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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.
,

i

:

I

(3) STUDY COOLABILITY OF DEBRIS.
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EXPERIMENT PROGRAM

PHASE I:

PRELIMINARY AND SCOPING TESTS SIMULATING CORE UNCOVERY
5

ACCIDENT EVENT.

PHASE II:

DETAILED TESTS SIMULATING WIDE-RANGED SCD EVENT 5 USING,

MODIFIED NSRR AND DEVELOPED TEST TRAINS.
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PHASE I AND PHASE II EXPERIMENTS PROGRAM
_

.

Peak fuel temperature (*C) Pre-irradiation
of test fuel rod Remarks

<

Accident type Reactor

Period to be simulated power quasi-steady state trantient (burn up fuel)*

Using present NSRR
.

Phase I 1982 + 1984 Core uncovery Pulse an:J,

41600 %3000 no
transient or test equipments

-

and Steady-state

Reflood phase
__

Using modified NSRR

Phase II 1986 % PCM & ATWS Controlled and

in addition to power to developed test
,

%2500 %3000 yes
above simulate any trains

,
,

.w
types of'

accidents- - _.

_ _ _ . _ _ _ _.

Fuel temperature will be simulated mainly.*
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EXPERIMENT PROGRAM IN PHASE I

|
1. OBJECTIVES

(1) FUEL BEHAVIOR TEST & DEBRIS FORMATION TEST

(i) EXTENT AND TYPE OF FUEL ROD DAMAGE AND POSSIBLE FLOW
BLOCKAGE RESULTING FROM A RANGE OF CORE UNCOVERY

TRANSIENT.
4

(ii) CORRESPONDING AMOUNT OF FISSION . PRODUCTS RELEASE FROM

FUEL.
,

.

(iii) FUEL FRAGMENTS SIZE AFTER REFLOOD QUENCHING.
-

.

(iv) KINETICS OF 'ZIRCALOY-STEAM AND-UOREACTIONS INCLUDING
2

EFFECT OF ENVIRONMENTAL GAS AND CLADDING INNER SURFACE,

-

' OXIDATION.
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1. . OBJECTIVES (CONT'D)
1

;
.

'

(2) COOLABILITY TEST

THERMAL-HYDRAULIC CHARACTERISTICS OF DEBRIS BEDS.<
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2. TEST SAMPLES

(1) FUEL- BEHAVIOR & DEBRIS FORMATION TESTS

FUEL (14 x 14 PWR TYPE)ZIRCALOY-4 CLAD UO2
.

UNIRRADI ATED (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
~

(SIZE: CONTROLLED, SHAPE: UNCONTROLLED) ;

.

SPECIALLY-FABRICATED FUEL AND CLADDING CHUNKS

(SIZE AND SHAPE: CONTROLLED) ;
,

,

l

!
!

i

A SIMULATED CONiROL ROD WITH LOW-MELTING POISION MATERI ALS*
|

MAY BE REPLACED IN THE CENTER IN SOME CASES. i
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3. TEST CONDITIONS ,

(1) IRRAD'IATION (RAMPING OF POWER)

STEADY-STATE POWER

- EXPECTED ?EAK FUEL TEMPERATURE: $1600*C |

j

0 * 10*C/SEC (VARIABLE)- HEATING RATE :
.,

PULSING POWER .

- EXPECTED PEAK FUEL TEMPERATURE: $300b'C
.

VERY FAST (NOT VARIABLE)- HEATING RATE :

:

i (2) COOLING (TERMINATION OF-TEST)
- .'

;

- SLOW (0 + 50*C/SEC) CR QUENCH

=
i

(3) C00'LANT (ENVIRONMENT OF' TEST FUEL)
1

- ATMOSPHERIC PRESSURE OF WATER, STEAM, AIR, HELIUM OR

THEIR MIXTURES
:

-

.i
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4. TEST PARAMETERS

.

i (1)- HEATING RATE
-

VERY QUICK (PULSE OPERATION)

!
1 SLOW 0N 10*C/SEC (STEADY-STATE OPERATION)

!

: (2) TEMPERATURE OF FUEL OR CLADDING
1,

PEAK : 1000 N 3000*C (PULSE OPERATION) '
,

i

i 1000 * 1600*C (STEADY-STATE OPERATION)

!

i HOLDING: 05 10 MIN (STEADY-STATE OPERATION ONLY)
i

TIME .+

:

i
.

1

(3) COOLING CONDITION CIERMINATION OF TEST)'
,

Stow (0 * 50*C/SEC) OR QUENCH
I

i~

I

(4) ENVIRONMENT GAS

i

i STEAM, HELIUM OR MIXTURE
| *

,
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5. TEST DATA
"

l'
-

.

(1) TRANSIENT

TEMPERATURES OF FUEL CENTERLINE, CLADDING SURFACE,(I):

DEBRIS AND ENVIRONMENT GAS
.

:

; (II) FUEL DISPLACEMENT
,

(III) DIFFERENTIAL PRESSURE ACROSS DEBRIS BED.

I (IV) FUEL MOTION OBSERVATION
.

.

.

*
,

(2) POST-IRRADIATION EXAMINATION
,
,

.
,

(I) DIMENS,IONAL MEASUREMENT
.

(II) METALLOGRAPHY AND CERAMOGRAPHY

(III) HYDRONGEN AND FISSION PRODUCTS ANALYSIS

'

(TO DERMINE FRAGMENTS SIZE)(IV) SIEVE ANALYSIS .
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Table 1 Sunnary of N5RR 500 Phase 1 Emperiments
*

*
,

'
. .

.._

Test Designation Specific objectives Key Test Parameters,

*

Peak fuel temperature: 1000 + 3000*C.,1 t-
I. Determine nature of fuel red a

(pulse irradiation only. no heating rate controlled)'

damages
Enytrennental gas: 4 air, steam er tWr elatms*

* 'I*' 2. Study Zry-H,0 and .00,*

Cooling rate: sim or wn s1m
Test reactions . Holding time at peak temperature: 0 % 10 min

3. Determine amount of FP (mane peak tagerature % 1600*C
.

-
F'I"'' . Heating rate: 0 * 10*C/sec (g to idOO*C)

$ 1. Charactertre debris fannation * Same es above

7 by reflood quenching (Water is injected under above condittens)g,g ,

Formation j
2. Deterethe amount of FP.

Test ,,y,,,,g

Coclability 1. Study thermal-hydraulic Fuel temperature before water injection: 2 1000*C

rectoristics of M rts W S * M rts W M th: 5.10 (W cmc
* Particle sfre : 1 10 m apprealmstelyTest upon reflooding

*

i,
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Fuel Behavlir & Debris FsruatIon Tistn (1/3)T:bl9 2
*

.

Heating Peak fuel Holding time Cooling Environmental Test

at peak rate gas before date Status of fuel.

rate teratum reflooding
during temperature

!ramptng

(*C/sec) (*C) ('C),, .

slow He iM3.1 Cladding and fuel sitehtly molten
1600

-

quench He IM3. 6 due to LD ,-Iry reaction*

.
,'

slow lie IM3.1 Cladding and fuel partially molten
i

e Very 1800
-

quench He IM3. 9 due to Llo,-Zry reaction
:

high slow mixtum IM3. 3 unless severe ontdetton occurs% *

*
f

slow steam done *

'
* fpulse ) (104-7) !,

.' trradia- metalte cladding molten and itquifled
>

slow He done
(tion / 2000 (104-10) fuel formed

'-
,

very slow lie 1984. I*

slow steam done
(104-6)

s

quench steam IM3. 9 |'

{ |
t ,

I
t
4

L-
.
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Table 2 Fuel Behavior & Debris Formation Tests (2/3)
.

Heating Peak Fuel Holding time Cooling Enyt. ntal Test

rate at peak rate gas before data Status of fuel
temperature

during temperature reflooding,

,

ramping

(*C/sec) (*C) (*C) .

.

slow air 1983. 2 large amount of liqutfied fuel
22 -

very
quenr.h afr 1983. 11 formed

* * high
slow he 1983. 3

9 ,jg, 3
" FF SI'" N IE I*

trradfa-., .

'" slow air done fuel molten. but fuel frapnentation
1' 3000 -

I ~I imay occur.
7 slow He 1983. 4

,
-

i

*
A total of s5 tests will be added for unspectfled quench experiments to study debris formation

upon reflood quenchteg.

* Fuel temperature will be kept high with well-destged thermal insulator (s) or auntliary electric heater

installed.
. -
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FIG. 1 TEST TRAtm or futL BEHAvton 4 ,
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