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NSRR SFD EXPERIMENT PLAN

GENERAL OBJECTIVES

(1) DETERMINE NATURE OF FUEL ROD DAMAGES (CLADDING OXIDATION,
BALLOONING TO RUPTURE AND FUEL LIQUEFACTION) AND FISSION
PRODUCTS RELEASE FROM FUEL RESULTING FROM WIDE-RANGED
SCD EVENTS.

(2) CHARACTERIZE DEBRIS FORMATION BY REFLOOD QUENCHING,

(3) STUDY COOLABILITY OF DEBRIS,



EXPERIMENT PROGRAM

PHASE 1:
PREL IMINARY AND SCOPING TES'S SIMULATING CORE UNCOVERY

ACCIDENT EVENT.

Puase I1:
DETAILED TESTS SIMULATING WIDE-RANGED SCD EVENTS USING
MODIFIED NSRR AND DEVELOPED TEST TRAINS.



PHASE | AND PHASE [1  EXPERIMENTS PROGRAM

el Accident type . Reactor peak fual temperature (°c) Pre-irrlgiaglond .
erfo of test fuel ro Remarks
to be simulated power quasi-steady state |transient (burn up fuel
Phase 1 | 1982 ~ 1384 | Core uncovery Pulse - Using present NSRR
transient or ~1600 23000 no ari
and Steady-state test equipments

Reflood phase

Using modified NSRR

Phase 11| 1986 ~ PCM & ATWS Controlled ‘
in addition to | power to and
above simulate any ~2500 ~.J000 yes developed test
types of trains |
accidents 1

+ Fuel temperature will be simulated mainly.



EXPERIMENT PROGRAM IN PHASE I

1., OBJECTIVES
(1) FueL BewAVIOR TEST & DEBRIS FORMATION TEST

(1) EXTENT AND TYPE OF FUEL ROD DAMAGE AND POSSIBLE FLOW
BLOCKAGE RESULTING FROM A RANGE OF CORE UNCOVERY
TRANSTENT.,

‘

(i) CORRESPONDING AMOUNT OF FISSION PRODUCTS RELEASE FROM
FUEL.

(i) FUEL FRAGMENTS SIZE AFTER REFLOOD QUENCHING.

(iv) KINETICS OF ZIRCALOY-STEAM AND-UO2 REACTIONS INCLUDING
EFFECT OF ENVIRONMENTAL GAS AND CLADDING INNER SURFACE
. B ’
OXIDATION.



-

(2)

COOLABILITY TEST

. THERMAL-HYDRAULIC CHARACTERISTICS OF DEBRIS BEDS.



2. TesT SAMPLES
(1) FueL BEHAVIOR & DEBRIS FoRMATION TESTS
71RCALOY-4 CLAD U0, FUEL (14 X 14 PWR TYPE)

. UNIRRADIATED (FRESH) ROD

« SINGLE ROD (OR 5-ROD CLUSTER")

(2) COOLABILITY TEST

. FUEL FRAGMENTS FROM FueL DEBRIS FORMATION TESTS

(SIZE AND SHAPE: UNCONTROLLED)

. FUEL FRAGMENTS FROM NSRR RIA TESTS

(S1ZE: CONTROLLED, SHAPE: UNCONTROLLED)

. SPECIALLY-FABRICATED FUEL AND CLADDING CHUNKS

(S1ZE AND SHAPE: CONTROLLED)

* A SIMULATED CONTROL ROD WITH LOW-MELTING POISION MATERIALS
MAY BE REPLACED IN THE CENTER IN SOME CASES.



3, TesT CONDITIONS
(1) IRRADIATION (RAMPING OF POWER)

. STEADY-STATE POWER
— EXPECTED 7EAK FUEL TEMPERATURE: ~1600°C

— HEATING RATE .« 0 ~ 10°C/sec (VARIABLE)

* PULSING POWER
— EXPECTED PEAK FUEL TEMPERATURE: ~300u°C

— HEATING RATE +  VERY FAST (NOT VARIABLE)

(2) CooLING (TERMINATION OF TEST)

— sLow (0 ~ S50°C/sSeC) CR QUENCH

(3) COOLANT (ENVIRONMENT OF TEST FUEL)

— ATMOSPHERIC PRESSURE OF WATER, STEAM, AIR, HELIUM OR
THEIR MIXTURES



4, TeST PARAMETERS

(1) HEATING RATE

VERY QUICK (PULSE OPERATION)

stow 0 ~ 10°C/sec (STEADY-STATE OPERATION)

(2) TEMPERATURE OF FUEL OR CLADDING
Peak : 1000 ~ 3000°C (PuLSE OPERATION) *

1000 ~ 1600°C (STEADY-STATE OPERATION)

HoLping: 0 ~ 10 MIN (STEADY-STATE OPERATION ONLY)

TIME

(3) CooLING CONDITION (TERMINATION OF TEST)

sLow (0 ~ S0°C/<EC) OR QUENCH

(4) ENVIRONMENT GAS

STEAM, HELIUM OR MIXTURE



5. TesT DATA

(1) TRANSIENT

(1)

(11)

(111)

(1v)

TEMPERATURES OF FUEL CENTERLINE, CLADDING SURFACE,
DEBRIS AND ENVIRONMENT GAS

FUEL DISPLACEMENT

DIFFERENTIAL PRESSURE ACROSS DEBRIS BED

FUEL MOTION OBSERVATION

(2) POST-IRRADIATION EXAMINATION

(1)

(11)

(111)

(1v)

DlMENg}ONAL MEASUREMENT
METALLOGRAPHY AND CERAMOGRAPHY
HYDRONGEN AND FISSION PRODUCTS ANALYSIS

S1EVE ANALYSIS (TO DERMINE FRAGMENTS SIZE)
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Table 1 Summary of NSRR SCD Phase | Experiments

Test Designation

Specific Objectives

Key Test Parameters

Determine nature of fuel rod

Peak fuel temperature: 1600 ~ 3000°C

Fuel damages (pulse irradiation only, no heating rate controlled)
Behavior Study Zry-H,0 and U0, . Environmentsl gas: He, air, steam or their mixtures
Test resctions . Cooling rate: slow or very slow
. Holding time ot peak temperature: 0 ~ 10 min
Determine amount of FP (max, peak temperature ~ 1600°C
—— . Meating rate: 0~ 10°C/sec (wp to 1600°C)
Debris Characterize debris formation + Same as above
by reflood duenching (Water is injected under above conditions)
Formation
Determihe amount of P
Test release
Coclability Study thermal-hydraulic . Fue! temperature before water injection: 5001000°C
Test characteristics of debris beds « Debris bed depth: 5, 10 (15) cm

upon reflooding

Particle size :

1 10 m approximately
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Table 2 Fuel Behavior & Debris Formation Tests (1/3)
Heating Peak fuel Holding time Cooling Environmental | Test
rate temperature at peak rate gas before date Status of fuel
during temperature reflooding
ramping
(°C/sec) (°C) (°c)
1600 — slow He f983. 1 Cladding and fuel siightly molten
quench He 1983, 6 due to U0 -Iry reaction
Very 1800 — slow He 1983, 1 Cladding and fuel partially molten
high quench He 1983. 9 due to U0 ,-Iry reaction
slow mixture | 1983, 3 unless severe oxidation occurs
pulse slow steam done
mm.) (104-7)
tion 2000 — stow He (l;ﬁﬂ) metalic cladding molten and 1iquified
= B fuel formed
very slow He 1984, 1
slow steam done
(104-6)
quench steam 1983, 9




-£1 -

Table 2 “uel Behavior & Debris Formation Tests  (2/3)

Heating Peak Fuel Holding time Cooling tnvironmental | Test

rate ¢ ture at peak rate gas before data Status of fuel

during temperature reflooding

ramping

(°C/sec) (°c) (°c)

very 2500 = slow air 1983. 2 large amount of 11quified fuel
high quench alr 1983. 11 formed
pulse slow He 1983. 3

trradia very slow He 1984, 1

e 3000 _ slow alr done fuel molten, but fuel fragmentation

(104-4) may occur.
slow He 1983, 4

A total of 5 tests will be added

upon reflood quenching.

* Fuel temperature will be kept high with well-desiged

installed.

for unspecified quench experiments to study debris formation

thermal insulator(s) or auxiliary electric hester
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F16. 1 TEST TRAIN OF FUEL BEMAVIOR &

DEEr 15 FORMATION

TesTs

Capsule

Thermos Bottle

ﬁ"ﬂ\md Insulator

o

/

Neufron Moderalar

Test Fuel

Water

e

Heafer ( Steam Greneralor)

Electrovalve

{ for Gucnchi'a)
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Fig.2 Test Train of Coclabilily Tast

Capsule

Thermos Boftle
- “Thermal Insulalor
A

Neutron Moderalor
R

Debris Bed
-

Water
'/’/
£l Heater ( Steam Generalor)

Electrovalve

( for Qu.nd\ing)




