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Thermal Conductivity 71—1

Values of A and B Determined froma Least~Squares Fit
of UQ, ~PuO, Thermal Conductivity Data to the Relatimship
1/A=A+BT, T="K

Std . Dev.
Sample % % A B for
No. TD Pu0, en—C/W em /W Single Mea. Remarks
TR—0 96 0 308+004 0022944000004 409006
TR—5 97 5 304£009 00239 % 000031 408043
TR—12 97 12  220+003 0027144000003 07665
TR—20 98 20 309+013 00261 4+ 00001 +1.2279
TR—25 97 25 313+010 00260 x 00001 +£1.1557
TR—30 97 30 530+009 00252 + 00001 +09222 Corrected to
97% TD from
92% TD
GOW—10 97 100 046T018 0.0283 %+ 00002 11670 Corrected to
97% TD from
$33% TD

1. #¥7Fr itk R

2. out of pile data

3. Temperature range 100~1300C
4. Stoichiometry 2.00

COF -2 Pu0, U0~V v b OBEEECRET PuO, BEOEBEASADIOTD 2o
#MELEXM 1/2=A+B-T T °K '
ELTRDBTWnbo
) BEEER 9T 1%T.DCH 50 TR—30, GOW—10 KOWIHEOHE:L S Tk o T b 2H
ECHELDODWTHEHRBTS bo
Wk, REEE 2RO T,
o . EIEEE o sec

A{w/em T)=4.136 ap(C, g W OB ¢ S
Cpo b # cals4.TC

OXH»LBGEEBEFHEL Thdo

R.L:Gibby
~ Thermal conductivity of (Pu‘,U)O2
BNWL—1349—1



Fuel Meat Release and Safety 71—1—1
SUMMARY OF DESIGN PARAMETERS AND TRANSIENT IRRADIATION RESULTS
Series W Series W Series II
Axially Restrained Axially Restrained Unres trained
Zero.Baroup Zero-Burnup Zero-Baumup
Pelleted Fuel Specimens Powder Fue! Specimens Pelletel Fuel Specimens
Specimen Q44 4B c4C 04D C41 c4J a2A 02B c20
Smearea] Densi ty 904 91.2 804 801 834 B35 904 a0s 918
(% TD)
léhel)Column Length 142 142 142 142 135 135 135 6 6
in
Cladd ing 316 stainless steel 316 stainless steel 347 stainless steel
0250~in odx001 5~in 0.250-inod %0.015~in 0250-in odx01 5=-in
wall thidkness wall thickness wall thickness
Avarage Fuel 43 45 3.6 46 0 V] 5 5 4.5
Oladding Diametral
Gap (mils)
Designed Axial >5200 5200 >5200 3000 >5200 >>5200 none none none
Restrain (*F) (=melt)
Transient Peak 148 204 139 93 87 138 134 211 200
Specimen Power
W)
Total Specimen 122 124 112 90 106 119 118 146 198
Energy Release +10 +20 x10 +8 +10 +20
(kW- sec/Tt)
Caiculated Maximum 5500 5800 5600 5200 5200 5500 4900 5000 7500
Fuel Tempersture(°F} +600 1600 +600 +300 +300 +600
Fuel Velume 5663 76.79 67.70 =50 \<‘_30 4860 =) T2 ~8 0
Melt &) :
" Qentral Void Formed yes yes yes ro no yes no yes yes
Fuel Movement mod exten mod no no exten no mo d exten
erate sive erate sive erate sive
Average Clading 1.15 >1 <05 o <03 1.2 no no o
Deformation(mils)
Oladding Failure yes ¥ yes no no yes no no yes

NOTES

= #$1 (Pugg Ugg ) Oppe v v by SREVERABH
BEET 316RTFYVRAF—n
BBz ¥Hl1ad4 T
Btk MEOEFEE AR LA REMREE TREATF 2B L <2 <0 %EE 3/4~1
#, ©—27HP100~200KW 1t TERMORE* L, HE, v+, £l
RIBRBOD BN I A2HBRAEHER %0
B OBl BHCBETORHERIZIIO TS -k, CATRBOBBLABICHKR(E
% L 7o - '
2. AITEE 904 %M EOBRBTEARKOBERNOWE, X7 v I ROH
MEBBOLEWEIERECEBET I € %o
3. NVyABTRBERES ZSLBHEOLEVWELERT 5o
4, BWHEOMBARBIIFECHESH THENCRABOBEERZH % oo

G. R Thomas and J.H. Field, Transient Overpower Irradiation of Axially-Bestrained, zero burrup Fast Reactor
Fucl Specimens; GEAP 13562, Sept 1969,
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Fuel Meat Release d Safety 71—2—1

Peessures Gesterated in 16 Pulzes Ob-
served §n Tesz 55 i Sodivm-filled
Piston Auteclave It TREAT

Ti=k clter Peat Pror, rem

Comparizon of Experimental Conditions and
Results (rom Piston-zutoclave Tests 55 and 53

55 53

Reactor Characteristics .

Peak power,® MW 3357 2664

Porind, msec 45,6 53

Integrated power,® MW-sec 40 669

Reactivity, P 2.7 2.4
Fuel and Autoclave Properties

Internzl pressure of fuel and durmuny rods, Torr 5% 107% 780 !

Mass of UQ; fuel, g 205 205

Uranium enrichment, % U 10 o

Mass of sodium, g 199 201

Mass of piston, g 263 260

Sodium temperature at start of teat, °C 170 165
Results

Total fission cnezpy, calfg UQ; 509 460

Amplitude of largest pressure pulse, psi 2940 540

Impulse {rom largest pulse,? dyne-sec 3.3 x 10° 0.68 x 1¢°

Sum of impulse from all pulsex,b dyne-sec 242 x 10° 2.39 x 10°

Fission encrgy at first pressure pulse,

cal/p UO, 430 140
Calculated {fractignal gonversian of nuclear ta
mechanical energy 1,5 x 0™ 1.4 x 1078

AValues [or Test 55 are corrected to provide consistency with the calibration
factor and TREAT [uel loading for Test 53,
bImpulses calculated {rom pressure-response data based on application of the
. impulse to the arca of the piston {0.6 in.?), )

= B IUQg<ve b (10%U")
HAE30488, 127 Long, 0.29” 0.D 12mil E2

R LAY OHEEREENS BT TREATFR CER P ¥Ai4 -7 v —
TEFEN, FP VAR TAHREHALADDO (S3)EHERLLAL(SS )BR
EreRiBAf T oLtiokzAarF—ahE T 5,

o
W

# B 1L EhHetry—d50psilbltoELSArv2n16EEEINL.

2. BYOAAMAER 69ps iT430cal FUO; OQHHMAREZ >THE100m
secfimﬁ_&bfco

3. HRZERKL#%85EY (5X10™° Torr)0& - r2024ERE 242%x10°
dyne—sec T, ~) Y AHRKRYFLASIOH1 0 TH ko TREAH
A HERBR QI RA TN LOBEREBT 250 L EL b bo

4 B FAXOBMMAT 34 ¥EHBES 5 TLE5X107%, 83 1.4x10° T
»oto

Reactor Deirelop ment P rogram Progress Report , August 1970, ANL—7737, pp175-178
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Fuel Meat Release and Safety 71—3-1

Experimental Conditions and Results from Test $6

Reactor Characteristics

Iategrated power 975 MWusec
Peak power 5374 M
Period 38 msee

Reactivity 3%

Fuel and Autoclave Proper.les
Internal pressure of fi -1

and blanket seetions 780 Torr

Mass UD2 286 g

Uranium enrichment 10% 2350 pervipheral pins;
13% 2350 ceater pin

Hass of sodium in autoclave 145 g

Mass of piston 263 g

Sodium temperatur¢ at start

of test 210°C

Sodium-to-pin area ratio 0.54

Results

Total average fission coergy 493 callg 002

Amplitude of Largest pressure 2050 psi

pulse

Iimpulse Erem largest pulse 3.2 x 105 dyne-se¢

Fission cnergy at first

pressure pulse 380 cal/g uo,

Interval during which major

pressure pulses occur 235 msec

Sum of impulses from all pulses 5

(ex¢luding damped oscillations) 13.1 x 10" dyne-~sec

Fraction conversicon nuclear to

mechanical encrpy {excluding &

damped oscillations) 3.7 x 10

Total Llmpulse 26.7 % 105 dyne-sec

Fraction conversion nuclear to 3

, mechaniczl energy (total impulse) L.5 x 10”7

oo

i 1
L] £ 0 ” e (3] 0 2y D w3 Ky ms pome I X0 ¥F W ¥ ®p
Trme otlar Pead Power, mare

EppEmey0. Pressure-tespoise Data from Test 56

ey U0, Rve b (13% U)o
UO, ~v et (10% U*) REBOBREE
WHE Ay vARARF—a 0.29”7 0.D. 15mil BE

wire wrapped 0.0625” dia , 12" spiral pitch

il B TAOE 5 6ABHIKE Lwire wrapped L7 bundle £ ¥ R+ ¥4 —F 7
v—7 W ANLTREBATFZFA LPower tranuvient®fT% O EEEE T A ¥ O
M arsr~OF#EHR~NDS0

¥ %] BMIEEOANTArFE493cal/g UO,
o, T AL X¥OMMET A A X¥OLWEDT 15Xx10%C, CARY YORBER
72 (5X 10" Torr)C LTCRBLASSOBAELBEYRLThoko LrL A
2HALAZ (780Torr)S30HE LI KRED Ko

Reactor Develop ment Program Progress Report January1 971 ANL 7776 ppll19—122
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Fuel Meat Release and Safety 71—4—1

BLUO Ve (13% U™) (RHEES)
~vwvbEE 0381lcm '
#HE 10094 o’
RF oI EE 145m
# ® ¥ 304Type , 0396emI.D X0.442m0.D.X2250m
wire wrapped 0.120emdia , 15.24cmpitch
HBI3KxDOEYEMTRT482, 483, 6.33% Z CHEETREATFXFAAL
Mark—J Na Loop T+ FV Y 2BEHL00C ME460m secDd & T)
3FE %27 R LT power transient &1T% 9o
i o — 1 SASIA—ASH LHEBHRE T 2.
1. BEIET65Jonle/g.oxide@THhAaF ipputTiEBT H, BEEOR KOG F
rE 1% EvsLEboko
2. W EARBRKEH A+ I BECBASBERK L 58 = 50 ¥OBMRAHLE = &
N ENDERBIZILZEXTRALEAVIOI VL ABWE TS w %o
3. BB Transient peak L b# 1 5msec BICE o%o
4. SEEIERLIGEBHN I (—FL ko
5 MEOLEZWHIEZircalloy-clad-water reactor¥ TOHELE YA
LTdw ko
6. MBBLEN2530CTHAITH LT HARBETOWAL LHL0TH -
7o
Calculated Hot Fuel-pin Conditions for Checkout and Failure Transients
'].r-132‘1 at 2.65 sec Tr-1322 at 0.668 sec
Fuel inner radius, em ' 0.0296 0.0303
Quter radius, cm 0.1978 0.2027
Cladding inner radius, cm 0.1996 0.2027
Quter radivs, cin 0.2228 0.2257
Fuel inner-suriace temperature, °C 1235 2530
(peaks at inlet)
Fuel outer-surface temperature, °C : 685 ©~1300
(peaks at outlet)
Cladding inner-surface temperature, °C 475 740
Coolant temperature at the top of UQ,, °C 435 530
Pin plastic deformation, % None 1.1

9—19-1



71—4—2

L2 1200
[+
i
|- Max. power= — @
N 6500 MW =
§ 08— 800 =
H -
o, @
. I ©0n
¥ s
= ar
o~ Ca— 400 «
g &
g I I 2
o =L | o
|
___ Thermocouple: | —
]
1 1 pme T
600 [— 2 —u—o e e
| 3 =
® g - 7
¢ Roof— 5 —-—— 77 500
= {l
' L aso |
g ~ A TC-
E 800 N
v TC-5
SASIA-ASH .
400 i
— 409 |
| | 050 055 0E0 069
o 1 1 1 | I 3
05 06 0.7 08 09 1o
Tima, sec ’

Power and Coolam Temperature for
Test E3 (Transient 1322). ANL Neg,
No. 900-475 Rev, 1,

Fuel-pin Specifications for Test E3

Preirradiation Data

Post-

MTR-irradiation Data

Fuel Length, cm
Innecr radius, em
Quter radius, cm
Composition
Density, g/crn

% T.D.
Volume, cm’
Enrichment, %
Bond gas
Burnup, %

Cladding
Inner radius, cm
QOuter radius, cm
Type

Plenum Length, cm

3

14.5

0

¢.1905
UG, 019
10.09

91.3
1.65
13.3

Argon

0

0.198

0.221

304 5SS
6.1

~14.5
0.029
0.194

UG, + fission products

9.95

90

1,676
8.7,8.7, 7.2

Argon * {ission preducts

6.33, 4.82, 4,83

0.198
0.221
304 S8

~6,1

Resuylts were obtained for the hottest (8.7% enriched)

Reactor Develop ment program progress Report ;November 1970 ANL—7758, pp104—1089.
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Fuel Meat Releare and Safety 71—5

3000

T

1900

llllill

Diameter, microns

160

IIIIIII

30 | 1 | 1 |
10 30 50 10 90 98
Cumulative Mass Percent Less Yhan Indlcated Dlomefer

2t

Size Distribution of UQg Paiticles
Ejected when Specimens of Molten
UOg Were Poured into Sodium at
Three Temperatures

Pressures and Impulses Resulting from
Interactions of Molten UQO, with Sodium

UG, Sodium

Dropped Ejected

Na from Uo, from Peak Mechanical®
Temp, Crucible, Ejected, Tank, Pressure, Impulse, Energy,

°C g g g psi Ib-sec joules
200 7.4 1.2 50 350 0.152 0.8
400 ~ 16.5 4 86 655 0.380 5
600 23.6 7 124 b 0.422 8

2Calculated from the impulse on the basis that all the sodium was moved
and all the sodium found in the tank fell back into the tank.
YPressure transducer in sodium tank failed.

B IUO,

) E:Fﬂf%@Um}HQ&zomx400&600t®%buwA300w hiICETFLED
WML OBE L REEHOWMEEITE 0

#E Bl REFEAAaAEF )Y ABEQCLERKPARL ok
2, Umﬁ%&@%f4%yﬁufbU?AﬁﬁﬁZOOE#&400tK&&&#ﬁK

AELERDAOOTHH6 00CTRREARE(R ADoK

Reactar' Development program progressReport , Septembers 1970, ANL—-7742, PP149—150



Fuel

Meat Release d Safetly 71—6
Summary of Data
Fuei Pin
TR—1A | TR—1B| TR—1C| TR—2A| TR—2B| TR—2C
Fabrication Data
Fuel fabrication form® P S P 8 ) P
Fuel sm ear density % TD 88.9 80.9 797 820 80.9 80.2
Fuei-cladding diametral gap, mils 5 5 5
Gas release ,cn’s/g (STPYat 1600C 007 014 023 014 014 019
Gas plenum volume, including all porosity,en®(STPY| 11 1.3 1.5 13 1.3 14
Transient Data
Fucl pin tomperature before transient? T 410 |449 |414 |400 | 436 410
Reactor integrated power,MWsec 140 140 140 172 176 172
Peak instanieneous linear powerys® kW./ft 176 |154 |118 |175 |162 |105
Frnergy release’y® calg 390 375 291 518 487 316
Pos tirradiation Fxamination
Cladding max ovalityd max diam-min diamymils <05 |<05 |15 <05 |<05 |18
Overal] fuel column length cl}ange,emils 90 -20 -30 -60 -30 40
Radius of fuel central voiel,“mils 0 0 0 17 28 0
Radius of fuel melting®fmils 0 0 0 77 78 0
Volume of fuel melting?f 0 0 0 5042 | 51+2 [0
Radius of equiaxed grain growth®f 94 111 |0 111|111 78
Fuel-cladding radial gap® fmils 24£1.2 [ 3£3 1541 |44+26) 3743 12412

P=solid pollets ; S=3 phere-Pac. d

At fuel column midplane. e

Based on radiochemical aod®¥o burnup analyses.

Maximum diametral increase <05 mil.

Based on neutron radiographs ; estimated accuracy
*20mils

Based onmetallographic examination.

# ¢ {Pugg Ung) Ougg =V ¥ b, sphare-pac #F

WEE 304RFYVARF—n
BB A2 vZ & 87

T Ao

e

0.2547 0.D. X0.016"” BAE

CRERBRES TREATFTEREL <V P BB ERRUTFERBBOBBOL & WER

1) BRRR FERAREHM A EIE L2 Witk T2 o vy MAR LA 2% & Lo

2) B FRBMHON 2RO E YR MAKOK 5 0 ¥BREEBLACI 22D OFHALE

B e

O.M. Oox , D. B Cunes y B#J.Manthos , Performance of Sphere—Pac and pelletized(U, Pu)Oa During severe
Overpower Transients , Com ferencene an Fast Reactor Fuel Element Technology y New -Orleans, Louisians,
April,1971



Creep

(arbitiary umits)

¢

S 711

1. +>»7a

4, T A ¥ b

e(hr? )
\

\
N

(%) 107 ©1666C
A 1535C
al430C

1¢
o (arbitary umits )} T /nf o T
S
~ g n=45
107 ,,a”’ “he=1 ’
55 4 6 10 15
o(10° psi)

stoichiometric U0;

“EHsY -7
BF--1430, 1535, 1666C, I5/---1,500~15000psi
CEEN(5000psi BT

i=(Aa" kTG 1D
EHD5000psi BLE)
e={(Baa/d> kT)D

Ay By, n=--- - T, D------ HCH&GRE
T------ BE, 9----- i, G------ & AR
k---—-HKA V< YEH, @ ----KFE, d----- T LT

C o) —T O 5000psittE L LCE{LT B, TO " Transition point”

BBEO LB LIEWET TAHLEEEN Lo 7)Y - 7EREREEHhTEEIL
HBEF, RRtELE, BN TREMLOEH = 2 » ¥ OR(MKEE T2 LBbH

%o

T.G.LANGDOM ,Creep mechanism in stoichiometric U0, , J. of Nucl .Mater. 38 (1971) 88-92.
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Creep

¥ ryFa iU,

ve=20001, 2001, 201, 2,121

71—2—1

2. A = EEs Y~
T& 77 #5 B 3,000~18600psi
B B 1,100~1400TC
3. % %:Fign 1~F‘iga GL{CZT-\.?-O
4, T A b IEHLTFAFE oA =2001 FERELTRKEL{ENT S, ( 0/wv=2001 %
BLLTz ) —TERBBCENMPETL EHEI NS )
St eus psi Temperature (T)
6000 8000 10,000 12,000 14,00016,00018,000 o 1400 1350 1300
E— T T S e T ] T ]
[ ] | | |
! n * Stoichiometric” U0,
/ . 0/U=201
I [
10”7 2001 2.0001/__
’I / : A\
/
I —
, N\
, [ 107 O\
'y 107 — T AW
3 . bt QL§
- - g \C\\
g 1 3 N
5 / 2 N
10~ /— NN
S 3§ BN
- 5 N
/ S N
. N
10? — \§
Staichiometriz ©
ve, -
167 .
37 38 39 40 41 42 43 44
=g
FIGURE 1. OREEP RATE AS A FUNOTION OF APPLIED Nzﬁg 060 061 062 059 o6r oor o6

S8TRESS FOR UQ, SINGLE ORYSTALS TESTED

IN OOMPRESSION AT 1100 ©

" Stoichiometric”U0y was tesied in hydrogen while
nenstoichiometric compositions were obtained under Fig 2
Co/Co, atmospheres.
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1000-T; (K>

Oreep rate as funciion of temperature for UO,_“ single
crystals tested at 10,000 psi.
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GURE 4. STRAIN AS A FUNCTION OF TIME FOR

SINGLE—CRYSTAL U0, .9y, TESTED AT
1300 C UNDER 10,000 P8I
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FIGURE 5 ACTIVATION EXERGIES FOR CREEP OF
UQ;,, AS A FUNCTION OF LOG:
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FIGURE 6. OREEP RATE AS A FUNOTION OF APPLIED

STRESS FOR UQ, SINGLE ORYSTALS TESTED

IN OOMPRESSION

AT 1300 AND 1400 C
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FIGURE 7 OREEP RATE 48 A FUNOTION OF TEMPERATURE
FOR UO,,, SINOLE TESTEDR AT 10.000 PSI.

M. S.Seltzer ,A.H.Clauer and B. A.Wilcox Battelle Manorial Institute , Columbus ;Qhio Oct.?7 0
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