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Commonwealth Edison Company

ATTN: Mr. L. D. Butterfield, Jr.
huclear Licensing Administrator

Post Office Box 767

Cnicago, Illinois 60690

Gentlenen:

In connection with our ongoing review of Report Ne. GU-5293, "Lvaluatiom
of Densification in Dresden Unit 1 Fuel Supplied by Gulf Unired," dated
February 23, 1973, we finl that the additional information identified

in the eaclosed pager is needed to complete our review. We request that
you submit this information before Jume 22, 1973, with one original and
39 additiomal copies.

Sincerely,

Donald J. Skovholt
Assistant Director

for Operating Reactors
Directorate of Licemsing

Enclosure:
Fequest for Information

cec w/enclosure:

John W. Rowe, Lsquire
ishan, Lincoln & Beale
Counselors at Law

Une First katioaal Plaza
Chicago, Illinois 60670
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COMMCNWEALTH EDISCN COMPANY

DRESDEN UNIT I

LCOCKET NO. 50-10

REQUEST FOR ADDITIONAL INFORMATION ON FUEL DENSTFICATION

Powcer Preparation - provide the chemical process for puwder preperaticr.
Describe in detail any heat treatment or comminution Lreatme it of the
powder.

Powder Properties - provide the nominal mean particle d-areter par‘lcle
size distribution, :pec1f1c surface of the powder, and ariztion of these °
properties from batch to batch. Pravide chemical aﬂanSES including oxygen
netal ratios, absorbed gases, metallic and aonmetallic irpurities.

Fressing Parameters - provide the pressures used, type of dies and press
used green pellet densities (mean values and stanaard deviations), bluuL TS
and a-d tives used and in what quantities, and how the additions were made,

Sintering Parameters - prov1de a complete description of the sintering cycle
;ﬁ»luuiﬁg neatlng rates, soak times, and cooling rates. Include the
atmospnere and approximate concentration of impurities in the furnace.

nishing - provide the methods used to finish the pellets ancd tas
icati ons for tne finish.

Resintering Parameters - describe the pellet reheating procecure including

the heating cycle. Cite reasons for cnozce of partlcuLGr temperatures, times,
and aomospheres.

Peliet Density - provide the mean irmersionsand geometri ities inclucing
standard deviations, sampling procedures, and minimun densiti If available,
provide this information for irradiated fuel.

Felilet Chemical Properties - provide the O/” ra;ios, 'u urits (metalliic
and non-metallic) and specifications ’or the sintere
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Peilet Dinensions - provide statistical distributions, sampling procedures,
and minimum dimensions.

provide the metheds of fabrication used t¢ produce the cladding
:

ssecifications (e.g., chemistry, tensile test, burst, etl.).
inscected for leaks, nydriding, etc.?
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sescrice the types of spacers and holddown springs used.

rovide any data showing fuel column lengths vs burnup and linear heat
rating.

rovice ingut data needed by 3UCKLE (staff code) for cladding coliapse
calculaticns:

a. (Cladding temperature.

0., Fast Neutrcn Flux on Cladding.

€. Yield Strength, Poisons ratic, and Young's mcdulus for conditions
a & b above. 4 :

¢. External pressure. . -

e. Intimal pressure (cold, not before densification, cold, hot after
densification).

£. The measured data for cladding OD, thickness and initial ovality in-
cluding the mean, standard deviation, maximmm and minimum values, the
sample size and sampling procedure.

Delfine the critical collspse ovality. Provide tecinical justification for
using this parameter. - "

Provice detailed calculational method and assumptions made for:

40t internal pressure,
ciad wall temperature, and
fast flux in the cladding.

O O'n
- .

Describe the creep law used in CREBUCK together with constants used. Provide
comparisons with published and other experimental data.

b
Provide CREBUCK verification with controlled experiment results.

What is the margin of safety for the predicted collapse time?

UG, production lct size Is composed of virgin oxide, intemmedizte procuct, and
repricessed UT;. Presumably the sintering parameters are adjusted o allow for
ciiferences in ancunts of these materials. In general terms, descrits s
diffevent wrounts of these materials might be expected to influence densili-
Saiicn 9 Tae sintered pel.ets. Destrive any pians to foliow the aensilicarion
oenaviorT o pellets os a functicn of batch compositicn (i.e., & virgin cxile,
¥} reprecessed, e€tc.).

r apparently had a bulk density which was somewhat different
es of cther lots. Explain what accounts for this difference.

3
. £ & : : 3 5 i e e L e i o e
Provice subsequenc information on the relative sintered aensity o1 pel.ets Jre-

Cne lot of pow
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Present & detailec description of your gap conductance and fuel temperature
calculation technicue. Include a description of all models used such as
thermal expansion, fission gas release, fuel/gas thermal conductivity, fuel
svelling, clad creepcown, restructuring, sorbed gas, and interfacial pressure.
Give references for all models used.

Using the model described in Request No. 1, compare calculated gap concuctances
and/or fuel temperatures with experimental data in the same range of parameters
as the fuel of interest. In particular, provide results for the specific
experimental data given in Attachment 1 (enclosed).

Present calculations of gap conductance and fuel temperatures as a functionh cf
time and burnup. Resolve the gap cqnductance into components for epntributicns
through the gas, sclid-solid contact and radiation.

Also present hot gap size, fuel pellet diameter, conductivity of gas mixture,
and temperature jump distances (if used) as a function of time.

Provide input data needed by GAPCON for gap conductance calculation.

a, diameter of pellet ' - ,
b. 1D and OD of clad

¢. enrichment of fuel

d. density of fuel (% theoretical)

2, pienum volume

f. active fuel colum length

g. s=oroed gas content (cc/gram fuel)

n. surface roughnesses of clad and fuel

. Codlant temperature and pressure

. film coefficient between cladding and coolant
. initial fill gas pressure and compositian

-

f any credit is taken for partial contact of fuel and cladding before complete
gap closure, justify this assumption and the particular model used.

Dymisd 32 2ba micel w3 Y af * (1.8 T he - -
Provide the missing Figure 2.2 of report GU-5293 showing tiie beveled enc
surface configuration.

e i RS ) N E SRR & i £ o EiaaT s RS- | ks e aaten |t 1 E wslle Ax
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GURIC interprets its autoclave test recults to mean that pellet *~-rlad inter-
actions are reduced by beveling the pellets. lere the beveled and non-beveled
pellets exactly alike in fabrication history, demsity, microstructure, etc.?
if available, provide examples of the microstructures.
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3F the zircaloy clad rods that were cycled from room temperature to 750°%%
in an autoclave, how many rods were measured for length changes”?

GCfF
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On page 2-2 of report GU-5293, it was reported that diameter measurements
disciosed no measurable clad creepdown Or clad ovalization. Describe tie
measurements rade; include the mumber of rods, the positions along the rods
and type of rod (interior or exterior rods;. Provide the mean values,
standard deviations, and minimum/maximum values.

Provide a calculation of the maximum axial compressive stresses in a fuel
pellet column during full power operation. Include in this calculation thne
pellet-to-pellet contact areas and the compressive loads (spring and pelleg
weights) assumed. P

% "
In section 2.2 of report GU-32§3, results of Yankee Rowe surveillance &
cescribed. In this respect provide the following:

a. For the Yankee Rowe and Connecticut Yankee qualification assemblies, pro-
vide the rumerical results of the diameter measurements versus length.
Compare these measurements with your calculation methods.

b. Describe any differences in-the design_and fabrication of the 95 ''specia
surveillance" fuel rods which were insérted irf Yankee Rowe in April 1872
fyrom ".ormal" fuel rods; e.g., the Batch 6 or 7 rods (other than the
beveled surfaces on the pelicts).

c. Provice the iinear heat Tatings and burnups of the rods removed foT

inspection from Yankee Rowe in September, 1872 and February, 1973.

Since there is some uncertainty that out-of-pile measurements on axi
size and gap distribution are representative of inpile comciticis; p
perform sensitivity calculations including the case where the maximum Thedy
axial gap size is calculated from the nominal initial density and an assume
final cdensity of 96.5% of theoretical using“the assumptions of the AEC mode
An appropriate increase in the maximum gap size must be made tc account for
irradiation incuced growth of the fuel rod cladding.

GU-5203 indicates that a pellet with an initially low demsity (two signa)

wa T measti~ & Sae sy Tois w3 £ ) & sy & e
will produce 15 less power., Justily tals assumpTioOn.
i P wiva wrmca vsalinne i O “Q'l,t 2t ehivre ineclidad in HOTROD caleyl2o3one?
Eaw is the voic volume due to pesdet disining NCLUCCA .n Pl CGLICULGTICES.
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For coapar.son of HOTROD with experimental cata, give tne lCentiizcetita
i A A I e b 2 e & D A% - #% S ’ .
nurhers of the rods for which the cemparisons were made.

Explain the method usea by KOTROD to model flux distributicn axially along a
fuel rod.



2as released from the fuel in HOTRCD, what is the assumel ccrposition
~Cta sorbed gas and fission gas)?

2lain the restructuring model used by HOTROD.

...‘\4

o~ p—

Z¢plain the cladding creepdown model used by HOTRUD.

7rovide a compariscn of tiie gas mixture thermal conductivity model with
experimental data (or a reference which contains this comparison).

?rovide the variation of internal pressure of Dresden-1, Cycle IX rods with

S —.-le . "

3 1 s 3 o : R
Ciscuss the model used in HOTROD for fuel melting if such a2 madel exists,
i.&., nheat of fusion, volumetric expansion and melting temperature.

.o those rods which contain Gd203, describe the effect of vﬁau- addition on
melting point, thermal condacnv‘t), thermal expans:.on, sintérdbility, fuel
densification behavior, ciadding compatability, and microstructure.

70- is reported to be hygroscopic. If wgter is used as a ccsl nt during
graniing, does the sintered product p‘cA up significant H>C? Has this been
cetermined as a function of temperature? Specify method and :e.feratures used
r H,0 determination.

‘Tovide detuils of UO; - Gd03 fuel preparation including:

a. Type of Gd2C3 power - particle size distribution, speciiic surface,
inpurity level, etc.

0. Process for powder blending.
¢. Homogeneity - degree and how determinedi
¢. Methods used to prevent Gdz03 contamination taroughout plant.

ces L0y - Gdp03 have a different tendency to crack during reactor startup
than U027

~2s5Cribe any tests o
templated for UO, -

luations in or out-of-pile now in progress or con-
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Lewis (Nuclear Applications, Vol. 2) is cited as a source oI the experinental
cata points used as a comparisen with the GUNFC fission gas release mocel.
:xrla:n what data from Lewis was used and how the calculations were dene for
th@ comparison, Give an example of the calculation for one data peint.

Provide HOTROD fission gas release fractions for the experirental data provided
in Attachment 2 (enclosed).
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ATTAGRMENT 1

Lacloses is experimental data needed to perform gap conductance calculations.
Please ca.cu.zte gap conductance, maximum fuel temperature and voluzetric

f.&. rezperature over the range of conditions specified.
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WCAP 2923 | G.E. RCD
CAPSULE 2 | AZG

WCAP 2923
CAPSULE 1
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Fellet I2 (inzh)
Pellet OC (imch)

lad ID (izéh)

Glad CD (inzh)

Pellet Dexnsity (X 1ID)
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Peak/Avg. Axial Flux Ratio

.068
1.25
1.2745
1.3245

'64

.068
$:33
1.2745
1.3245
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ATTACMENT 2

CVTR RODS (Referemnce WCAP-3850-5)

IXPUT DATA FOR FISSION GAS CALCULATION

PARSTIZR ROD 44.732 20D W13.831  ROD 83.832 ROD 502-2-31
Enrichnent (w/o U235) | e 3.8 3.8 f o
Density (% TD) 93 93 93 ! 93
Fuel 0D  (inch) 4317 4329 4475 ; .4300
Cie¢ 1p (inch) 4395 .4395 4535 ;J‘ L4300
c1as weil (imch) ‘ .024 | .024 | .017 : .026
Cold Cap (mils) 7.8 6.6 | 6.0 60
Clad Material 2zt zr l zr 5 Zr
Sorbec gas (ec/sm) l 0: . 0. ) & 0. l 0
Inicdial TFill Gas ! 1 atm He 1 atm ke : 1 atm Ze 1 sta ke
setive Lemgsh (in) | e . 80.25 1 81.16 95.12
... (Bea/hs 22 °7) | 8790 | 8790 ' 8790 . 9910
Burcup (MWD/NTU) 7900 6410 ‘ 7330 10800
Coolant D,0 D,0 '! D,0 ' D,0
Coolant Press (psi) 1500 + 50 1500 + 50 11500 = 50 | 1500 % 50
Ceolant Temp (Sat)(°F) t 600 + 10 600 + 10 {" 600 + 10 600 + 10
Tission Cas released ! 26.6 12.6 "‘ 4.4 , %

(e + Kr) {%) § ;
/it 21.8 15.9 L17.6 . 9.3

———— — ——




