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1. INTRODUCTION AND SUMMARY

The experiment requirements and objectives for the reactivity 1nitiated
accident (RIA) tests to be conducted in the Power Burst Facilit SPBF)
are described in the RIA Experiment Requirements Document (ERD) ! . The
primary objectives of the RIA rese ~-h are to determine fuel failure thres-
holds, modes and consequences as functions of enthalpy insertion, irradiation
history, and fuel design. Coclant conditions of pressure, temperature,
and flow rate that are typica’ of hot-startup conditions in commercial
BWRs will be used in the Series 1 tests. '

The first RIA %est ocui. oad in the ERD, RIA 1-1, 1s to be performed
using four test fuel roas {Lwn unirradiated and two irradiated) in the
four rod hardware. The test fuel rods are to be exposed to a power transient
in PBF which depcsits an anergy of about 300 cal/g at 90% of the fuel
raci's (i.e.,, nea~ the fuel surface). This will be the first RIA experiment
ever performed at hot.startup conditlons and three potential problems have
beer 1dentified s nce toe ™" .as written, These problem areas, described
in detail in the next ss¢oiop of this document, are: 1{dentification of
the fuel faflure thresrcid ereray deposition for hot-startup conditions,
evaiuation of calovimatry tuchnigues for RIA transient tests, and determination
of possitle preszurs zu”:os tiet can result from fuel failure 1n a water
f11led system. Also, recent TRFAT test results have indicated that it
may be difficult to obtain usabie information from some of the instruments
planned fcr use on the Serjes 1 tests. To resolve the questions raised
by the THLAT tects 1t will be necessary to expose selected {nstruments
to a power burst and monitor thelr response under adiabatic, constant pressure
conditions. Consideration of these potential problems made 1t clear that
an RIA Scoping Test, the subject of this Experiment Specification Document,
must be performed t¢ resclve thesz potential problems prior to performance
of test RIA (-1,

The RIA Scoping Test should be comprisad of five single rod experiments.
The first rod will be subjected to a series of transient power hursts of
ever increasing energy releasa to determine the energy depositinn failure



threshold. The second rod will be subjected to an energy deposition about

50 cal/g less than the energy deposition required for failure during the

first test. The third rod will be tested at the faillure threshold energy
deposition. A calorimetric power calibration will be performed on the

second and third rods for comparison purposes. Rods four and five will

be subjected to very high erergy depnsitions (475 and 600 c21/g average

energy insertion, respectively) to evaluate pressure pulse generation due

to fuel fragmentation at hot-startup conditions. Calorimetric power calibrations
will be performed on rods four and five. In the event of unexpectedly

large pressure pulse generation for rods four and five 1t may be necessary

to perform additicnal ~igh energy depusition tests to determine the energy
deposition recuirec “or *uel dispersal and subsequent pressure pulse generation.

The PBF-TFBF singie rod test train or 1ts equivalent will be used
for the scoping tests. instrumentation for measurement of pressure pulse
generation and test rod power will be necessary for the test. To evaluate
the affects of radiat on on the performance of the fuel rod instrumentation
plarmed for the RIA farizs i *zsts, ‘wo pressure sensors and an LVDT should
be placed in a nearly &c”.catic, constant pressure environment within the
test train and monitored during the bursts. No test rod instrumentation
witl be recuired.

Results of the Lead Rcd Test Series will be used to make preliminary
estimates of the transiert burst perfod required.

2. RIA SCOPING TEST RATIONALE
The three potential problem areas identified since the ERD was written
for RIA testing that lead to the RIA Scoping Test are: hot-startup threshold
energy deposftici, applicability of calorimetry, and pressure containment

capability.

2.1 Hot-“tartup vhreshcld Energy Depositi: s

RIA tests conductec {in the SPERT, TREAT, and NSRR facilities indicate
that whe: iight waie. rescter fuel rods are subjected to peak energy
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depositions 1n the range from 270 to 300 cal/g (rear the fuel surface),
failure due to brittle rupture of the cladding occurs with cladding melting,
oxidation and embrittlement. These tests were conducted at atmospheric
pressure, ambient temperature, with no coolant flow, and using unirradiated
test fuel rods. The RIA test series in PBF was planned to extend current
knowledge of RIA fuel behavior to more typical reactor conditions.

Analytical studies have shown the coolant behavior to be important,
Coolant flow past the fuel rods, 1f maintained during the transient, is
calculated to result in Tower cladding temperatures with higher test rod
energies required to cause fuel rod failure (for fresh fuel rods). This
effect results from the better energy transfer from the fuel rod with
forced coolant flow. However, recent NSRR data on single test fuel rods
contained in shrouds indicate that heat transfer can significantly affect
thermal-hydrailic behavior and result in failure at energies less than
270 cal/g. Thus, the failure threshold may be larger than previously
measured due to the effects ¢f flow, or smaller due to the effects of
fiow shrouds. In addition the fuel failure threshold for irradiated rods
may be somewhat lcwer 2lso. The 1imited data preclude quantification;
however, {rracdiated rz7s have failed at energy densities as Tow as 150
cal/g {average energy deposition). For these reasons ft 1s advisable to
perform sceping tests to determine the BWR hot-startup threshold energy
deposition prior v Test RIA 1-1.

2.2 Applicability of Ca'lorimetry

Beiuuze part of the test fuel rods to be used in the RIA tests will
be preirradiated and because preconditioning of the test fuel rods is
planned prior to the power bursts, fission product analysis methods for
determining energy deposition are precluded. Therefore, calorimetry must
be relied upon for the determination of test rod energy deposition. Cal-
orimetric energy determination will be perfrrmed during steady-state
operation.



Several problems exist in relating energy deposition during transients
to steady-state calorimetric measurements:

1.

2'

The coolant density and void fraction within each test
train flow shroud will be significantly different for steady-
state operation than for & rapid RIA burst.

The ratio of test rod power to core power may be different
for transient and steady-state operation because of the
lack of delayed neutron and delayed gamma radiation during
transient burst operation.

The time response of the sol{-powered neutron detectors
(SPNDs} to be located in the IPT for time-dependent power
measurementstd may not be adequate for the fast rise time
power hursts,

Uncertainty exicis o correlating the very low signals
from the core burst detectors during calorimetric measurements
at Tow powers to the very high output during burst operation,

The ax‘a” puwer prafile is expected to be diffezrent for
steady-state and trancient power conditions.

The neutron energy spectrum 1s different at the edge of
the core where the core chambers are located than {t {s
in the test space where the experiment 1is located.

The RIA Scoping Test is required to provide confidence in the calorimetric
tecnhiques for determining energy deposition. Both fission product analysis
and calorimetric measurements will be perfeorrmad for comparison purposes,

[a] These SPNDs must be calibrated either calorimetrically or #rom fission
product analysis.



2.3 Pressure Contatnment Capabilfty

During an RIA, fuel rod failure can result in fuel fragmentation,
molten fuel and/or molten cladding interaction with the coolant and rapid
pressure pulse generation. The capability of the IPT to contain pressures
generated by an RIA is of paramount importance. -

The Power Burst Facility In-Pile Tube System Design Basis Report
states that the design basis peak source pressure was 51,7 MPa (7500 psia).
This value resulted from an engineering judgment based upon the review
of peak pressures observed in a variety of integral core destructive tests
and Capsule Driver Core Tests.

However, all of the tests reviewed had initial ambient temperature
and pressure conditions with a free surface boundary near the pressure
source region. Differences between the tests reviewed and the configuration
and initial conditions applicable to RIA tests in the PBF IPT were not
considered in the Design Basis Report.

An analysis by ITI, Inc., performed under contract with EG&G, considers
the effects of an RIA in PBF and reaches conclusions that have serious
implications, 1f the analysis 1is va11d[2]. The worst RIA case analyzed
by ITI was a 25 rod cluster of BWR-6 type rods with an average energy ..
deposition of 1090 J/g (260 cal/g). For this case the peak pressure was
calculated to be 262 MPa (38000 psi). A pressure of 200 MPa (30000 psi)
was calculated at 0.5 msec after failure, Application of a dynamic factor
(calculated to be 1.6 to 2.0) results in an in-pile tube stress well beyond
yleld point. ‘

Even with a single rod RIA test at 1090 J/g (260 cal/g) energy deposition,
a source pressure of ~48 MPa (7000 psi) was calculated, When a dynamic
factor 1s applied to this pressure, the IPT stress would exceed the 2%
yleld design 1imit imposed by Section III of the ASME Boiler and Pressure
Vessel Code. ' ‘



The results of the RIA Scoping Test will be used to evaluate the validity
of these calculations,

3. RIA SCOPING TEST REQUIREMENTS

3.1 Fuel Rod Specifications

Table I 11sts the five fuel rods to be used in the RIA Scoping Test,
the expected power calibration operation, the desired energy deposition,
and the expected reactor period. The test requirements associated with
‘each rod are as follows:

Rod One

The purpose of testing this rod 1is to determine the fuel failure
threshold energy deposition for fresh fuel 1n a simulated power reactor
environment. Since time, cost and materfial constraints preclude the
use of a large number of rods to produce a statistically based quantity,
a single fuel rod will be subjected to a number of power transients

of increasing severity. The energy deposition in the rod will be
increased in units of 25 cal/g starting from 150 cal/g until failure
occurs. This number can then aid in determining 1f correlations for
fuel failure from SPERT and NSRR data can be applied to rods operating
at hot-startup conditions.

A catorimetric power calibration will be performed to gain experience
and aid in evaluating the relfability of using this technique for
determining test rod energy deposition in an RIA test.

Pressure pulses generated by fuel failure in this phase should be
relatively low and representative of those generated by brittle rupture
of the clad, and clad melting.



Rod Two

A fresh fuel rod will be subjected to a power transient resulting
in an energy deposition slightly less than the fuel failure value
determined using Rod 1.

Rod Three

A fresh fuel rod will be subjected to the power transient which resuited
in failure of Rod one. Since Rods two and three are unirradiated

with no preconditfoning or power calibration operation, posttest fission
product analysis will be used to evaluate the energy deposition, and
comparisons can be made with the calorimetric results from Rod one.

Rod Four

A very large energy deposition (475 cal/g) in the fuel should result

in a fuel failure mode characterized by cladding rupture and fuel
fragmentatforn. This energy deposition should produce pressure generation
information characteristic of this type of fuel failure.

Severe fuel fragmentatfon should result, and a good experimental
evaluation of pressure pulses generated in the IPT during an RIA
event should be possible.

Calorimetric power measurement calibration methods are necessary
here since destruction of the fuel rod will probably preclude posttest
fissicn product analysis.

Rod Five

A fresh fuel rod will be subjected to a power transient resulting
in an energy deposition of 600 cal/g 1n the fuel rod. This test
shou1d result in more severe fuel failure consequences than for rod
four, although the failure mode will probably be the same.



A calorimetric power calibration is also required for rod five because
failure may preclude posttest fission product analysis.

The five fuel rods for the RIA Scoping Test are designated as 800-1,
800-2, 800-3, 800-4, and 800-5, respectively. The nomfnal design character-
istics of these rods are given in Table II. The required pretest fuel
rod characterization measurements are 1isted in Table III. The fuel
pellets for Rods 800-1, 800-2, and 800-3 will be ground down to fit in
available PWR 17x17 cladding and the pellets 1n Rods 800-2 and 800-3 should
be highly characterized according to Table III.

3.2 Flow Shroud Specifications

A separate flow shroud for each rod should be fabricated from ZIr-4
material and have a nominal inner diameter of 16.30 mm and an outer diameter
of 22.6 mm, The as-built dimensions of the shroud should be measured
at each end. Centering screws should not be installed in the flow shroud.
Fuel particle catch screens should be installed at the inlet and outlet
of the flow shrouds for Rods 4 and 5. The screens should have a mesh
spacing of about 0.05 mm. |

A flux wire (0.51% cobalt for rods 1, 4, and 5, and 100% cobalt for
rods 2 and 3) enclosed in a small Zr tube should be attached to the outer
wall of each flow shroud. The as~-built ax{ial and angular location of
the flux wire holders and consequent position of the flux wires should
be measured for each shroud. The flux wire should extend over the active
fuel Tength of the rod. The required azimuthal orientation of the wire
is Tisted in Table IV. A new flux wire will be required for each rod.

3.3 Test Assembly Specification

The PBF-TFBP single rod test train assembly (drawing No. 406259)
or its equivalent {s acceptable for the RIA Scoping Test.



4, INSTRUMENTATION SPECIFICATIONS

The instrumentation in this test is directed towards pressure pulse
measurement, calorimetric measurement of the test rod power, and evaluation
of the fuel rod instrumentation to e used in the Series 1 RIA tests.

No instrumentation is required for the Scoping Test fuel rods. Table
III summarizes the pressure pulse and rod power measurement requirements
for the RIA Scoping Test.

Four experiments have recently been performed in the TREAT reactor
to determine the response of various instruments to a radiation burst[3].
Both Kaman and strain bridge pressure sensors were tested. A strain
bridge pressure sensor with DC excitation was also tested. The results

of these tests indicated that:

1. A Kaman pressure sensor located in the core region
probably will not work. (The sensitivity of the Kaman
sensors was much too high, so the TREAT results are
not conclusive.)

2. A strain bridgé pressure sensor located in the core
region will definitely not work.

3. A strain bridge pressure sensor located above the
core and excited with DC current will probably work.

Based on these results, 1t is not clear whether the Kaman pressure sensors
planned for use on the Series 1 rods will measure rod internal pressure
during and shortly after a burst. Therefore, one Kaman and one DC excited
strain post type sensor should be installed on the Scoping Test hardware

at the expected axfal location of use in the Series 1 tests. These sensors
should be pressure and temperature fsolated (i.e., see a constant pressure,
adfabatic environment) and monitored during the various Scoping Test bursts.
It would also be desirable to include one LVDT which is also {solated

from the environment and monitored during the bursts.



5. REACTOR OPERATION

The estimated range of reactor transient periods required for the
RIA Scoping Test will be determined from Lead Rod Test Series data. Precise
spec1f1cat1ohs will be suppiied 1n the Experiment Operating Specification
(EOS) document.

A calorimetric power calibration will be required for rods 1, 4,
and 5 of the test. Rod 1 will be subjected to a series of reactor transients
starting at 150 cal/g and proceeding in 25 cal/g increments until rod
failure. The Rod 1 transients will be preceded by 8 hours of steady-state
operation at a test rod power of 50 kW/m (15 kW/ft) for fission product
inventory buildup. External detection of fission products will indicate
fuel rod faflure. Each of the remaining rods will be subjected to only
one power burst as specified in Table I. Rods 2 and 3 should be subjected
to an absolute minimum of steady-state operation prior to the burst.

A fresh 100% cobalt wire should be inserted in the core region just
prior to each power burst conducted in the five phases of the test. Steady-
state reactor operation after the core flux wire is installed should be
kept to a minimum. The reactor power level used to determine control
rod position for criticality should be less than 1 kW, The transient
power burst should be conducted at BWR hot-startup conditions, (7.24 MPa,
552 K, and 490 kg/s.m2 mass flux or 86 cm3/s flow through the flow shroud).
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TABLE II
RIA SCOPING TEST FUEL ROD DESIGN CHARACTERISTICS

Characteristic Rods 800-1, 2, 3(1) Rods 800-4, 5'2)
Fuel
Material U0, ; uo
Pellet OD 8.23 mm = 0,0127 mm 9.% mm
Pellet length 15.2 mm 15.49 mm
Pellet Enrichment 5.8% 20%
Density 92% TD 93%
Fuel Stack Length 0.914 m 0.914 m
End Configuration dished flat
Burnup 0 0
Cladding
Material Ir-4 ir-4
Tube 0D 9.70 mm 10.73 mm
Tube Wall Thickness 0.64 mm 0.61 mm
Yield Strength 570 MPa
Ultimate Strength 700 MPa
Fuel Rod
Overall Length 1.0 m 1.0m
Filler Gas Heldium Helium
Initial Gas Pressure 0.103 MPa 3.79 MPa

(1) Fuel pellets are 5.8% enriched manufactured by Batelle. Original
diameter was 8.59 mm and were ground down to to be compatible
with the cladding dimensions. Cladding material is PWR (17 x 17).

(2) These are Power Cooling Mismatch (PCM) test fuel rods.
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