IDO -16687

MASTER

QUARTERLY TECHNICAL REPORT
SPERT PROJECT
October, November, December, 1960

F. Schroeder, Ed.

e e ~ PHILLIPS
| ~ PETROLEUM
COMPANY
s 0

PHILLIPS

)

!

NATIONAL REACTOR TESTING STATION
e ~ US ATOMIC ENERGY COMMISSION




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



PRICE $ .50

Available from the
Office of Technical Services
U. S. Department of Commerce
Washington 25, D. C.

LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, mcthod, or process disclosed in this report may not infringe privately
owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use
of any information, apparatus, method, or process disclosed in this report.

As used in the above, “person acting on behalf of the Commission’ includes any employee or
contractor of the Commission, or employee of such contractor, to the extent that such employee
or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.

Printed in USA




et et

)N

IDO-16687

S===== AEC Research and Development Report
EsEEr] Reactor Technology
igS =t TID-4500 (16th Ed. )
mSNeeTets Issued: Junel, 1961
==
SRR
R

7
i

Sif

R

SPECIAL POWER EXCURSION REACTOR TESTS

QUARTERLY TECHNICAL REPORT
SPERT PROJECT
OCTOBER, NOVEMBER, DECEMBER, 1960

-J. R. Huffman
Assistant Manager, Technical

W. E. Nyer
Manager, Reactor Projects Branch

F. Schroeder
Manager, Spert Project

PHILLIPS . ,
PETROLEUM
COMPANY

£

Atomic Energy Division
Contract AT(10-1}-205
Idaho Operations Office

U. S. ATOMIC ENERGY COMMISSION



Previous Quarterly Reports

Quarter

W

W

w N =

Spert Project

1957

=
Ju
\C

ii

Report No.

TD0-16416
IDO-16437

IDO-16452
IDO-16489-
IDO-16512
IDO~16537

. ID0-16539

TNO-16584
IDO-16606
TDO-16616

IDO-1661T7
ID0=-1AALD
IDO-1667T7



IT.

ITT.

VI.

SUMMARY .

"SPERT I .

A.
B'

Rod
SPERT IT
A.
c.

SPERT III

A. The Effect of System Pressure on Room Temperature
Power Excursions . . . . .

B. The Effect of Forced Coolant Flow on Room Tempera-
"ture Power Excursions . . .

Fuel Assembly Damage

C.

ENGINEERING

A.

Assemblies

REFERENCES

MEchanlsm Studies
" Power Excursion Tests of a Low Enrlchment U02 Fuel

TABLE OF CONTENTS

.

Measurement of £/Beff
B. Measurement of Neutron Flux Distribution
Measurement of Void Coefficient . .

iii

. Flow Distribution Measurements for Type-C Fuel

Page No.

O O=IuU1 W W W W

14
16

18
18
19



LIST OF FIGURES

Figure No. Title Page No.
1 Spert II BD-22/24 Core Configuration . . . . . . 5
2 A kp/Bers Vs A kp/4 for Spert II BD-22/2L Core T
3 Spert II Horizontal Flux Profile . . + v & o« « . T
4 Spert II Horizontal Flux Profile within a Fuel

Assembly « ¢ 4 o o o o . . o s e e e e 8
5 Void Coefficient of Reactivity as a Function of
Core Position for Spert IT BD-22/2Lk Core . . . 8
6 o(ty) and E(tp) vs System Pressure for 18-msec
TeSTS ¢ o o o ¢ o o o o o o o o o o o o o« o« o 10
T Maximum Fuel Plate Surface Temperature vs System
Pressure for 18-msec TestS .+ o « « « « o o « « o 11
8 e(ty) and E(ty) vs System Pressure for 1ll-msec
) Tests « ¢ « o & e s et s e 6 s o e o« o o 11
9 Maximum Fuel Plate Surface Temperature vs System
Pressure for 1ll-msec TeStS .« & o o o o o o o o & 12
10 Reactor Power and Fuel Plate Surface Temperabure

for Tests at Atmospheric Pressure and at 2500 psi
(Period ~ 11 mSeC) « o « o v o o o o o & o o o . 13

11 ©  Reactor Power and Fuel Plate Surface Temperature
for Tests at 1900 psi and at 2500 psi
(Period ~ 11 mseC) + « o o « &+ o o o« o s o o o . 13

12 G(tm) vs Reciprocal Perlod for Various Coolant
 Flow Rates .« o ¢ o & ¢ v 0o v v 00 a e . 15
13 Reactour Puwer and Tuel Tlatc Surface Temperature

for Tests at 18 ft/sec, 2500 psi and at No-Flow,
Atmospheric Pressure (Period ~ 9.7 msec) . . . . 16

1k Channel Flow Distribution for Type-C Fuel
AiSf:‘mbly---...yg--........‘.. 18

iv



I. SUMMARY

SPERT I -~ The current series of tests for the investigation of reac-
tivity~compensating mechanisms in plate-type, highly enriched reactors
has now been completed. During this quarter, tests were conducted in
the in-pile test cell with a set of aluminum-clad fuel plates which
were coated with insulating plastic in order to investigate changes
in transient béiling due to the presence of the thin layer of plastic
adjacent to the fuel plate surface. Tests were also performed with
aluminum-clad fuel plates having a 60% greater fuel density (0.061 g
U235/cm2) than previously tested plates. In both series of tests,
motion pictures of transient bubble formation were obtained in addi-
tion to the measurements of moderator displacement, fuel plate sur-
face temperatures and transient pressures. Reduction and analysis

of data obtained from these tests and from previous capsule tests

are in progress.

As a preliminary part of the forthcoming kinetic experiments with
a low-enrichment oxide core in Spert I, in-pile tests have been per-
formed to investigate the possibility of damage to the long thermal-
time-constant fuel rods when subjected to short-period power excur-
sions, and also to test the effectiveness of an instrumentation
technique for measurement of UO, fuel temperatures within the rod.
A fuel rod, instrumented with ten pairs of internal and cladding-
surface thermocouples, ruptured during the exponentially rising
portion of an 8.2 msec~period excursion. Subsequent tests of a fuel
rod with no cladding penetrations produced no discernible damage or
distortions of the rod for periods as short as 7.2 msec. These tests
support the postulation that the rupture of the first rod was related:
to the cladding penetrations made for installation of the internal
thermocouples.

SPERT II - A knowledge of the effective dynamic value of the ratio of
prompt neutron lifetime, £, to the effective delayed neutron fraction,
Beff, 1s required for analysis of the short-period transient behavior
of reactors. As a part of a continuing program of comparing the
measurements of 4/Berf by various static techniques with measurements
based on short-period power excursion data, E/Beff has been determined
for a DpO-moderated core in Spert II by analysis of the statistical
behavior of the neutron population in the suberitical system. A
value of 0.11 sec was obtained for an expanded configuration of fuel
assemblies in Dp0O. This value will be compared with that which will
be obtained from the power-excursion tests with this core.

Measurements have also been made of the neutron flux and the void
coefficient of reactivity as functions of position in this core. These
measurements will be of value in the analysis of the forthcoming kinetic
tests.

SPERT III ~ Additional data have now been reduced from the previously
reported investigations of the effects of system pressure and coolant
flow rate on room temperature power excursions in Spert III. Previously



reported results are briefly reviewed in this report and additional
data are presented. For 10 msec~period excursions at 2500 psi system
pressure, the power maximum is about 30% higher than is observed at
atmospheric pressure. The fuel plate surface temperature traces for
this test show indication of the rapid decrease in heat transfer rates
after the plate surface reaches the critical point for water. The
addition of 18 ft/sec coolant flow velocity for similar short-period
excursions produces essentially no change in the peak power or tempera-
tures reached, but the temperature behavior indicates that good heat
transfer is maintained in the region of the critical point for the
flow tests. Detailed examination and correlation of these test data
are continuing.

Rippling and bowing of the stainless~steel-clad Spert III fuel
plates has been observed following short-period power excursion tests.
In some cases the combined bowing and rlppling, which is attributed
to the large thermal gradients present in the plates during the excur-
sions, 1s sufficient to close more than half the width of the normal
water channels. Blisters have also been observed on the outside fuel
plates of three fuel assemblies. Preliminary metallurgical examina-
tion of the blistered plates has revéaled the presence of a few inter-
granular cracks, but none of these appears to have penetrated the
cladding and they may have been formed as a consequence of the blister-
ing. The cause of the blistering has not yet been determined, although
there appears to be some- correlation between fuel segregation at the
fuel-clad interface and the location of the blisters.

ENGINEERING -~ Channel flow distributions have been obtained for a
Spert III fuel assembly in the ETR hydraulic test facility. For a
total assembly flow rate of 400 gpm, corresponding to a total reactor
flow of 20,000 gpm in Spert III, the standard deviation from the mean
for channel flow rates is 2.1%, and the maximum deviation from the
mean is 19.6%.



IT. SPERT I

A. Mechanism Studies

The experimental in-pile capsule program(l) for the study of the
kinetics of water moderator expulsion from the regions surrounding fuel
plates during the course of a power excursion, has been completed with
tests conducted on two additional sets of capsule fuel plates.

The first of these additional sets of plates was similar to t?e
initial set of seven aluminum-clad fuel plates used in the capsule l).

In addition, the entire surface area of the fuel plates was covered with

a thin coating of insulating plastic. The plastic used was lithcote,
LC-34, having a diffusivity approximately 30% less than that of water

and, consequently, an insulating property somewhat better than that of
water. The thickness of the coating was approximately a few thousandths
of an inch thick. The purpose of these insulated fuel plate tests was

to investigate changes in transient boiling effected by the replacement

of the few-mil-thick layer of water adjacent to the fuel plate surface

(in which region large temperature gradients are developed) by a non-
boiling plastic having heat conduction properties not very different

from that of water. Five power excursion tests were performed at O psig
static capsule pressure, with initial reactor periods in the range between
65 and 10 msec. Motion pictures of transient bubble formation were ob-
tained during these tests.

The final capsule fuel loading consisted of a set of three aluminum-
clad fuel plates, similar to those used in the earlier tests except for
a 60% greater fuel density (0.061 g 1235/cm®). Three groups of power
excursions were performed at reactor periods of approximately 19, 14
and 9 msec. Within each group of tests the capsule static pressure was
varied from O psig to a maximum of about 2400 psig. Motion pictures of
transient boiling were obtained in addition to the measurements of piston
displacement and velocity, fuel plate surface temperature, and transient
pressure in the capsule. Reduction and analysis of the data obtained
from these tests and from the previous capsule tests is in progress.

B. Power Excursion Tests of a Low Enrichment UOp Fuel Rod

As & preliminary part of the forthcoming experimenta% Srogram on a
Spert I oxide core comprised of h%—enriched UO0> fuel rods e , in-pile
power excursion tests of two such rods were conducted at Spert I using
the highly enriched, water-moderated, plate-type P-core as a neutron
source. These tests were performed to obtain experimental data relating
to (a) the likelihood of cladding damage when such long thermal-time-
constant fuel rods are subjected to the short-period power excursions
planned for the oxide core experimental program, and (b) the effective-
ness of the instrumentation technique used for measuring the UOp fuel
temperature within the rod.

The fuel rod used in thesé experiments is a welded-seam stainless-
steel tube (6 ft long, 0.500 in. OD and 0.028 in. wall thickness) con-
taining 1600 g of 4%-enriched UOp powder compressed to an effective



density of 9.45 g/cm3. During the course of a power excursion, the rela-
tively low heat transfer properties of this fuel rod may be expected to
give rise to large temperature gradients and cladding stresses, leading
to the possibility that the cladding may fail if the power transient is

- sufficiently severe. In addition, the probability of cladding failure
may be expected to be further enhanced if penetrations of the cladding
are made for the installation of thermocouples for monitoring the internal
temperature of the fuel rod. The fuel rod tests that were performed con-
sisted of a series of power excursions on a fuel rod instrumented with
internal thermocouples and of a similar series on a fuel rod containing
no internal thermocouples.

The fuel rod in the first test series was instrumented with ten
pairs of internal and cladding-surface thermocouples, spaced one inch
apart along the length of the fuel rod. The thermocouples used were
5 mil chromel-alumel. The internal thermocouples were inserted in
holes drilled diametrically through the fuel rod, with the junctions at
the center of the fuel. The holes in the steel cladding were covered
with a water-proofing epoxy. The fuel rod was placed in an open-top,
water-filled aluminum container in a centrally located flux trap of:
the P-core, created by removing one of the P-core fuel assemblies.

The internally instrumented fuel rod was subjected to a series of ten
self-limiting power excursions in which the reactor period was varied
from 30 sec to 8.2 msec.

During the exponentially rising portion of the 8.2 msec excursion,
a 12-in. split in the stainless steel cladding occurred along the length
of the fuel rod, approximately following the line of holes previously
drilled through the rod for the installation of thermocouples. In this
test, the maximum power density (= 50 kw/cm3) obtained in the. fuel rod
and the maximum temperature gradient (=~ SSOOC/cm) between the center of
fuel rod and cladding surface were greater than for any of the previous
tests. As a result of the cladding rupture, approximately T00 g of the
U0y powder was dispersed throughout the reactor vessel waler.

Yollowing decontamination of the reactor vessel, a series of twelve
self-limiting power excursions was run on a fuel rod with intact cladding.
In this series the reactor period varied from 57 to about 7.2 msec. No
discernible damage or distortion to the fuel rod occurred as a result
of these transients, supporting the postulation that rupture of the first
fuel rod was related to the cladding penetrations made for installation
o the internal thermocduplies. It appcars possible that fallure vl Lhe
water-proofing epoxy seals, perhaps as a result of radiation damage,
permitted water seepage into the fuel, resulting in a steam explosion
during the powcr cxcurocion.

The results of these limited tests suggest that for reactor power
excursions with periods as short as T msec the probability of fuel rod
rupture is small for fuel rods with intact cladding, but that fuel rod
rupture may be likely for a rod with cladding penetrations of the type
tested which is left immersed in water following a power excursion.
Pending further analysis of the data, no recommendations can be made
regarding the application of internally instrumented fuel rods in the
Spert I oxide core tests.



IIT. SPERT II

A. 'Measurement of £/Beff

A knowledge of the effective value under transient conditions of
the ratio of prompt neutron lifetime £, to the effective delayed neutron
fraction Beff, is required for prediction of the short-period kinetic
behavior of a reactor. This quantity can be obtained directly for the
Spert reactors from analysis of super=-prompt-critical power excursion
data. Several static methods are frequently used for determination of
ﬂ/Beff and these methods have been found to yield results which are in
good agreement with the dynamic measurement for the light-water-moderated
Spert I reactors(3 . An additional method, based on analysis of the
statistical behavior of the neutron population measured by a counting-
type experiment, has been employed as a part of the static test program
for the Spert II BD-22/24 core in DpO, shown in Fig. 1, so that the
value thus obtained can be compared with the dynamic measurements which
will be obtained as a part of the kinetic experiments. The method
employed utilizes the relationship originally derived by deHoffman(u)
‘which relates the experimentally measured variance-to-mean ratio of .
counts as a function of counting time to system parameters, one of which
is the prompt neutron lifetime. Since this method exploits the theoreti-
cal prediction that the neutron population fluctuations are themselves
an integral property of the system, measurements of fluctuations at a
single point may be utilized to yield integral properties of the system.

The counting apparatus con-
sisted of three BO-lined pulse
chambers located around the
periphery of the core, associ-~-
ated pre-amps, linear amplifiers,
mixer, and a crystal-oscillator-
controlled gated scaler. The
frequency response of the system
was approximately 100 kc which
was more than adequate since the
highest count rates observed were
less than 2 kc per channel. The
noise level in the measuring sys-
tem was low enough to have no
effect on the experimental data. .
This was checked by observing
that a random, or Poisson,
counting distribution was ob-
tained from a Ra~Be source for
several gate times.

@) CONTROL RODS .
V/ FUEL ASSEMBLIES The measurement technique
§1-1989 consisted of counting the number
. of neutrons detected during a
Fig. 1 - Spert II BD-22/2H fixed counting or gate time.
' Core Configuration This was repeated for many gates



and the number of counts obtained at the fixed gate time was anhalyzed

for the ratio of variance-to-mean. Data on the behavior of the variance-
to-mean ratio as a function of gate time was obtained by repeating the
measurements for gate times, ranging from 0.00L to 1.000 sec. The

effect of gate time was studied at five subcritical reactivities,

varying from approximately 0.99 to 0.999. The experimental data were
correlated in terms of the theory in order to evaluate z/seff.

The variance-to-mean ratios obtained rgm the experimental data
were fitted with the theoretical relation:{>

T o -aT
Ve E kp Voo~V 1-e
=1+ » - 1 - (1)
M (A kp) v aT
where:

VUT 2 - T2

—— = varlance-to-mean ratio of ¢ =

Me ‘ c
¢ = counts per gate time
E = detector efficiency

kp = prompt neutron reproduction factor

>
=

1 - ky

v = aVerage number of neutrons emliled per Llssion in
U235 = 247
ve = dispersion in the number of neutrons emitted per

fisston in 1235 = 7,32 -

a = %EL

£ = mean prompt neutron lifetime
T = gate time
and the bar indicates .mean value.

This equation may be written in the form
T

Ve

Me

W =

-1 = ZX(a,T). : - (2)

The constant Z is a combination of the fixed variables (constants) and
X is a function of gate time and "a". A nonlinear least-squares fit
for Z and "a" was then made using an IBM=-650 program. The values of
kp were calculated from rod worth data taken prior to the experiment.

6
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Having obtained values of "a
for each multiplication, a least-
squares fit of "a" = A kp/ﬂ'vs
A kp/Berr gives a straight line
through the origin with slope
£/Beff, as shown in Fig. 2. The
value of £/Berf thus determined
is 0.11 sec, for the Spert II
BD-22/24 expanded DoO core. Analy-
sis of the short-period power excur-
tion data to be obtained for this
core will yield a dynamic measure-
ment of £/Beff which can be com-

- pared with the above value.

B. Measurement of Neutron Flux
Distribution

- In order to provide information
for future use in the analysis of
kinetic experiments, the thermal
neutron flux distribution has been
measured in the DoO-moderated BD-
22/2k core shown in Fig. 1. The
flux map was obtained for one quad-
rant of the core by the activation
of 250 gold foils. Fig. 3 shows
the relative neutron flux profile
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Fig. 3 - Spert II Horizontal Flux Profile



for a horizontal traverse through one row of fuel assemblies, as indi-
cated in the figure. As would be expected, substantial flux peaking
occurs in the water gaps between the fuel assemblies of this core con-
figuration. A detailed plot of the flux distribution within a fuel
assembly is shown in Fig. k.

cC. Measurement of Void Coefficient

Analysis of the self-limiting power excursion data to be obtained
for the DpO-moderated Spert IT BD—22/2h core, shown in Fig. 1, will
require some knowledge of the local importance of steam voids. Pre-
liminary measurements have recently been made of the reactivity worth
of voids within fuel assemblies in this core. One fuel assembly was
divided into three gas-tight sections of equal volumes. Each section
included the full vertical height of the assembly. Using helium gas to
similate voids, the reactivity worths of voiding the central third of the
assembly, the outer two-thirds, and the complete assembly were determined
‘for each lattice position of one quadrant of the core. The reactivity
changes were determined by period measurements. -The results of these
measurements are indicated in Fig. 5. Within the limits of experimental
error, the values obtained from the fully voided assembly agree with the
average void worth for the partially voided assembly.
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Iv. SPERT TII

A. The Effect of System Pressure on Room Temperature Power Excursions

One of the conclusions which has been drawn from previous experi-
mental investigations in Spert I for water-moderated, highly enriched
systems operating at atmospheric pressure is that, for short-period
power excursions, Lhe formation of steam voids is an important con-
tributor to the reactivity compensation which limits the power burst.
An increase in the system operating pressure will delay or suppress
entirely the onset of moderator boiling during the initial power burst
for an excursion initiated at room temperature. Investigations of the
effects of system pressure on room temperature power excursions in
Spert III have been reported in a previous quarterly report(6). Since
an additional test series has recently been performed and the prelimi-
nary data have been somewhat refined, a brief review of the effect of
system pressure can be presented.

The tests which have been performed investigated the response of
the reactor to step-wise insertions of reactivity from an initial
power level of about 10 w, at room temperature (~ 30°C), with no
forced coolant flow, for a range of initial asymptotic periods from
10 sec to 11 msec. The initial system pressure was varied from O to
2500 psig. The tests discussed here were performed with the primary
coolant system liquid-full.

For power excursions with initial asymptotic periods longer than
about 40 msec, where boiling does not occur prior to the power maximum
at atmospheric pressure, elevation of the system pressure has no effect
on the power burst behavior, as would be expected. For shorter period
tests, the effect of elevated system pressure was to increase the maxi-
mum power of the burst by about 30% with most of the change occurring
in the first 50 psi of pressure increase. The time of occurrence of
the power peak was slightly delayed and the burst was slightly broad-
ened.

Fig. 6 shows some of the data for tests with initial asymptotic
periods of about 18 msec, corresponding to a reactivity step of about
$1.12. The temperature of the hottest measured fuel plate surfaces at
the time of the power maximum, o(tm), is plotted as a function of the
system pressure. Data are shown from the two different test series
which were performed using different sets of fuel assembly thermo-
couples. The saturation temperature is also shown as a function of
pressure. It is seen that ©(ty) increases by about 20% with the first
100 psi pressure incregse but that, for pressures above 200 psia, e(tm)
is less than the saturation temperature and is approximately constant
with further pressure increase. The rise of temperature to about
200°C is apparently sufficient to limit the excursion by nonboiling
expansion, and increasing the pressure further does not increase
either the peak power or the temperature at the time of peak power.
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The nuclear energy release at the time of the power maximum, E(tp),
is also shown as a function of system pressure in Fig. 6, for the
first series of data.

Fig. 7 shows the peak temperature reached by the hottest measured
fuel plate surtace tor the test series with approximately 18 msec
initial periods. For system pressures above 2UVU psi it appears that
boiling does not take place at any time during the test, even after
the power rise has been halted.

Flg. O shows Lle 8(ly) dala fur eacursivis with pericds of about
11 msec, corresponding to reactivity insertions of' about $L.25. Yor
these shorter period tests, the fuel plate surfaces do reach saturation
temperature at the time of the power maximum until the system pressure ‘
exceeds about 2000 psia, but boiling does not occur before the power
peak at a pressure of 2500 psi. As for the longer period tests, the
largest change in peak power and hence in the energy release B(tm)
occurs in the first 100 psi pressure increase. The energy released
up to the time of power peak is approximately 18 Mw-sec for pressures
above 200 psi.

“The maximum measured fuel plate surface temperatures for the ll-msec
tests are shown in Fig. 9. Although the maximum temperature increases
more slowly with pressure than does the saturation temperature, €psy is
still above boiling at 2000 psi. The rapid increase in the maximum
temperatures reached for pressures agbove 2000 psi is reproducible and

10
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is almost certainly associated with the rapidly decreasing heat transfer
rates as the water immediately adjacent to the plate surface approaches
the critical temperature.

In Fig. 10, the power and fuel plate surface temperature data are
shown as functions of time during two ll-msec tests, one at atmospheric
pressure and the other at 2500 psi. The 2500 psi test reaches a power
maximum of about 930 Mw, about 30% higher than the atmospheric peak.
The time of peak is delayed about 10 msec and the burst is noticeably
broader for the high pressure test. The atmospheric pressure test
displays a more rapid power drop following the pcak end the power
recovers rapidly toward an equilibrium power, whereas for the high-
pressure test, the power continues to decrease throughout the post-
burst region of the test.

The plate surface ltemperature for the 2500 psi test shows further
indication of the poor heat transfer after the temperature reaches the
critical point. The plate surface remains substantially above the
354°C saturation temperature for a relatively long time after the power
level has decreased by a factor of one hundred, whereas for the atmos-
pheric pressure test, the temperature drops below saturation soon after
the heat source is removed. That this change in behavior is sudden,
and associated with the high temperatures reached, is illustrated more
clearly in Fig. 11, where the same 2500 psi test is compared with a
1900 psi test on a more expanded time scale. In this figure the plate
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surface temperature rise has been plotted on a logarithmic scale in
order to facilitate shape comparisons. The temperature for the
1900 psi test peaks sharply soon after saturation temperature is
reached and the plate surface remains above boiling temperature for
only about 85 msec. For the 2500 psi test, on the other hand, the
plate surface temperature trace has a broad top and remains above
saturation for about 400 msec, even though the power has dropped to
the same or lower level. ‘

The results of the Spert IIT tests have shown that as the system
pressure is raised the delay and eventual suppression of boiling
results in an increase in the temperature rise of the fuel plates,
with a consequent increase in the reactivity compensation arising
from water and fuel-plate expansion, and with only small changes in
the power burst behavior. For room-temperature power excursions at
2500 psi with initial asymptotic periods of about 11 msec, boiling is
suppressed until atfter peak power, but the energy release is increased
only about a factor of two as compared with atmospheric pressure tests.
Detailed calculations are presently being made of the reactivity
compensation arising -from fuel-plate and water expansion based on
measured temperatures, the power history, and the measured reactivity
coefficients. The results of these calculations will be compared
with the reactivity compensation at the time of the power maxinum
obtained by analysis of the power burst shape.

Additional data on the transient pressures developed in these
tests are still being reduced and correlated.

B. The Effect of Forced Coolant Flow on Room-Temperature Power
Excursions

The preesence of forced coolant flow during a power excursion will,
by its effect on heat transfer properties, influence the partition of
energy between the fuel plates and the moderator and will also, by
increasing the rate of energy removal from the core region, decrease
the effective power coefficient of reactivity. Preliminary data have
previously been reported(7) from tests performed in Spert III to
determine the effect of coolant flow on power excursion behavior.

Some additional data are now available and can be reported, although
the correlation and analysis are still in a preliminary stage.

The tests were performed for a range of water velocities from O
to L8 f't/sec in the reactor core and tor initial asymptotic reactor
periods from 500 msec to 10 msec. All of the tests were initiated
at room temperature (~30°C) from a power level of about 10 w. The
system pressure was 230 psi for all tests that will be discussed
here, except as specifically noted.

As previously reported,(7) the addition of flow velocities as
high as 18 ft/sec does not produce significant changes in the initial
power burst for excursions with periods shorter than about 50 msec,
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whereas for longer period tests,
the flow velocities are sufficient
to eliminate the occurrence of an
initial power peak. In both cases
the equilibrium power level follow-
ing the burst is approximately pro-
portional to the flow rate, as
would be expected. In no case was
the test allowed to run long enough
for the cooling water to make a
complete cycle through the heat
exchangers and back to the core,

so that for these tests the quasi-
equilibrium power reached is inde-
pendent of the heat removal capacity
of the heat exchanger.

Fig. 12 shows the temperature
reached by the hottest measured
fuel plate surface (outside plate
of a central fuel assembly) at the
time of the power maximum, 6(tp),
as a function of the initial
reciprocal period for various
flow rates. ©(ty) is approxi-
mately constant for periods

longer than about 100 msec and increases approximately linearly with

reciprocal period for shorter periods. The increased flow rates result
in decreased temperatures as would be expected. In the short-period
tests, ©(tp) increases at about the same rate for all flow rates toward
a maximum of about 230°C, which is slightly above saturation temperature
for the system pressure of 230 psi. For periods of about 20 msec, o(tm)
is well below boiling. Increasing the flow rate decreases 6(tm) even
though the peak power remains essentially the same. Since at 18 ft/sec
the coolant moves less than five inches in a time of one 20-msec period,
it is obvious that a study of the change in vertical temperature profiles
is necessary to an understanding of the reactivity compensation for
these tests. Such a study is being made.

One test was performed in which a power excursion with an initial
period of about 9.7 msec was initiated from room temperature with a
system pressure of 2500 psi and a flow rate of 18 ft/sec. In Fig. 13
the power and the fuel plate surface temperature for this test are shown
and compared with similar data for a test at atmospheric pressure with
no forced flow. For the high-pressure, high-flow test a peak power of
about 1000 Mw is reached, followed by a sharp minimum. After a few
damped oscillations the power levels off at about 130 Mw. It is of
interest to note that the maximum fuel plate surface temperature for
this test is approximately the same as for the 11 msec, 2500 psi, no-
flow test shown in Fig. 10 of the preceding section, but in this case
there is a sharp decrease in temperature following the peak, indicating
that the forced coolant flow is sufficient to offset the large decrease
in heat transfer rate near the critical point, although the temperature
maximum is not appreciably reduced.
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. Detailed examination and correlation of the results of these tests
are continuing. 4 -

C. Fuel Assembly Damage

During venting operations following one of the tests investigating
the effect of system pressure on power excursion behavior, 6) unusually
high air activity was observed in the Spert III reactor building. Subse-
quent analysis of the reactor water revealed the presence of low levels
of short-lived fission products. A visual examination of the fuel assem-
blies was made and blisters were observed on the outside fuel plates of
three fuel assemblies. These blisters were located in an area from three
to twelve inches from the bottom of the fuel plates, which corresponds
to the region of maximum neutron flux for the Spert III core when operated
at room temperature. The blistered assemblies had been located in regions
of the core corresponding to substantially different flux levels, and
assemblies in symmetrically located core positions were not blistered,
nor were adjacent plates of the same assemblies.

Rippling of fuel plates was generally observed throughout the core
and was more severe than had been observed subsequent to previous short-
period tests at atmospheric pressure. Dial indicator measurements taken
on the outside plates of several of the assemblies showed that, in
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addition to the rippling, a general bowing of the fuel plates in the
vertical direction had occurred. This bowing was as much as 0,04 inches
in the lower one-third of the fuel plate. DPeak-to-valley measurements
of the ripples showed an average height of about 0.03 inches. The com-
bined bowing and rippling was in some cases sufficient to close up more
than half of the water channel. There was further evidence that at
least one of the plates had bowed and rippled sufficiently to touch the
adjacent control rod guide boxes, thus locally closing off the water
channel. Visual inspection of the inner plates indicated similar
rippling throughout the assemblies.

The rippling and bowing of stainless-steel, enriched UOo-fuel plates
had previously been observed with the Spert I P-core(8:9) and is thought
to be the direct result of high thermal gradients during tests with
periods less than about 20 msec. -

Blisters had also been observed with the P-core. 1In that case, the
results of metallurgical examination suggested that the blistering may
have been due to steam explogions originating at cladding cracks caused
by intergranular corrosion 9). Preliminary metallurgical examination
of the Spert III type "C" blistered plates does reveal the presence of
a limited number of intergranular cracks. None appears to have penetrated
the cladding, however, and the cracks may have been formed as a consequence
of the blistering. The cause of the blistering of the Spert III plates
is at present indeterminate, although there appears to be some correla-
tion between fuel segregation (stringers) at the fuel-clad interface
and the formation of blisters in the high~temperature, high-flux region
of the fuel plates(10).

After removal of the blistered fuel assemblies, power excursion
tests were continued in Spert III to complete the study of pressure and
flow effects at short periods. No further fission product release has
been observed and visual inspection has failed to disclose any additional
blistering.
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V.  ENGINEERING

A. Flow Distribution Measurements for Type-C Assemblies

The chamnel flow distributiom for a Spert III, type-C, 1-S.fuel
assembly has been obtained. The work was done at the ETR hydraulic
test facility using a dummy fuel assembly. The flow distribution was
obtained by inserting two static tubes in each channel. The channel
frictional pressure drop was recorded as a function of assembly flow
and converted to channel' flow by means of the Fanning correlation.
The channel flow distribution is shown in Fig. 14 for various flow
rates. The flow distribution is relatively flat except for the flow
depression of the outside channels. For an average assembly flow of

"400 gpm, which corresponds to a total flow rate of 20,000 gpm in the
Spert III reactor, the percent standard deviation from the mean is
2.1%, and the maximum deviation from the mean is 19.6%.
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Fig. 14 - Channel Flow Distribution for Type-C Fuel Assembly
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