fuel
performance models used in th; DBA #1 analysis (Ref. 4) are conserva.ive.
This experimental verificatién would support the conclusion-of analyfes pre-
rented to the 10CFR21 comnit.ee. The models, which are shown on Fig. 1, were
developed using assumptions outlined in Ref. 3. The key steps utilized while
developing the models includéd:

(1) calculation of SiC layer stress distributions as a function
of irradiation exposure and temperature for fuel with intact
and failed OPyC layers using kernel and coating property
distributions determined during segment 7 fuel fabrication,

(2) estimate total coating failure fractions for temperatures
<1725°¢C assuming the failure fraction equals the proba-
Ellity that calculated SiC stresses are more positive
than ~2800 psi,

(3) assume that coating failure fractions increase linearly
" with tcmperature from the pressure vessel value at 1725°%¢
to 1.0 at 2000° C,

{4) develop failure models for fissile and fertile fuel that
(a) assume no OPyC failure and (b) account for expected
. populations of fuel with intact and failed OPyC layers,

(5) develop co:re average failure models for predicted DBA {1
conditions that account for the distribution of .irradia-
tion exposure conditions projected for FSV, and

(6) assume (a) an initial failed fuel fraction of 0.05 at 900°C
and (b) that failure fractions increase with temperature
during DBA #1 in the fashion suggested at the completion of
step 5, .

A specific experimental verification of the DBA {1 performance models would
require that test samples have (1) expected OPyC failure fractions, (2) seg-
ment 7 kernel and coating property distributions, and (3) the distribution
of irradiation exposures expected in an equilibrium FSV core. It was not

possible to obtain test samples having these characteristics,

e : s 185 ., -
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The approach utilized was to test the pressure vessel model By com-
paring failure predictions for specific samples of initial core production
fuel with perf&rmance data collected under simulated DBA #1 conditions. The
test samples were irradiated in the FSV fuel proof test (Capsule F-30, Ref. 7).
Samples were tested with intact and failed* CPyC layers. Failure predictions
for temperature :}725°C were Aade from SiC layer stress distributions that
wvere calculated using kernel ?nd coating property distribations and F-30
‘rradiation conditions for eéch individual sample. It was assumed that the
failure fraction would equal'the probability that calculated stresses were
more positivas than -2800 psi, Total coating failure fractions were assumed
to increase linearly with temperature from the pressure vessel value at 1725%¢
to 1.0 at 2000°c, Comparison of experimental results with model predictions
at this point results in a verification of models provided through the third
step of the six step development process outlined above. Since the first
three stéps repre.ent the basis for the model, verification through step 3
18 equiv.lent to verification of the totzl model.

- o A A S, wrsarniinadiiiinaheies el i A il

e
OpyC failure was simulated by removing OPyC layers during a 2-hr anneal

in air at 900°C.

o Agre
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4.0 EXPERIMENTAL
\

4.1 SAMPLE DESCRIPTION |

Sam{ les chosen for this series of tests were from initial core
FSV production fuel batches nich were irradiated in capsule F-30 (Ref 7).
Fissile A, fertile A, and fertile B samples were tested with and without
outer pyrocarbon layers; ket;el and coating properties are given in Table 1.
A comparison of the test particle propercies with those of segment 7 fuel (see
Table Z) shows that the kernel and coating properties of the test samples
are consistent with those of fuel currently in the FSV reactor. Irradiation
conditions experienced by the test samples are given in Table Z; predicted
FSV conditions are shown for comparison. Test sample fast neutron exposures
exceed maximum values expected after 6 yrs of residence in FSV;‘kernel burn-
ups are equivalent to average values expected for a segment removed after

6 yrs of residence in FSV,

§.2 TEST METHODS

FSV production fuel was tested using methods (Ref. 8,9) developed
on the DOE sponsored core heatup simulation test (CHST) program. Key stages
of the test method are itemized in Table 4. Test conditions were chosen to
simulate predicted FSV DBA f1 conditions. Total coating failure fractions
were determined from Kr-85 release fractions measured (1) after removal of
the OPyC layer and (2) continuously as all samples were heated from approx.
1100 to approx. 2500°C. A detailed description of the test method is provided
in Appendix A.

-

4.3 CHST CONDITIONS

!aéh of the three samples identified in Tables 2 and 4 was tested
with intact and missing (failed) OPyC layers. A summary of the CHST condi-
tions for each of the six tests conducted is given in Table 5. The rates at
whick temperatures were increased with time are representative of maximum
heating : tes shown for DBA #1 in the FSV FSAR (Pef. 10).
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5.0 RESULTS

Krypton 85 release fractions measured during 25-27 hr CUST's of
FSV fertile fuel are shown as a function of temperature un Figs. 2 and 3
(Ref. 11-14). Krypton release fractions detected following removal 6% the
OPyC layers from fertile A and B samples at 900°¢C were, respectively, 0.025
and 0.011. Radiographic examinations following OPyC removal suggested tcotal
coating failure fractions of 0.02 for the fertile A fuel and 0.01 for the
fertile B fucl. The good agreement between total coating failure and Kr-
release fractions observed after OPyC removal suggests that the Kr-85 release
fraction per failed particle w¢ one at this stage. This is not surprising
since the particles were heated in air a.d any ThC, kernels exposed by coat-
ing failure would be expected to oxidize and relea;e their total Kr-85 inven-
tory. "he inventory .f Kr-85 released at this stage was added to Kr-85 inven-
tories teleased during subsequent CHSTing to obtain the total Kr-85 released
as a function of temperatuie.

All test samples were held at approx. 1100°C for 10 to 20 hrs prior
to CHSTing. Krypton 85 release measurements were made within 1 hr of reaching
1100°C and after the 10-29 hr hold period was completed. The only samples
shoving Kr-85 release at this point were fertile A and B particles with miss=-
ing OPyC lavers. Krypton 85 release was detected from bLoth s;%ples within
1 hr o} reaching approx. 1100%. Although additional Kr-85 release was de-
tected during the 10-20 hr hold, the increases were negligible. The time
period over which most of the Kr-85 was released at 1100°¢c (<1 nr) suggests

that the SiC and IPyC layers failed by a pressure vessel mechanism.

Release of Kr-85 would occur in two stages following failure at
1100%¢c. Krypton 85, that had been released from the kernel to the buffer
;;;iﬁg irradiation, would be released rapidly following total coating failure
(stage 1). Stage 1 relcase from fertile A and 3 fuels with missing OPyC
layers was observed during the 10-20 hr hold at 1100%. Krypton 85 remaining
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in the kerncls of failed particles would then be relecased slowly via a

diffusive mechanism (stage 2). This was also observed during the hold at
1100°c. Recent studies conducted on laser failed TRISO UC2 fuel have shown
that Kr-85 release from carbide kernels would be complete at approx. 1750%¢
under CHST conditions (Ref. 15). If no additional coating failure occurred

in fhe temperature range 1100—1750°C. the Kr-85 release fraction would

increase smoothly with temperature. If additional total coacing failure
occurred in the temperature range 1100—1750°C, rapid increases in Kr-85

release (stage 1) would be Luperimposed over the smooth increase assdciated
with stage 2 release. Careful examination of the Kr-85 release data from tests
of fertile fuel with missing OPyC layers showed a smooth increase with tempera-
ture in the range 1100-1750°C suggesting that no additional failure occurred.
The Kr-85 release fractior at 1750°C can therefore be assumed equivalent to

the failed fuel fraction at 1100°C.

Results obtainea ziuw {ciiile i1u.ls with intact OPyC layers suggest
no Kr-85 release (coating failure) until CHST temperatures approach 2050°¢.
Because of the high temperatures reached before observing Kr-85 release, it
is reasonable to assume,for these fuels, that release fractions are equivalent

to total coating failure fractions.

. A general examination of results ftom the four fertile fuel CHST's
(Figs. 2 and 3) leads to two additional conclusions. The first is that fertile
3 and B performance is virtually identical. The secod is tha’ “ertile fuel
performance at temperatures exceeding 2050°¢ is independent of the presence
or absence of the OPyC layer. '

Krypton 85 release fractions measured during CHSTing of FSV fissile
A fuel are shown as a function of temperature on Fig. 4. No Kr-85 release
(coating failure) was detected in samples with or without OPyC's until tem-
peratures exceeded 1850°C. Krypton 85 release fractinns observed from fissile
fuel with missing OPyC layers were higher than observed from fuel with intact
OPyC layers at temperatures 2}85000. Fuel with missing OPyC laycrs was tested
in a 26.5 hr CHST; fuel with intact OPyC's was tested in a 9.0 hr CHST. Past
tests.havc shown that ‘the relcase fraction at any given temnerature will in-

trease as the length of a CLST increases. This result couplea with the results
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obtained on FSV fertile fuel leads to the potentially conservative assump=
tion that Kr-85 release from fissile fuel at temperatures exceeding 2050°¢c
would be indepindent of the presence or absence of the OPyC layer.-

Civen the assumption indicated above, one reaches the final conclu-
sion that Kr-85 release fractions at temperatures exceeding 2050°C are in-
dependent of OPyC condition (failed or intact), fuel size (A or B), and fuel
gype (fissile or fertile).

»



6.0 DISCUSSION

6.1 PREDICTED VS OBSERVED FAILURE RACTIONS

The primary purpose of this test series was to evaluate fuel failure
lslunptions utilized to predict the heat load on the LTA during FSV DBA {1.
To accomplish this, the experimentally measured Kr-85 release fractions must

be related to total coating failure fractions, Based on discussions ptesentcd-
in Section 5.0, the following assumptions were made to define failed fuel

fractions from the measured Kr-85 release fractions.

Failure mode: all gas release occurred after failure of the IPyC,
84C, and OPyC layers if the OPyC layer was present (i.e., no Kr-85 was released
by diffusion or permeation through intact SiC or PyC layers).

OPyC removal stage: Total coating failure that occurred while OPyC
layers were removed by heating in air at 900°C resulted in oxidation of ex-
posed kernels and 100% telease of stored fission gases. Kr-85 release frac-

tions observed at this stage therefore equal total coating failure fractions.

Temperatures 2}750°C: Tests conducted on laser-failed TRISO'UC2
fuel under CHST conditions (Ref. 15) suggest 1007% release of Kr from carbide
kcrne{s at temperatures exceeding 1750°c. Krypton 85 release fractions ob-
served at temperatures exceeding 1750°C are therefor: equivalent to failed

fuel fractions.

Temperatures in the range 1100-1750°C: Fuel failing at 1100%¢
would release .aat fraction of Kr-85 released to the buffer during irradiation.
The Kr-85 remaining in the kernel would be released slowly with increasing
temperature between 1100 and 1750°C. Since Kr-85 data indicated gradual in-
creases in relcase bet'cen 1100 and 1750°C but no "bursts" of Kr-85, which

would be expected following failure of additional fuel, it will be assumed

. Y, i ' q
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that failed fucl fractions at 1100°C are the same as indicated by Kr-85
release fractions at 1750° c.

Measured Kr-85 release fractions and the corresponding failed fuel
fractions are shown for each test in Table 6. Total coating failure frac-
tions predicted for each tcst:samplc (Ref. 16) are compared with failure frac-
tions determined experimentally on Figs. 5-10. Predicted failure fraccions
for test samples having intaét oPyC layefs are, although somewhat conserva-
tive, in reasonable agrcemenr with experimental values at temperatures
<1725 C. Predictions are extremely conservative for temperatures >1725 c.
Predicted failure fractions for samples having missing OPyC layers are ex-

tremely conservative for temperatures 2900°C. .

The predictions shown on Figs. 5-10 were made using the same failure
eriterion used to develop the core average performance models utilized to
evaluate FSV fuel performance during DBA #1 (Refs. 3,4,5). Since the pre-
dictions have been shown to be extremely conservative for individual batches
of initial core production fuel it is concluded that FSV core average per-

formance predictions are also conservative.

6.2 FSV CORE PERFORMANCE DURING DBA 91

Thz basis for models used to describe the impact of OPyC microporo-
sity on fuel failure during FSV DBA #1 has been shown to be conservative. The
data used to draw this conclusion were developed from CHST's conducted cn
FSV production fissile and fertile fuels that were irradiated to average
conditions expected for a fuel segment removed after 6 yrs residence in FSV,
The data collected on this high exposure fuel can be used to develop an em-
pirical model for FSV fuel behavior under DBA #1 conditions. If one assumes
that all fuel in FSV-.will perform like the test fuel and then compares the
empirical model with failure assumptions made in Refs. 4 and 5, an evaluation
of the assumed core average failure model can be made, The steps usecd to

develop the émpirical model are described below.

Fissile Fuel with Failed OPyC Layers: The variation in expected

failure fraction with temperature was dcvclopcd from the test conducted on
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fissile A fuel. Ninecty percent confidence bounds for the expected failure

fractions were defined on the basis of sample size. sugh no fissile B
fuel was tested, it is assumed that fissile A and B fucl behavior ‘is identi-
cal based on fertile A and B fuel test results. '

Fertile Fuel with Failed OPyC Layers: Results from both tests con-
ducted on fertile fuel with failed OPyC layers were combined to define ex-
pected and 90% confidence bounds for expected failure fractions.

Fissile and Fertile Fuel with Intact OPyC Layers: Fissile fuel
with intact OPyC layers was tested in a 9.0 hr CHST. All other data were
collected from 24.75-27.C hr CHST's. This one fissile test suggested failure
fractions less than those observed in all other tests. Data collected from
both CHST's conducted on fertile fuel with intact OPyC's were combined and
assumed to represent expected and 90% confidence bounds for expected failure

fractions of fissile and fertile fuel having intact OPyC layers.

Expected values and the range for expected {ailure fractions for
fissile and fertile fuels with missing or intact OPyC layers are given as
a function of temperature in Table 7. Values shown for fissile and fertile
fuel with intact OPyC layers represent expectgd behavior of a FSV core that
experiences no OPyC failurc:' The data in Table 7 weres combined to determine
fissile and fertile total coating failure fractions, that account for expected
OPyC failure fractions, using. '

. Eg = QeFppoe) £+ Fooe - &)
where

f1 = total fissile or fertile fuel failure fraction

’bec OPyC failure fraction (0.056 for fissile fuel and O. 34 for
fertile fuel , Ref. 2) T

fl = total coating failure probability for fuel with intact OPyC
layers

fz = total coating failure probabxlity for fuel with failed OPyC
layers :




-

The fissile and fertile fuel failure f actives were then combined to yield

an "average" failed fuel fraction €f ' “Ping
. . s - . -

f = 0.451 £ . + 0,549 £

avg fi fert o (2)

wvhere

f‘t. = fissile fuel failure fraction

£ = fertile fuel failure fraction

fert

The values 0.451 and 0.549 are, respectively, the fraction of fissions in
fissile and fertile fuel in a 6 yr old FSV fuel segment. Expected and high
f and favg are given in Table 8. Comparison

fis® "fert
of the range of values for favg (Table 8) with the range of failure values

confidence values for f

for fuel with no OPyC failures (Table 7) shows, as expected, that total coat-
ing failure fractions will be increased slightly because of OPyC failure at
normal reactor operating temperatures. Failure models assumed in Refs. 4 and
S are compared with the high confidence bound empirical models (Tables 7,8)
on Figs. 11 and 12. Figure 11 assumes no OPyC failure; Figure 12 assumes ex-
pected fissile (0.056) and fertile (0.34) fuel OPyC failure fractions. In
each case, the failure fractlion based upon experimental observations is less
than assumed In DBA #1 analysis.

Although the presernce of OPyC failure increases the evpected total
coating failure fraction during normal reactor operation, the most significant
observation is that the increase in failure fraction, as tempe’ :$ are
increased to simulate DBA #1 conditions, is essentially independent of the
presence or absenc . of OPyC failure during normal reactor operation. The _“
fuel performance models used in Refs. 4,5 assumed an initial total coating
failure fraction of 0.05 at 900°C to be consistent with the design circulating
activity allowed by FSV technical specifications (assuwes no hydrolysis).

If the empirical models based upon the results of this test program (Tables 7,
8) are adjusted to 2 failure fraction of 0.05 at 900°C, using the same

method used to develop models for Refs. 4 and 5, the resulting failure frac-
tions are 0.05 at 900-1750°C, 0.10 at 2050°C, approx. 0.80 at 2175°C, and 1.0
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at 2300°C independent of the presence or absence of fuel with failed OPyC
layers. This model for fuel failure is compared with origina® FSV fuel per-
formance assumptions made when analyzing DBA #1 (Ref. 6) and assumptions made
in Refs. 4 and 5 on Fig. 13. On the basis of this comparison one would not
expect the margin between the heat load on the LTA cstimated in Ref. 6 and
the expectad heat load to be reduced by the presence of microﬁorosity in-
duced OPyC failure.
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~—fgble 1. -Description of FSV Fuel Samples Used in CHST Studies

Particle Type Fissile A Fertile B Fertile A
Dats Retrieval No. CUGA 6328 CT6B 932 CT6A 2399
Particle Parameters(a)
Kernel
D meity (gn/cn’) 9.19 8.90 8.89
sameter (um) 180/23.1) 437(24.4) 374(35.1)
Buffer
Density (gn/cm’) 1.10 ‘1.14 1.19
Thickness (um) 54(11.5) 49(14.7) 50(14.5)
IPyC
" Densits (gn/cn’) 1.89 1.91 1.89
Thickness (um) 23(3.0) 35¢7.7) 29(3.7)
sic
Density (gm/cn’) 3.21 3.19 3.20
Thickness G.2) 28(2.5) 26(2.7) 27(2.7)
CPyC
Sessity (ga/n’) 1.84 1.80 1.80
Thickncss (um) 39(4 .5) 48(8.4) 41(6.2)

(a)

30

Numbers in parentheses are standard deviations.
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Table 2. Desc.iption of FSV Segment VII Reload Fuel

— —

iFis:ile Fissile Fertile Fertile
Particle Type I A B A B
Particle Parameters(a’b)
Kernel
Density (gm/cn’) '8.90¢.10) | 9.01(.10) | 8.83¢.05) | 8.81(.07)
DPiameter (ym) 189.2(25) 251.2(16) 365.1(36) 44% 12(36)
Buffer
“Density (gm/em’) | 1.13¢.07) | 1.19¢.07) | 1.11(.06) | 1.06(.05)
Thickness (ym) 54.8(10) 51.6(8) 55.5(13) 53.3(12)
IPyC .
Density (gm/cmB) 1.89(.02) 1.90(.03) 1.89(.03) 1.88(.03)
* Thickness (um) 25.5(4) 24.4(4) 27.1(5) 22.4(5)
sic 3
Density (gm/cm™) 3.20(¢.005)] 3.21(.008)| 3.20(.004)| 3.20(.005)
Thickness (um) 25.1(3.6) 25.0(2.9) 25.7{3:.1) 25.0(3.6)
oPyC
Density (ga/cn’) 1.86¢.01) | 1.81¢.01) | 1.81¢.01) | 1.83¢.01)
Thickness (um) 60.2(7) 41.1(6) 51.8(8) 46.2(8)
("Hean values.
(b)Numbers in parentheses are standard deviations.
o
R T
e HOor.
Ly
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_____Table 3, Irradiation Conditions of FSV Fuel CHST Samples

Irradiation Conditions
N::i:on Kernel
Test Sample Exp Burnup
Fuel Data ;g“‘e s L (% FIMA)
Description Retrieval No. (10°” n/m”) | Fissile | Fertile
Fissile A CU6A-6328 9.1 18.2 na ‘@)
Fertile B CT6B-932 5 NA 4.7
rsv(b) |
Core avg(c) NA 2.8 iﬁ - 1.9
Avg. 6 ye tuer® | ma 4.9 19 4.5
Maxinun '’ NA 8.0 22 7.4

(a) NA = not applicable.

(b) 1Irradiation exposures expected at equilibrium.

(c) Average over all fuel in the FSV reactor.

(d) _Average conditions for a segment removed after 6 yrs residence.
(e) Maximum conditions experienced after 6 yrs residence.



Table 4.

Key Stages of the éﬁéi Method s ; §

Stage

Comments

5. -

Sample characterization

)

Remove OPyC Layer(a)

Conduct CHST
i
|

Post-test Characterization

Data Analysis

)

e determine initial fission product content
e contact x-radlograph samples

e heat in air to 900°C, hold for 2 hrs
e monitor fission product release ;
e contact x-radiograph samples l |

e heat approx. 100 particles from 1100 to:2500°C in
approx. 8 or approx. 30 hrs ‘
é monitor fission product release i

|
e determine final metallic fission irodueL content
e visual assessment of particle condition

e contact x-radiograph samples

] .I'
e relate Kr-85 release data to total coating
failure fraction |
' |

(a) Stage 2 was used to prepare samples with "failed" OPyC layers.




Table 5. Test Conditions During FSV Fuel CHST Studies

|

Particle Type Fissile A Fertile B Fertile A
Data Retrieval No. | cuea 6328 CT6B 932 CT6A 2399
CHST Condition |’ s S M

No. of Particles 88 100 — 101 100 99@ oy
Temperature Range (°C) [1015- [1141- 1120- |1134- 1117- |1107-
2600 | 2364 2475 | 2390 2323 | 2410

Duration of CHST (HRS) |9.0 2%.5  |26.5 |27.0  |24.75 |26.0

OPyC Condition Intact Hissing(b) Intact Hissing(b) Intact Missing(b)

(a) 33 particles removed from test at approximately 2000°c.
(b) Simulates fuel with failed OPyC layers.
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o Table 6., Failure Fractions Suggested by CHST Data Collected on Individual Batches of FSV Core 1 Production
’f; : Fissile and Fertile Fuel
900" ¢ . 1100-1750°c 2050°¢c 2175°%¢ T * 2300°% ﬁ
Data Kr-85 (a) Kr-85 (2) Kr-85 . @ Kr-85
Fuel Retrieval Och‘ Releae. |Failure Release |Failure Release |Failure '|Release Failur Release |Faill
Type No. Condition | Fraction|Fraction Fraction|Fraction | Fraction |Fraction|Fraction Fraction|Fraction|Fr
Fissile A |cu6a-6328®)| 1ntact | <0.001 0 <0.001 0 <0.001 0. — 0.02 0.095 | o0.10
Fertile A |cT6A-2399(?| 1ntact | <0.001 0 <0.001 0 0.070 | 0.07 0.85 | 1.0 1.0
' |
Fertile B |cT68-932 (%) Intact | <0.001 0 <0.003 0 0.005 0.01 0.55 1.0 1.0 ‘
. ‘
. ; |
] : ‘ 1
tssile A | cU6A-6328¢) [rat1ea(® [ <0.000 | o <0.000 | 0 0.12 0.12 0.41 | 0.95 | 0.95
\
Tertile A (CT6A-2399¢) [rat1e4(® | <0.025 | 0.03 0.044- | 0.06 0.092 | 0.09 0.35 | 0.95 o.é
0.058 ‘
rertile B | c168-932¢) |ra11e4® | 0.011 | o.01 0.032- | 0.08 0.076 | 0.08 0.47 | 0.95 | 0%
0.046 <
e

SE

(a) Total coating failure fraction,
(b) 9.0 hr CHST.
(c) 24.75-27.0 hr CHST's. o
(d) Removed after irradiation by burning in air at 900 C.



Yable 7. 7ratlure ?rnctlono(') Expected FSV FPissile and Fertile Puel Irradiated to Average Conditions Predicted for a
6 Y 0ld Fuel Segment

'g \
- |
o Failure Practxon Pailure !ract&on Failure Prasttoa Failure !ts:tto- Faiiure  Fraction |
Number at 900°C at 1100-1750C at 2050°C at 2175°C at 2300°C . }
ot of .
FFuel OPYC  lparticles Range at Range at Range at Range at Range at
Type Condition| Tested |Expected|90% Confidence|Expected |90% Confidence|Expected 90% Confidence [Expected|90Z Confidence |Expected|90% Confidence
rxssile(b) Failed 100 0 0-0.03 0 0-0.03 0.12 0.06-0.18 0.41 0.30-0.55 0.95 0.80-1.0
r-::ix.(b) Failed 201 0.020 ¢ 01-0.05 0.050 0.03-0,09 0.085 0.05-0.13 0.41 0.38-0.55 0.95 0.80-1.0
W
o
Fissile & | Intact 200 0 0-0.02 0 0-0.02 0,040 0.02-0.07 0.70 0.60-0.80 1.0 0.85-1.0
Fertile . ’
(b,d,¢ " .

(a) Based on 24.75-27.0 hr CHST's.
, (b} Assumes A and B size fuel performance will be the same,
(c) Assumes fissile and fertile fuel with intact OPyC layers will be the same; does not include fissile fuel CHST data
since they were obtained in a 9.0 hr CHST, X
(d) Expirical failure model for a FSV core assuming no OPyC failure,
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Table 8. Empirical Description of Expected FSV Fuel Pailure in a 6 Yr Old Segment

Fallure Fraction

(a)

Fissile (b) Fertile(®) Combined Fissile/Fertile ®)
Temyegatute Expected Range(e) Expected Range(e) Expected Range y
("c)
900 0 0-0.02, G.00?7 0.003-0.03 0.004 0.002-0.03
1100-1750 0 0-0.02 0.02 0.01-0.04 0.009 0.005-0.03
2050 0.04 0.02-0.08 0.06 0.02-0.09 0.05 0.03-0.08
2175 0.68 0.58-0.79 0.60 0.53-0.72 0.64 0.55-0.75
2300 1.0 0.85-1.0 0.98 0.83-1.0 0.99 0.84-1.0

(a) Normalized to expected JUPyC failure fractions.
(b) Assumes 5.6Z OPyC failure.
(c) Assumes 347% OPyC failure.

(d) Accounts for fraction of fissions in fissile and fertile fuel.
(e) Assumes that all fuel failure fractions equal 5% or 95X confidence bounds.

-



APPENDIX A

CHST METH™D

FSV production fuel was tested using standard methods developed on
the DOB.sponsored accident condition test program, which is bettern known
as the core heatup simulation;test (CHST) program, (Ref. Al- A3). Unbonded
irradiated particles were heated from 1100°C *o approximately 2500°C over
a period of approx. 8 or 30 ﬁours. Particle performance was monitored by
measuring the fraction of Kr-85 and Cs-137 released as a function of time
and temperature. Since fission gas release is indicative of total coating
failure, particle failute fractions were determined from Kr-85 release frac-
tions. Tests were conducted in a maximum of five stages. These stages are

summarized in Table Al, and described below.

Stabe 1 includes collection and characterization of the irradiated
fuel samples. Initial gamma counting is used to determine activities and
activity ratios of key fission products (Cs-137, Ce-144, Ru-106). The initial
gamma-count results are used to predict the Kr-85 inventory using the FISPROD
code since Kr-85 is not detectable when gamma-counting intact irradiated fuel
particles. Samples are contact X-radiographed to provide a permanent record

of particle appearance prior to heating.

During stage 2, samples to be tested with missing(failed) OPyC
layers are heated for two hours in air at 900°C in order to remove (burnoff)
their OPyC layers (Ref. A3). During the burmback operztion, the furnace
atmosphere is periodically purged through a liquid nitrogen cold trap and
the air replenished to provide an additional oxygen supply; subsequent gamma
counting of the cold trap provides a measure of Kr-85 release due to pressure
vessel failure resulting from removal of the OpyC coatings. Post-burnback
gamma counting and sample radiography is done to characterize the saﬁple
prior to the CHST and provide a measure of Cs-137 release that occurred

during the burnback operation.
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During stage 3, samples are heated out-of-pile in standard, resis-
tance heated graphite tube (King) furnaces. Each test sample is separated
into 3 equal groups of particles; each group is then placed into a type H-451
sample holder prior to insertion in the furnace. A schematic of the test
furnace/fission product release sampling system is shown in Fig. Al. Four
Ta tubes are inserted into each furnace (only one is shown in Fig. Al for
simplicity). One tube extends épproximately half way through the furnace, is
sealed on one end, and contains a temperature control thermocouple. The
other 3 Ta tubes are open ended and extend through the furnace. One sample
holder is placed in each of these tubes; a mullite Cs trap is also placed in
each tube. Sample temperatures are monitored optically during testing.
Samples are heated to approximately 1100°C for 10-20 hours to simulate normal
operating conditions prior to a core heatup and then heated from approxi-
mately 1100 to 2500°C in approx. 8 or 30 hours. A continuous flow of He
(50 cc/min/open ended Ta tube) is maintained during testing. Fission pro-
duct gases released during heating are swept up by the flowing He and
pessed through a s;f;és of traps to remove tritium and radon. The remaining
gases are then passed through two ionization chambers (vibrating r 2d electrome~-
ters);the cold traps are changed at approximately 100-200° intervals and
analyzed for Kr-85 by gamma counting. Results from the ionization chambers

are normalized to cold trap results to obtain a continuous measure of Kr-85

release as a function of time and temperatute;

A mullite tube is placed at 1100°C on the downstream side of -each
Ta tube to collect cesium released during testing. The mullite tubes are
changed at approxi&gfely 70°¢ intervals during testing and gamma counted to
Ionitgr Cs release as a function of time and temperatuce.

An opgion occasionally chosen is to remove a portion (approx. 1/3)
of the test sample at approx. 2000°C. Post-test characterization of the

sample provides informotion needed to define failure mechanisms at elevated

temperatures.




‘Camma count results obtained during stage 4 are compared with pre-
heating data to provide a measure of the release of additional metallic
fission products (i.e. Ce, R, Zr, Eu). Post-heating radiography and
metallography are used to illustrate the appearance and phase distributions

within particles after heating.
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(a) test cdhfiguration

e, o ST, o 5 e = o S . ’ .
Pe i : o - s lle out Kx
» in Sample trap - b i trap
P, S e R W, il L s, S I,
‘!: rcsistancc'heatcd graphite tube furnace
Ta tube
(b) component description (c) test conditions
@ test sample - V100 particles in e 1100 to 2500°C
B-451 graphite crucible
s ® 1lipear increase in
e Cs trap - mullite at V1100°C temperature with time
e Kr trap - liquid Nz cold trap e 8 to 30 hrs per test

Figure A-1. Schematic of Test Configuzatioh used for CHST Studies
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Stage

-ihble A-1. 'Sunmary of gteps Involved 1n'isv CHST Series

Description

Sample Characterization

1. Recover Test Sample
2, Gamma Count Test Sample
3. Radiograph Test Sample

&4, Do FISPROD calculationgs to Estimate Inventories of Fission
Products Not Detected During Gamma Counting

OPyC Burnoff
(only those samples to be tested with missing (failed) OPyC's)

1. Load Sample

2. Heat Sample in Air for 2 Hours at 900°¢
3. Monitor Fission Product Release

4. Radiograph Test Sample

Cur-e Heatup Simulation Test

1. load Sample into H-451 Holder
2. Load Furnace

i 3.. Heat .
§, Monitor Fission Product Release

Post-Test Saanple Characterization

1. GCanmma Count Test Sample
2. BRadiograph Test Sample
3. Perform Metallographic Examinaticn

Analyze and Summarize Results
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Dear Mr. Fullc.:

Attached for your use and transmittal to the NRC are three (3) copies of
the subject report. The report will be published at a later date as a
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