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1.0 Objectives

The purpose of this work is to provide high tempera-
ture materials property data in support of planned NRC
Severe Core Damage programs. primary focus is directed
at high temperature ex-reactor physical property and
reaction kinetic tests to develop data on cladding-fuel-
structure reaction products. The program is divided
into four tasks as follows:

.

Task I: Analysis and Reporting Results

Task II: Zr-H O oxidation kinetics
2above 1500*C

Task III: Zr(0)-UO *H O thermodynamic2 2
and reaction kinetic studies

Task IV: Viscosity of liquified fuel

2.0 Sumarv of Pfior Efforts

Initial efforts were started in FY-82 under FIN B2372
and were directed at building and assembling the required
experimental apparatus needed to obtain useful data. Key
accomplishments to date are as follows:

The experimental equipment needed to obta'in*

high temperature transient oxidation data
has been assembled and made operational.

An oscillating cuo viscosimeter was reconstructed*

and the capabilities developed to measure
kinematic or shear viscosity in molten Zr(0)/UO

2mi xtures. .

The ability to detect Zr02 f rmation by laser-*

raman spectroscopy was demonstrated. However,
preliminary tests indicated that a Ar* ion
laser was not powerful enougn to excite
measureable H O and H2 signals. A more power '2
ful excitation source must be employed.

* !sothermal oxidation kinetics data was obtained
at 1400*C for calibration purposes. The data.

is in good agreement with that reported
previously by other investigators using dif-
ferent experimental techniques.

.
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The capability to perform fast-hign temperature*

transient oxidation experiments and monitor
thermal response in real time was demonstrated.
Preliminary experiments have indicated..that the
Sudden temperature rise commonly observed in-

Zr-H O reactions at high temperatures may be a2

result of poor heat dissipation in the develop-1

ing oxide film as opposed to rapid total
consumption of the underlying metal substrate.
These results could have important implications
in modeling fuel bundle damage during the
course of a postulated accident..

Viscosity measurements for Zr and Zr - 10 mole :*

UO2 were made at temperatures up to 2000*C.
The solids remaining in the initial two phase
liquid-solid mixture significantly affect fluid
behavior until complete melting has occurred.

3.0 Work to be performed and Expected Results (FY-Sa)
.

Task I:

The purpose of Task I is to coordinate the program
and to intagrate data output with user needs. A
close working relationship with SFD test programs
in NRU and PBF will be established and an interfacs*

maintained with the studies being performed at KfK
in Germany. Expected output for FY-84 are as
follows:

Quarterly reports*

A data report for Ir-U-0 viscosity on mixtures*

containing up to 10 mole 5 UOZ will be ccmciled.
10/15/83

!ssue a preliminary report of Zr-H O iso?9erm41*
2oxidation rates for temperatures between 1600'C-

1800*C. 11/15/83

!ssue report. identifying rate constants and*

activation energies for Ir-H90 reaction
kinetics between 1600*C-2000'C. 4/1/84

Presentation of results and data at meetings*

identified by NRC. As required

Hold coordination meetings with !G&G corsonnel*

to discuss SCCAP deve1coments. As reoutred

.

.
.
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Task II:

An important part of analyzing and controlling high,

temperature SFD experiments requires a thorough
understanding of Zircaloy - Steam Oxidation Kinetics
at temperatures where the reaction is thought to be
autocatalytic. The purpose of this task is to provide -

a data base suitable for analytically predicting the-

heat output, temperature rise, and amount of cladding
wall thickness consumed during the course of a
postulated SFD transient. Data defining rate
constants are needed from 1500'C up to and exceeding
the melting point of liquid Zirconium. Analysis
techniques capable of real time measurement during a
themal excursion are required. Laser-raman
spectroscopy will be used to measure the influence of
H , Hp0, and H /H O on reaction kinetics if suitable7 2 2
sTgnal responses can be obtained. Expected results
for FY.84 are as follows:

Complete .isothemal Ir-H O oxidation tests between*
2

1600*C - 1800*C. 9/15/83

Detemine if Nd:YAG laser excitation will induce*

a strong enough raman signal to measure H2 and H2O
species during the course of an oxidation event.

10/1/S3

Establish preliminary effects of H, and H 0 on*
9

reaction kinetics (assuming Nd:YAG' laser 5rovides
suitable analytical results). 12/1/83

* Complete transient Zr-H O oxidation tests to
2

temperatures of 2000*C or above. 1/1/84

Task III:

Reaction kinetic studies are needed to develop heat
of reaction data for the UO *Zr-Steam System between2
1500*C and 2000*C. The nature of these reactions,
i.e. whether they are endothemic of exothemic,
must be understood to properly analy:e energy balance,

during the course of a postulated SFD event. *he
purpose of this task is to provide baseline thermo-
dynamic data and kinetics infomation to support
analytical modeling of fuel rods exoosed to 5FD
conoitions. The work will focus on the reactions
associated with Zircaloy-Steam Oxidation and with
the dissolution of UO2 into oxygen saturated Zirconium.
Post test grsvimetric evaluation of total oxygen
uotake, measurements of reaction deaths, and details
of oxygen concentration orofiles in the reaction
: anes will be used. Excected results for FY 8a
sre as follows:

.
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Perform reaction rate measurements between Zr and
*

U02 at temperatures up to 1700'C. 2/1/84
, .

,

! Develop capability for extending reaction kinetic*
|

! measurements to temperatures up to and including
!

,

the molting point of oxygen saturated Zirconium,
and if possible to 2000*C. 6/1/84|

f

Task IV:

,The viscosity of liquified fuel as a function of
temperature is important in the modeling of fuel rod
behavior during severe high temperature accident,

'

conditions to properly account for meltigg and
refreezing of the cladding. The purpose of this
task is to obtain the viscosity data needed to model
the redistribution of liquified fuel during conditions
which support rapid heating of fuel rods. The
viscosity of U-Ir-0 mixtures will be measured with ,

'

an oscillating cup viscosimeter. The composition
to be measuhed is contained in a ceramic lined

.

refractory metal capsule. The capsule is suspended
from a tungsten torsion wire inside a tungsten-mesh ,

resistant heated vacuum furnace. Expected results |
>

in FY-84 are as follows: '

Complete viscosity measurements for compositions*

less than 10 mole : UO ' 9/I/832

Detemine the influence of Th02 crucible reactions !L*

on viscosity and make approoriate corrections to ;

viscosity data. 10/1/83
|

Perfom viscosity measurements on mixtures containing I*

12, 15, and 16 mole : UO . The following data is -2

needed based on new infomation that the Ir(0)-UO2
'

eutectic is at 15 mole 1 as ocoosed to the 5 mole 1
previously believed. In addition, the maximum
solubility of UO
to be 16 mole 5.2 and Zircaloy at 2000*C is thoughtThus, the viscosity of this
mixture needs to be detemined. 2/1/84

5.0 Relationsnies to Other proiects
,

This program is supportive of other NRC efforts in PSF !
and NRU which are evaluating the behavior of LWR fuel during |

*small break" loss of coolant accident conditions. The !

program should provide information of interest to jointly |sponsored industry-EPt! EDCOR efforts on degraded core :
conditions related to Class 9 accidents and to tne inter- |national community interested in cetaining information on

i
fuel rod benavior under SFO concitions. Physical orcoerty i

measurements and seoarate effects tests are also esing cor- '

formed at XfX in Germany.
,

e e
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6.0 Reoortino Schedule
-

e FY-83: No reports issued other than Quarterlies

e FY-84: The data reports identified in Task I
will be prepared and issued per NRC Jirectives
to insure proper dissemination and that only the

' - '

appropriate international organizations receive
distribution.

.

7.0 Subcontractor Information
~

No subcontracts are anticipated in support of Battelle
Pacific Northwest Laboratories efforts.

8.0 New Capital Ecu1oment Recuirements

Most of the sos.histicated laboratory equipment needed to
~ " ~ ~ ' -- '

perfom the high temperature transient oxidation studies, the
viscosity measurements, and the heats of reaction oetermination
are in place. Th9 d:YAG laser needed to obtain sufficientN

signal response at high temperatures from reactive H2 and H O2
species has been acquired on a complementary 00E sponsored

~

program. Installation and operation of this equipment is
expected by August 1983.

A high temperature furnace needed to perfom heats of
reaction and pnase equilibria studies on Ir-UO2 above 1700'C
will be required if all Task III objectives are to be acnieved.

,
The estimated cost of this furnace is $30K.

--- - -

- ' 9.0 Facilities
-

Laboratory equipment and space in Batte11e's Physical
- - .. - _ ~_. ._ Sciences Laboratory (PSL) will be used to perfom the high

temperature oxidation studies, and facilities in the
- - Engineering Development Laboratory (EDL) will be used for the

viscosity measurements. The differential themel analysis
equipment is located in the Fuels Laboratory in Building 306-W.- ---

- --

All of the equipment described above has been used concurrently-

" " ' ~ ~ '
- on 00E programs and no conflict with either equipment or

facilities are anticipated in FY-84
_. _ _

.

, _ _ . ,, ,
10.0 Conflict of interest

This project has been reviewed by Battelle's Corporate_ ..
~ Scope Coordinator, who indicates that it does not duplicate

wort being performed for others.--~ ~ . . - .. . . .. . .
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