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Review of Irradiation Experiments for Water Reactor

Safety Research

Toshiaki TOBIOKA

Division of Reactor Safety Evaluation, Tokai, JAERI

(Recieved January 20, 1977)

A review is made of irradiation experiments for water reactor
safefy research under way in both commercial power plants and test
reactors.

Such experiments are grouped in two; first, LWR fuel performance
under normal and abnormal operating conditions, and second, irradiation
effects on fracture toughness in LWR vessels.

In the former are fuel densification, swelling, and the influence of
power ramp and cycling on fuel rod, and also fuel rod behavior under
accident conditions in in-reactor experiment.

In the latter are the effects of neutron exposure level on the

ferritic steel of pressure vessels, etc..
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Svrvey of irradiation testing tor ferther PWR fuel development

Objectives

Problems

Activities

increased power rating ond

burn up

Swelling of fuel;

Chemical interaction of fuel, fission products and can;
Mech, fuel/can-interaction;

Mach. properfies of canning material;

Corrosion and crud depasition;

Defect behaviour

Statistical evaluation of spent fuel;
Burn-up stretching of stondard fuel elements;

" Test fuel rods in modified fuel ossemblies (. g., "locse

lattice™};

Defection tests (loops);
Experimental verificotion of design models {instrumented
loops stc.)

Load following copability

Mechanical fuel/can interaction;
Fatiguve of canning material;
Defect behaviour

Cycling expsriments in capsulss, ioops and power raactors;
Statistical svaluation of spent fuel from load foilowing
plonis;

Experimental verification of design mode!s (instrymanted
capsules etc.);
Defection tests {loops)

Design improvements

Low parasitic structure;
Pre-pressutization and fission gos obsorption in fuel rods;
Burnable poison

Somples of moterials and structural parts in irrediation
facilities and powar reactors;

Protolype fuel elements and ossemblies in power regctors;
Pressure instrumented fue! rods in capsulaes

Pu-recycling

Fuel performance;
Fuel/can chemical interaction

Demonstrotion in power reoctors;
Defection tests {Icops}

Material daveiopment

Swelling compansated fuel, pore shrinkoge;
High creep strength ond ductility of canning materiol;

Fue! expariments;
Canning tube creep and burst experiments {instrumented

J—

Growth charocteristics of zircaloy 4 tubes

copsula);
Tube samples in power reactors

F4E PURBHEREOACHIFTREE L RHEGORE TSR (@D

Irrgdiation experiments in operating reaciors

Designation Obiectives Remarks

MIFR

V041102 Mechanical cssembly; Screwed and pinned;
Reduced sheath wall-thickness Zircaloy 4, @ 11,7%0,4 mm

V044 As V041,
Resistonce welded endplugs

V045108 As Y 0d—; Design: Effactive:
Increosed power rating; 540 ‘Wiem 50 Wiem,
Increassd burn-up 7400 MWdh 13000 Mwd/t

Véltod Cost reduction; Standord: 37 Rods 1845 mm

Pu-prototypes 110 4
16-rod prototype-byndle

KWO
Cycling sxpariment

Fuel rod® with
burnable poison
fuel rod length
growth experimant

28 rods per bundls;

Full tangth fual rods

Demonstration of Pu-recycling
PWR-prototype irradiation;

Structural stability;

Demonstration for irradiation of experimental
fusl assemblies

Demonstrotion of lead following capability for
PWR fuel rods

Demonstration of technology

Investigation of growth mechanisms

3643 mm
0.5 % Py-content
4x4 squars grid with flow tube

8 fyel rods axially moved by o control-rod drive
4 fuel rods with GdyOrUO, fusl

8 rods with 4 parameter variations

Future itradiation experiments in powsr reactors

Designatian

Objectives

Remarks

Resistonce welded endplugs on fuel rods
Burnable poisen absorber rods
Loose lottice assembly

Full zirconium structure assembly

Reloadable tast carrier in special fue! assembly

Pu-protolyp ossembly

Demonstration of technology
Demonstration of technology
increased power roting and burnup

Low parasitic neviron absorption
Eosy handling of irradiated test fuel rods
Demonstration of Pu-recycling

104 rods in 2 assemblies
2 rods

Standard fuel assembly;
Fue! rods partly replaced by inactive rods

Standard fuel assembly;
Two Pu-concentrations
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Facility

LOFT
PBF

Semiscale
Mod-1

Forced Convection
Test Facility -

Thermal Hydraulic
Test Facility

BWR Blowdown
Test Facility

PWR-FLECHT

Plenum Filling
Experiment {PFE}

HSST Facility

Safety Test
Facilities

Containment Research

Installation (1&2)

- Annular Core Pulsed

Reactor (1)

Annular Core Pulsed

Reactor (2)

Gas Cooled Reactor
Safety Tests

JAERI-M 6925
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NUCLEAR SAFETY TEST FACILITTES

Description

55 MWt PWR LOCA-ECCS Tests

Open tank reactor, pressu-

rized test loop, transient

fuel tests

1-1/2 Loop PWR Model of LOFT,

40 electrical heaters,
5-1/2 ft long

Pressurized blowdown loop,
single rods up to 12 ft
long

PWR loop for blowdown heat
transfer, 40 rods, 12 ft
long

Two loop BWR simulater for

BDHT tests, 49 rods, 12 ft

heaters

Forced convection loop for
PWR reflood testing, 100
rods, 12 ft length

10 ftr oD, 100 psia wvessel,

4.5 ft 0D, 600 psia wvessel,

ECC Steam-water mixing

Pneumatic and thermal shock
tests of Model reactor
vessels

Fast Reactor, transient in-
reactor tests

Radionuclide Source Term
Testing, Fast Reactor
Fuels

Fast Flux, short period
tests of single pins
"(LMFBR)

Fast flux, short period
tests of fuel cluster
{LMFBR)

Safety tests of Gas Cooled
Reactor fuel and
components

Status

Pretest system-checkout

In use

Iin use

In use

Startup and pretest
shakedown

In use

In use

Censtruction

Modification c¢f existing
facilities

Planned

Modification of existing
facilities

Medification of existing
facility

Planned modificaticn
of ACPR (1)

Planned review of
existing facilities

TLocation

ANC. INEL

ANC, INEL

ANC, INEL

HNL

HNL

GE, San Jose

W, Pittsburgh

PNL, Hanford

HNL

HNL

Sandia
Laboratory

Sandia
Laboratory

Bt
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2) FNEEEFHLABRH X 2 » 2 BHIE (2 L3 hER)
(3) RRAOMEA[ B 1 A2 ~a % - O Tihange " ( PWR.. 870 MWe JIHAZ L Tnb, |
~ 2R LE O E&FHOPWRIC & A+ 2 T4 )
(4) —RESHKOKEER - BROTEL
(6) it O R & B
27, KEDOEPRI (Electric Power Research Institute ) % BKfFistiseoitm

24)
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ROETH, BHOBEROEPFHAOT T, FUNALELIhTRD b € v 2 2% RA THE
DRREMAL L 5, |

IMPROVED
- Fuel rod reliability
+ Plant operational flexibility
and safety

COMPREHENSIVE DATA BASE
Benchmarked, predictive
maodels and codes

Fuel rod Fuel bundle Core
Separate effects Standard product Fuel performance
experiments line irradiations analysis
Test reactor Pilot bundle Duty cycle data
experiments irradiations base development
Behavioral code Flow induced Fuef cycle
devglopment vibration tests - . optimization
Controfled power Reactor operations
change experiments. interface

The EPRI Light-Water Reactor Fuel RodParformance Program

X4 KEEPRIDEKIEEF D55 5)
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E subcooling
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75 %) } \\“*-subcoolmg
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x L g
W z
;50%‘ o
E control rods © initial start-=up
———  C.r sequencing
2% 1

TIME

Typical slow power rige.

K15 KRBEODEZFHE A0 EHHLT

#15% BEFFCERINLSHEES

Summary of grid demand on power station control

Power Change

Contrcl Mode Power range 7 %/min. Total

Load follow (BWR) 70 - 100 10 ) 30 -
(PWR) 60 - 100 5 ’ 40
Frequency stabilization 98 - 100 t4 2
Disturbance 70 -100 20 10
Start—up ' 0-100 <10 100
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AXIAL POSITION CONTAGL ROT 2U5TIONS

o |-

MAX AP=70% 2
80
60
ap
20 -
o I ] F } 1
0.4 G.6 08 1.0 1.2 14
RELATIVE
POWER
Typical rejative power distriburions for control rad
posiricns at SO X and 100 X power [1 and Z respectiveiv)
PWR 8OO MW
(17 #lfEsomEsdt ™
RS M DAEE)
(PWR 800 MW}
kW] Asgembly
ower + 1]
g Indication
of
300 H] failure
200
—
100
0

0800 1600 2400 0800 1607 2400 0BD0 1600 2400 08D0 1600 2400

51 s " & Dats and time.

Test assembly IFA-21:  irradiation history for the last week of the irradiation period,

K18 IFA—21DREIREE O A E 85
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POWER INCREAGE RATE: 1010 4 W/cm/hour
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Power Cycling Behavior of Pin with 0.2~in. Pore Pellets

Coolant Cladding Number
Pressurs Thickness Rating Power Cycle of Burnup
{(MN/m") (mm) (W/g) Ratio Program | Cycles Status (MWd/MT)
. { b high
2.78 0.25 17 2:1 10] b tow 41 | Failed 1424
(1) 0.25 W J :;’;ﬁh (1) 83 | Failed 15800
2.78 20 21 3 & g
(2) 0.38 @ § 408" @ 87 | Continumng 15800
| . 5} h high '
2.76 0.38 21 43 1 B 1715 | Continuing 13900
: } b high
2.76 0.38 21 2:1 10} b low 116 | Failed 670
Fal
- ; 2 hhigh 654 | Failed 2500
414 0.38 17 L7:1 e soar | Faiied 0
6.90 0.38 22 2:1 : :;‘O‘f’h 360 | Failed 3800
] 2 b high .
8.90 0.38 20 2:1 - 580 | Failed 5900

Can temperature constant at 750°C.
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JAERI-M 6925

The high pressure rig permits studies of fuel/cladding
interaction at temperature and pressure conditions re-
presentative for PWR's.

The pressure in the pressure vessel is controtled from -
an external system, while the temperature is determ-
ined by the power in the fuel and heat balance to the
surroundings.

The fuel pin, which is replaceable, can by means of an
externally controlled hydraulic cylinder be moved up |

and down passed a diameter gauge head for diameter profile
recording along two different generatrices simultaneously.
In addition, the rod is rotated 80° at each end of the
stroke.

With the rod in bottom posiﬁon, fuel stack and cladding
length changes are monitored with extensometers.

- IFA-414 (N) Schematic drawing of high pressure rig

B25—3 REEKE + 7 f (HBWRI®))
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EXPERIMENTAL ENVELOPE FOR OPERATION OF PBF[a]

Parameter or Variable Design Capabilities and/or Limits
Max core steady power 40 MW
Max core power in shapad burst 1,000 MW
Max core power in natural burst 240 GW nominal for design burat[bI
Max duration for steady power operation 48 hr
Max power for inltiation of shaped burst 100 kW
Max power for initiation of matural burst 30 MW ncminal
Max duration at power for shaped burst Variable depending on power level; eg, 1.43 sec
operation ’ at 1,000 MW; 3.0 sec at 500 MW; 15.7 sec at 100
MW; 36.0 sec at 60 MW .
Max core fuel temperature for steady power 2,100°C nominal at 40 MW
operation
Max core fuel temperature for burst operation 2,350°C without coupling; 2,460°C with coupling
Max core fuel enthalpy for steady power 1,780 cal/cc nominal at 40 MW
operation
Max core fuel enthalpy for burat operation 2,040 calf/cec without coupling; 2,465 cal/cc with
coupling
Max reactivity inserticn for natural burst 2.39% inicially, nominal for 2.5 msec period;
3.67% nouinal for design burst upon verifilcation
of conservative coupliag
Max reactivity insertion for shaped burst 4.5$ nominal for 2,040 cal/cc peak core enthalpy
operation
Max transient rod speed for natural burst 375 in./aec
operation
Max transient rod speed for shaped burst or 20 in./fsec
steady power operaticn
Min asymptotic periocd for natural burst 2.5 msec initially; 1.3 msec for design burst
operation ) upon verification of conservative coupling values
Max energy release for natural burst 1,450 MW-zec nominal for design burst; 1,750 MW-gec
operation nominal for design burst with coupling
Max reactivity coupling'from test fuel Reactivity coupling plus reactivity inserted with
failure andfor test space voiding control and transient reds shall not cause core

fuel enthalpy to exceed 2,465 calfce

Min core shutdown margin Greater than B$ for initial loading; at least 3%
' and greater than worth of a single control rod
for future loadings

Min warer head above core for transieat or 1 ft below vessel 11quid~fn11 level
high power operation
Max experiment fission power 2 MW
Max experiment Pu inventory 147 grams
Max test cluster size In reentrant IPT 45 typical PWR rods nominal; 21 typical BWR rods
nominal
Max test cluster size (without flow) 76 typical PWR rods nominal; 44 typical BWR
Max fission product inventory in test fuels That resulting at end of followling operation history;

2 MW for 558 days, 42 days decay time; 2 MW for
48 br, 7 days decay time

Max loop operating temperature 630°F
Max loop operating pressure 2,200 psig

Max transient source pressure within IPT 7,500 psi

[a] Curreantly, PBF is authorized to operate only in the steady state mode at power levels less
than 33 MW.

{b] Design burst is defined as the natural burst Initiated from zero power that results in 2,040
cal/cc at the core hotspot. Nominally, this requires a 1.3 msec period burst initiated by a
3.67% reactivity step, with an energy generation of 1,450 MW-sec.
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CONTROL RANGES FOR PBF LOOP COOLANT SYSTEM

Ranges of Coolant Parameters

Flow Static or 100 to 800 gpm
Temperature (test cluster outlet] . Ambient to 630°F
Pressure Ambient or 50 to 2,200 psig

Control of Coolant Parameters

Flow +5 gpm at 100 gpm to #20 gpm
at B00 gpm
Temperature +3°F (over emtire range)
Pressure : +25 psi (over entire range)
Allowable Experiment Pressure Drops To 285 psi

Experiment Heat Removal

Steady power 2.0 MW .
Power burst ‘ 50 MW-sec

Coclant Chemistry

pH range 5.7 to 10.2
Conductivity 1.4 to 48 micromhos
Chlorides <0.L5 ppm
Total suspended solids <1.0 ppm
Dissclved oxygen <0.1 ppm

Strainer Particle Retention >0.038 1inch

Neutron
Detecior

PWR Fual
Rod

Zircoloy Flow

Shroud Inside Edge of

In-Pile Tube

ANC = &+ 2489
SCHEMATIC CROSS-SECTION OF FOUR-ROD
TEST HARDWARE WITH FLUTED SHROUDS

M—28 PRFicHi % 4 ABREEFRID
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FUEL ROD INTERNAL PRESSURE f
L —— T T T — = T iB50 P i
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iy e mtra s et

___FUEL_CENTERLINE TEMP

CLADDING T

 TIME =
[tmin/div)

PCM-20 test—film boiling portion at 23.6 kKW/It
peak rod power.

— —— —n A A_\
—" FUEL ROD INTERNAL PRESSURE

CLADDING AXIAL GROWTH

J CLADDING
L TEMPERATURE

‘\k CHF ‘OCCURRENCE

FUEL CENTERLINE TEMPERATURE
f--\__,..-—d\-_._a—"—"L—

10 MIN

TEST ROD POWER

i3 14 15 16 |- 7 18 9
KW/FT Ed KW/FT b4 KW/FT E] KW/FT EJ KW/FT KW/FT KW/FT

. _ POWER CHANGING

PCM-20 test—transition boiling during first power increase.

(K31 PCMZEBRES DO IFpEtE N4 EF (8—1RS) 2, 1)



JAERI-M 6925

CLVDTO3ffioktisid, BAFLLIoREEEBO NI 170 #BIETLLFLTRNT
H55, '

PCMESHIC T, B EB2FHRO—2E, BRRABE T4, gl L o -7
v OMEBCERI LM BEFEOCTORTEY, FTOMOMBBEOHPRECETIEEL
FHr 52 7Thb, cOfEE HBESORMCE D M 2BEMIC L 555 2 OB b CE
LTERORCEETL S LERS 5o '

(1) RFARCBRECHEORE LA TGN L IBE T 45,

(2] B EHIKA A bl gsk | THREB T 4, EMaErT 55 LAEOINMAREEL, BEEER
55 BICHIE & h B AT 255 5.

(3) =~ - HEBEALBEUEHEL T, BANEZHEARRRELEWL ST B,

(4) PRELRITZ S X ICEE L T, A MOBMEEIC L o TRERE K (FHET 2 0% Co

B BIHATILvRAEZT TR, P{ER2THEI VA CRENER AT 2LERD L.

BECOWEHEN~OE i, B21RORTIICEROIEIHFONTALLOFT,
PBF Cit, %7 » 7 THIRSCBE S » BREREIC Lﬂﬁéji?g}l)@fﬁi, F Ry - ZAOB
B e A OENBERIL T, U - YL TE b0 3 HE R T by R Ay - x
FRSBAG, FErB AN ACEE Fv- sy ZAEETHAC EOMIK, PWRERET T
DEFBREEHIBFECENLTWAT L E, BEXNY - AMELTERATEL LI AJNEO Y L7 B A
ERAFETERNC EDEHTHE, MOMTRA D, BCABRFILOLEOSLEELT, RO
CEEREHLTNS.

(1) BEOREIFE A BIrH e CKECHET AL L HENOBER E2 25, MEMEEE]
Bho

2 BRESBH: - 20BER023IMM TS5, BANETHCHIEL €, BEEFEREHT O~
7E v TRBIERER AL ST 5,

(3 FEROMHRIBESEDLSBRY T2, G- cBEROMBE, 20mmil LD, v
AL LT R DBEOENBNTE S L OEET b

B%: LT, LOFTOFEMNOETES, F32ICH e 47, PBFOXGREHE L2 M
%K 3 3Tt

B b AR oMECMmc, BEN Y - 2205H7 1 v & LTERL, HiEREAEBRATALZ
s ¥ apomE L Lo B e T B

BEPLREAERORENA, HREEFHAEEEZEREL TWAELD Y - ~rid, LT LIEET
v, BREMD Y - RELTEMEINEMo, Ti 2 EH, vrrre 4 CEBEESZWEAS I
TR b Thdb, HBWR Tl ¢ 22 b Hoke Seal 23ffdh, vasn A2 v - REO
v, BRI L A0y E N LT, ChEX 34T, PBFTH, =
FrVvAEE v o4 FEBELABGEHHERRICHIEL, v - 2r@d®2Tr - VHERICL-T
Wi, tHEEISETT. WEhOHETY, ¥ ArEFRALT, BEBEROME~Y ¥ 45
BNIHEAEER DA AR LA EBE L LA TE D, M BOREIFAN L.

332 LOCAEEER
E. Korbit, LOCABOBEOERICONWT, ¢hi THbhA#HBEOEREY v €= - LTH



JAERT -M 6925

com VR 12 LAOT 789

D IS WIS Lt OAINED I A DTICVIAPD AP AN AA IS

Do ipa kT PLAME a TAR AN ASYIVAT 3P R GRS et
R TIPS N S = Yy
AT ALy dens P AATIDINVEINL AIVGAT IO R RIS
TS MO (D T LS T AL BCS LA AN AT
DO FE Pl ALY T ik N D r PO TR 8 QYD i FIAM O
E L FADE D AR Dy (Taet RN TR e
CEAT L Pris G A7es L ISOAD T TEPT aebaw kT o T £
PRIAFEINGS — b (e T
Tiel P @ GE R P T AL DOF VO | Fer, QLTI
e T
AR DA, AT
raae IS IR IIL LSNP IVL T EIASI Nd O P AED L
LEPD Sa Iy DATIOANE I PIIPIRT o
P 5T 7 AR T i £ITRTUIGAR 2O POt FAL P prry @
TR PDD e
LIRS s Mk AIEPIETI R TR NS S AEIAIY 1y

Preled AT D TIE I Aain [rriew GO ) AUITIT WA
AT P D UT LI QU RO TIT (FIET FANLT S LTI NPT K

LKL RAPEIIRG, ATANBIT P _F Ao nA KT L B
SRS RNV IHUL FTOUDNED Wy FTAL

TTOES B A
At e RI VIS DA N S WV TIILS F DS

PR g e T T L 20T e = AR F P VT ¥ P
P AR BT A ednd el SIS * iy

A AT IO D
DTINTID I,

AT T I

PPN L AT | B | e
_FRARANIRT AL | B |t

o D o Pl e | s

: h“ﬂ 9&“ T LTI TR | B o @
£ EF o0r 07 garw i | § | 2
B OO e Sroooa i p| s
e ey ey ) PP A
= O o e IIH\‘\ el s
| T T imrise ot oy Gaamemnazioy | ¢ | i

__Tl S

(EOV2F AL S ST I p ey 0 D — s e
! [

|

|

N 7
i +—+
_ &
. (EATP Pcco) —-
X \\E\K L8 Up 0 D e IV et |

ronrioeo > Duse

for 24T PSS
st s
e S

p
b oz Sy DL S

ATENTSSY H )
” Eorei

o
s

e pr £

o

—g nerGE -

s s £y 5O w.f £, w7

'Aod N3ANd AFLINAWIHLENI L4077 9 "Dha
RN L - L g P imrrinn b ————
2] 995°006-NX_ o e
er WL roaH P PO IS Da ST e e T 2 .. P
Y ol A A ey Sy gzl B, - .“w o
A Sy iy WP BN o1kl A O W rL PAEERPPr Y
oty | AT i P g St
GO8  GILNIWNNELSNI —ars g L4 BRI £ By Mo T
s et Ot ey e ARz I v
i D T AR RSO AD A TSRO (| L 7 W — Sl S S
Y AT s 7] “ o _KSE_ e DY 1 “.s....ﬂ» | LA A
o= — ik 4 =
P R R d . o
D ANWIWOD HYTTONWN MO | Crl T . ]
=il Tevran T = EX
i =l e » &7 fll L
. & ST
s 4 I
- AT [ F =
=z Fcaca
. T & CACAGZ
LA Z s lgrimr] |
ROUIvIO71 WiGvd P s H = 72| rs
L & El Z ot A
CFE\TF lows |Gre oir | O owE a5 A | 2 s | of 07 ok fomst
7 NOT |
&2 NOLEDFS DAL D HOLLOF Qf TAT by o #icis 2O o, AL i N P ||
|
e SInore DD O by DI F 2 A A NOAL 375 v\\gk\hL

VO E T RS TP

P A PN T I00s o

- o S X —

RO ———————— —

— T

s A AR a TR B A

g ¢

W\W7Z @% w

rL

P et
J/T _mm SRS e

BT LU D CIARIXS n\\g . .‘
e Y Ry | \
WAL BRI T FOD SO —

Vi

& @ @

Fl\

P R e LT

el -2

— 100 —



JAERI-M 6925

Zircaloy Sheoth —

///_///////////////-//////

T W/ Re Wire — - _ " Zircaloy Plug—, |

_

)’ BeO Insulation ——\_/~»4
/////////////////////_///
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e Junction: Grounded Plug Type
‘ ANC-/A_-4\302

SKETCH OF GROUNDED JUNCTION THERMOCOUPLE CONSTRUCTION
USED FOR CLADDING SURFACE TEMPERATURE MEASUREMENT
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SPRING MOUNTED THERMOCOUPLE INSTALLATION DESIGN
FOR CLADDING SURFACE TEMPERATURE MEASUREMENTS
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Capsule internal dosimetry

Threshold Humber
Material + reaction Haif-life energy Form . per
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e HP—375
NRC O~ 7 v HBWRIC 5 5 HEFEER
IFA-430 (NRC/ANC)
Objectives: Establish gas transport characteristics within a fuel rod

with power level and clearance as mean parameters.

Rod Instrumentation: 4 center fuel T/Cg

6 dynamic gas pressure transducers

To be Loaded: 1976/9

IFA-432 (NRG/BNW)

Objectives: Measure effect of fuel-cladding gap width and fuel density
and stability upon fission gas release, fuel/clad
interaction and fuel center temperature at high heat

rating and burn-up.

Rod Instrumentation: 6 cladding extensometers
3 fission gas pressure transducers
11 central oxide T/Cg

1 ultrasonic thermometer

To be Loaded: 1975/11
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Table FA-XTV. 13ata Shect for IFA-429 (US-NRC), Operational Data

INSTITUTT FOR ATOMENERGI
OECD Halden Reactor Project.

DATA SHEET

IFA- 429

B Supplier: Aerojet Nuclear Co. Nuclear Regulatory Commission, ['SA,

OPERATIONAL DATA

OBJECTIVES

__To measure effects of power cveling, heat rating, fuel density, fuel-

cladding gap, fuel grain size, and burnup on fission gas release, gas

sorption, and centre temperature in pre-pressurized fuel rods,

i

I CESCRIFTION PRECICTED ACTUAL REMARKS

| Loading Date . 3 75 R

{ “Jnloa;img Cate o 9/78 _ -

BumUp MWAIIUC | s0000 ] - )

a Reactor Position o __l_-._3~_-_.__

i Zel Flux Position D T 1,12

! Channel Power kw o 1_i§“f?m . 143

| Avg Lin Heat Rating Wiem  B45 _ 3%0
Max. Lin. Heat Rating Wiem o L‘E'ﬁ"ﬂ___ 469 N )
Peak Surf. Heat Flux Wiem? . L Eiﬁ_ i o 177 195
Peak rkdi- W em b3 23 24,5 32,4
Paak Spec. Heat Rating W/gUO, ) “ s,r}_ 6 7g‘i ~4 i 9o
Max Centce Temp.°C  [1&0Q 2470 2680
Cooling Conditien _ Patural circulation I
Iciet Velocity m/sec o _ _ L _
inlet Thrattling +2/2g _ o ] .
Hydraulic Diam. mm 9.5 22.7 o

ared mmd 2270 30RE
#ssembly Dwg. 07425“_ ) Parts List Dwg. e
“able Dala Shee?ﬂ _ o 376180 .
Exparim. Procedure EP-1429
INSTRUMENTATION
1 Inlet turhine Z | Inlet thermocouples I 2 ‘Outlet thermocouples
1 ?Failure detector 1| Electromagnetic throttling valve R
fﬂ‘ﬂanadium neutron detgg:tors i ] 1 jCohaIt neutron detector
4 Tltrasonic thermometers | 2|In-fuel thermocouples 9 ]"Fission gas pressure ransy
T jducers

.
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Table FA-XV. Data Sheet for IFA-429 (US-NRC), Test Assembly Data - Top Cluster

ISSUE NO: 1 PAGE: 2

DATA SHEET son g\ |par. 5/5-1975
. N
4 IFA- 429 TOCP,’ CLUSTER
i TEST ASSEMBLY DATA
DESCRIPTION

Fuel Form Sintered UO, pellets o

Rod No. AC AB AE AD AA AH

fuel Weighi kg 0. 168 0.164 0171 0.167 _ 0.164 017
U, in End Peil | 0.0086 0.0078 0.0076 0, 0086 0. 0086 0, 0076

Fuol Density glemd | 10,20 998 10,42 10.20  9.98  10.42 B
fuel Diameter mm 9,30

Enrichment 13 Yo U-235 ) fiAmA :j
£nd Pell. Comp, | 95% T.D. nat. UO, -5 ‘t o Dv,Cy

Diam. Clearance mm 0.20 o

Pailet Length mm 13,2 o o _: A:
“iching Both ends, dish radius - 16.3 mm - ﬁ
ihing Cephme | 0.33 ’ o
Lund Width mm 1.4

Cladding Zr-4 N - . ﬁii
Cladding State Annealed A _

 Walding TIG ) - ) - ﬁﬁi__
Fil'er Gas He, 25 atm STP ) . _
Ciad. in. Diam. mm 9,50 o -

Clod, Thickness;m 0, 61 _ L I
Ne. Pins [Cluster b

Fiich Distance mm 46 . -
Spacers ' None - end supports only s

Fuel Length/Pin mm 244 246 244 244 245 244 _
Plenum 25 23 25 25 24 25 —
Shraud Material Al X 3001 '

Shrood Int. Diam. mm | 71 o
No. Of Clusters Three
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Tuble FA-X VI Data Sheet for IFA-429 (US-NRC), Test Assembly Data - Middle Cluster

DATA SHEET
IFA- 428

ISSUE NG i PAGE: 3
‘ e

sm{/(\ ' DATE: 5. 5-1975

—_—

MEDLE CLUSTER

A)

TEST ASSEMBLY. DATA

'DESCRIPTION

| Fust Form Sintered U0, pellets - ]
Zod Number BC . BB -BE  BD  BA BH

Fusi Weighks |0 161 0,157 0,163 0161 0,157 Q171 __
U0y n b pell] 00076 0.0076 _ 0.003_ 0,006 00076 o0.0076
Fual Dansity glem 10,20 9,9% 10,42 10,20 9, 98 10,40 -
fua! Diameter mm 9,30 L ’ a
Enrichment ,;ﬂii?,!«'*ﬁ,!*ﬁu.,. _ : B
Bam Closrones e _[0.20

Pelateghem |13.2

Dishing Bow ends, dish radius < 16,smm

Oushng Dephmm 0,35 _ -
Land Width mm 1.4 -
Cloddes  |zres

Cladding Siate | Annealed R ]

Weldng lme

Filer Gas | He, 25 atm STP_ .

Clad. Int. Diam. mm Y4, 40U

Clad. Thckness mm |, 1 R

No. Pins [Cluster [

Pitch Distance mm B 46 i e o

 Spacers None - end supports only

Fusl LengthiPin mm | 245 245 244 245 245- 144

Plenum 24 _24 25 24 24 23

Shroud Material | AL X 5001

Shroud Iot. Dam mm 71

No. OF Clusters Three
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Table FA-XVII. Data Sheet for IFA-429 .(US-N RC), Test Assembly Data - Bottom Cluster

ISSUE NO: 1 PAGE: 4
DATA SHEET sawd AN | oate 5/5-1975
IFA- 429 BO#TOM CLUSTER
TEST ASSEMELY DATA
DESCRIPTION
Fuel Form

Sintered UO,, pellets

Rod Number CB CA CD CE CH CcC
Fuel Weight kg 0.169 0,171 0,171 0,170 0.164 0,138
L'?SBOQ in bd Pelll| 0,006 0, 0086 0, 0076 0, 0086 0. 0086 0.0076
fuel Density gfem? 10, J,Vi) h N i“ -
Fuel Diameter mm 9.30 . 9.30 9,30 9,30 9.14 9,14
Enrichment 13 /o U-235 o _
Diam. Clearance mm 0,20 0,20 0.20 0.20 0,36 0,36
Pellet Length mm 15.2 S
Dishing Both ends, dish radius = 16,8 mm

Dishing Depth mm 0,338 o
Land Width mm 1.4

Cladding Zr-4

Cladding State Annealed ~ i

Welding TG

Filler Gas He, 25 atm STP B

Clad. Ink. Diam. mm 9,50

Clad. Thickness mm 0,61

No. Pins [Cluster 6

!-’:nch ﬁisianca mm 46

Spacers None - end supports only,

Fuel Length/Pin mm 244 245 244 ~245 244 244
Plenum 25 24 25 24 25 25
Shroud Material Al X 8001.

Shroud int. Diam. mm 71

Ne. Of Clusiers Three
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Fig. FA-6. Test assembly drawing for IFA-429 (US-NRC)
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Talbe  Tuble FA-XVII Data Sheet for TFA-431 (USN RC),_ Operationa! Data

INSTITUTT FOR ATOMENERGI pssveno. 1 eash YV
OFCD Halden Reactor Project. : DATA SHEET i suc'r'/ T pam. 25/4-75
— ; b .«_..1”,, e ————————————
7%
IFA-431 /

Supplier: Baftelle-Northwest/Nuclear Rerilatory Commission - L S, A,

OPERATIONAL DATA

OBJECTIVES

-  Measure effects ofjgg].écladding gap width and fuel density and stability upon

fission gas release, fuel-cladding interaction and fuel centre ‘temperature at .

low heat rating (330 W/cm) and burnup (4000 MWd/MTL),

DESCRIFTION - PREDICTED . ACTUAL REMARKS
toading Oste - 375 | :
Unloading Date 9/75
BormUp MWGIUO; O a000 |\
Reactar Position 6-15
Rl Aorpaon nee vazgo L
Channel Power. . kW 100 110
-ﬁ}igmli.iﬂ.__H_géLR_an_qg Wiem 330 360 Desired 300-330 W./cm,
Max. Lin. Hea! Rating W/om 360 400 '
Peak Surf. Heat Hux Wiem? 90 100

Peak_fkdl-l W.cm 18,2 20,0
Peok Spec. Heat Rating WigUO; 40 44
‘Max. Centre Temp. 9C 2250 2530
:CioorngiCondn_u_oi_ _jgk Natural circulat_;)n

Inlet Velocity misee
it Thonling <2122

Hydraulic Diam. mm 20
Flow ares mm?_ 2875

Assembly Dwg. 17982 ) Parts List Dwyg.
Cable Data Sheet 376191

Experim. Procedure EP-1431

- INSTRUMENTATION

1 |Inlet turbine 1 [Outlet turbine

2 |Inlet thermocouples 2 j0utlet thermocouples

1 iElectromagnetic throttling valve

6 |Vanadium neutron detectors 1 {Cobalt neutron detector
6 |Cladding elongation detectors

3 Fission gas pressure transducers

12 In-fuel thermocouples (W Re 5/W 26 Re Aerojet)
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. Table FA-XIX. Data Sheet for IFA-431 (US:NRC), Test Assembly Data_.-. .

e e S DATA SHEET:: o] /N |oate2574-75"
; ‘ —
: o1 F A= 431 f
ﬁ TEST ASSEMBLY DATA
a DESCRIPTION ' R IOTIEN AL s 5 :
Fusl Form Sintered UQ,, pellets !
Rod Number 1 2 3 4 5 6
Afue] Waight kg . 0.529 0,516 (.558 0,522 0.516 0,513 .
Nat.UO,) in Exd Pelly 0,020 kg 0,015 _9.015 0.020 0,015 0,020
Fuel Density glem? 10,42 10,42 10,42 10, 42 10, 09 10, 09 B
Fuel Diameter mm 10, 67 10,52 10,85 10, 67 10, 67 10, 67
Enrichment 10% U-235 -
End Pell. Comp. | 93% T.D. natural UO, - 5"/ Dv,0,
Diam. Clearance == ' | 0,23 0,38 - ong 0.23 0,23 0.23
Pellet Length mm 13 T
Dishing None - B
ouing Gogth T T
Land Width mm
Cladding Zr-2 _—____._ B
‘Cladding State Annealed
l’feldmg TIG i
Fill gas pressure { 1 ata _ #.m_____
Filler Gas He He He. . Xe . He .  .He.
Clad. Int. Diam. mm 10, 90 :
Ciad. :l'hickness mm 0, 94 r "‘__* ,,,,,
No. Pins [Cluster 5 7
Pitch Distance mm 18 ' . - . f
Spacers None - end supports only ' -
| et pellet Laghymy 25,6 19.2 19.2 25,86 19,2 25. 6 P
| Fuel LengthiPin mm 374, 4 574,.6 580.6 566.1 579,1 575.9
A Plenum, mm . 17 23 17 - 24 18 15
Shroud Material Al X 8001
Shroud Int. Diam. mm 71
No. Of Clusters . 1
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Fig. FA-7. Test assembly drawing for IFA-431 (US-NRC}
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