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ABSTRACT

The three papers in this report give detalls of the following
aspects of the Heavy Water Components Test Reactor (HWCTR) ;

1. Concept and performance of the safety systems
that were utlillzed in the reactor,

2. Fuel failure detectlion systems that were used,
and the deslgn concept for a failure location
system that was proved 1n prototype form.

3., Measures that were taken to place the reactor
system in standby condition, for possible future
restart, after the original operating program
was terminated on December 1, 1964,
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GENERAL. INTRODUCTION AND CONTENTS

The Heavy Water Components Test Reactor (HWCTR) was built
at the Savannah River site to test fuel and mechanical components
that possessed potential applicabllity to power reactors on the
basgis of the overall technology that had been developed for the
heavy-water-moderated, liquid-heavy-water-cocled production
reactors at Savannah River, The HWCTR operating program was
terminated on December 1, 1964, as a result of the AEC's decision
to abandon develcpment on the liquid-heavy-water-cooled concept
and undertake a new program based on organic ccolants,

This report incorporates three separate papers that were
prepared to describe separate phases of the HWCTR program. The
papers are separately entitled:

Page
1. Performance of the HWCTR Safety Systems,
by C. Po BOSB., v v v v v 4 4 4 4 2 o 0 & & 1
Presented at the Jackson Hole, Wyomlng, ANS
Topical Meeting in July 1965; & summary was
published in Trans. Am. Nucl. Soc. 8
(supplement) July 1965.
2, An Instrument for Locating Failed Fuel
Elements in the HWCTR,
by V. D. Vandervelde . . . . + « « « « « + . 21
3. Standby Conditioné of the HWCTR,
by L. M. Arnett. . . . . « v v v v v o o . . 33

Presented at the Gatlinburg, Tennessee, ANS
Meeting in June, 1965; & summary was published
in Trans, Am. Nucl. Soc. 8, No. 1, May 1965,
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PERFORMANCE OF THE HWCTR SAFETY SYSTEMS
by

C. P, Ross ?

SUMMARY ©o

Safe operation of the HWCTR depends on control mechanisms
that provide a defense in depth against accidents. These control
mechanisme include basic design requlrements, testing procedures,
administrative requirements, operating procedures, alarm circuilts,
and safety systems. Safety systems are not used for routine
control of the reactor, but must be tested frequently to ensure
reliability. The following safety systems are discussed in this
paper: (1) safety rods, (2) poison injection, (3) pressure
relief, and (4) containment. P
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INTRODUCTION: ROLE OF SAFETY SYSTEMS

Du Pont operated the HWCTR (Heavy Water Components Test
Reactor) from March 1962 to December 1964. The reactor was
operated primarlily to test fuel elements as part of the AEC's
development program on power reactors moderated and coocled by B.O.
It was placed in standby condition when this program was redlrected
toward Dp0-moderated reactors cocled by orgaenic liquids. The HWCTR
is a pressure vesgel reactor designed for 1500 psl and 315°¢,
cocled and moderated by Dp0, and pressurized by hellum (Figure 1).
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FIG. 1 HWCTR FLOW DIAGRAM
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gafe operation of the HWCTR depends on control mechanisms
that provide a defense in depth against accidents that could
injure people or damage equipment,

These control mechanisms start with the baslc concept of the
reactor, and include the following:

e Design for negative power and temperature coef-
ficlents of reactivity.

e Test procedures to demonstrate that each system
and each ltem of equipment is adequate for the
specifled process conditions.

e Mechanical limits on rate and amount of rod
withdrawal and steam valve opening.

e Automatlc alarm and scram circults to Inform the
operator of abnormal condltions and to shut down
the reactor, if necessary.

e Fngineered safeguards to limlt the extent of
inecidents that cannoct be protected against
entirely by safety clrcults, such as large leaks
of coolant or loss of electric power,

e An organizational structure that clearly defines
responsibilities and provides for review of the
operatlon at high levels of responslbillity.

The safety systems described in this report are essential
parts of the overall approach to safe operation, The safety
systems are not relied on to control the resactor during normal
operation, but adequate testlng must establish that they will
act rellably if needed. Figure 2 shows where each of these
safety systems 1s intended to stop the progression of an lIncident
through the various barriers to off-site release of fisslon
products.

The HWCTR was operated under pre-established limits by
tralned operators and supervisors following written procedures.
Abriormal operation was detected by survelllance of indlcating
instruments and by alarm circuits. Written emergency procedures
for each alarm clreult provided step-by-step actlon for identifying
and correcting the abnormality, Thorough analysis and reporting
of all unusual incidents was requlred, and these reports were
audited twice a year for trends that were not evident from analy-
-848 ‘of individual incidents,
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FIG. 2 INCIDENT PROGRESSION AND SAFETY SYSTEMS

Backing up the procedural controls were automatlc safety
circulte designed to scram the reactor by dropping safety rods
before the safety 1limit of any variable was reached. The primary
1imits on reactor operatlon were on the D,0 coolant temperature,
the burnout safet¥ factor of the fuel, and the pressure in the
primary system.(l

A system for injecting a soluble neutron poison was provided
to ensure that the resctor could be scrammed 1f the safety rods

failed to drop.

Other engineered safeguards were provided to ensuire con-
tinued cooling of the fuel to remove decay heat for extended
perlods of time even under the most adverse circumstances, A
pressure relief system ensured lntegrity of the primary system;
an emergency cooling system was provided for the fuel; and backup
power and cocling water supplies gave additional confidence that
decay heat could be removed.

Pinally, a contaimment bullding was provided to minimize
radiation hazards off the site even in the event of a complete
loss of coolant from the primary system followed by destruction
of the core,

The followlng sections provide information that might be
useful to other designers or operators, These sections describe
the deslgn features, testing procedures, and pogsible areas of
concern for these safety systems: safety rods, polson inJjection,
pressure relief, and containment.
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SAFETY RODS

Automatic protection against exceeding safety limits was
provided by safety clrcults that scrammed the reactor by disen-
gaging the electromagnetlc c¢clutches of slx safety rods. The set
point of each circult wae checked prior to each startup. Written
bypase rules stated the condltions required prior to bypassing
any clrcuit, a time 1limit on the bypass, and the backup automatic
protection and survelllance requlred while the c¢ilrcuit wes bypassed.
The rods dropped by gravity into gulde tubes that were reduced in
diameter over the lower three feet to snub the rods hydraullesally,
as shown in PFlgure 3.

L
o o
sﬁ%ﬁa—{ [N } '
S (TS
Stainless ;
Steel

Fitting

1.455" OD

Location of
Circumferential
Break in Tube _

1=4"

Zircaloy~2 Tubing—~{ i

Stainless Steel
Fitting

Bottom Thermal

Shield 5 : ‘
?”4_\ —
( L
P

FIG. 3 HWCTR SAFETY ROD GUIDE TUBE
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The mechanical and electrical performance cof the safety rod
drive system, use of 17-% PH stalnless steel parts, and measure-
ment of drop times were dlscussed in detall by Klger and Kale.(a’s’
Drop times were measured before each startup to ensure that all
rode would te 90% inserted in <1.5 seconds after a scram signal.
The reactivity was required to decrease by 6% (AK/K).pp two seconds
after a scram. The reactlvity worth of the safety rods was re-
quired to be at least 1% (AK/K) ep greater than the reactivity
neld in temperature coefficlents. The safety rods plus one of
the 12 control rods could overrlide both temperature and xenon decay,
and hence could keep the reactor subcritical under all conditlons.

One safety rod problem with serious potentlal was the fallure
of four of the six Zircaloy-2 guide tubes after nearly three years
of service. The failures consisted of longitudinal splits starting
at the transition to the reduced diameter portions of the tubes
(Figure 4). Splitting was caused by a comblnation of high residual
stresg in the necked down area and Tatlgue due to cumulatlve
tensile stress pulses when hydraullc snubblng occurred. 4 The
failures were detected when safety rods dropped into the core too
rapidly during routine drop tests with the reactor shut down.

Thege unexpected discoveries during tests to find possible slow
drop times emphasized the need to be able to test every safety

Diameter
Reduction
From 1.375" ID
To L.31I0" ID

Circumferential
Break

Longitudinal
Cracks

Materiagl: Zircaloy—2, drown and onnealed

FIG. 4 FRACTURES IN SAFETY ROD GUIDE TUBE
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system at regular intervals to find unforeseen difficultles. The
photograph in Figure 4 shows that it might have been possible for
a safety rod to drop onto the cracked bottom sectlon, and hence
not fully into the core, if the fallures had not been discovered
durling the required drop tests. Replacement guide tubes were
ordered, with a longer transition section (1 inch, rather than
1/4 ineh) leading to the hydraullc snubbing section, to reduce
the stress pulse. Fabricatlion specifications were lmproved to
reduce residual stresses and susceptibllity to deuterium pickup.

Examination of all six original gulde tubes after removal
from the reactor revealed the following addltional contributing
factors to the failures.'S

a) The Dy content of the Zircaloy was high (100-
300 ppm), especlally in the reduced diameter
gectlons of the rods, showlng that the pickup
of Dy produced by corrosion was as high as 50%
of the total produced.

b) Radislly oriented platelets of zirconium hydrides
had formed near the outer surface of the Zircaloy.

¢) The cracks had started at least several weeks before
they propagated to & size sufficlent to affect the
drop times,.

To determine the possible effect of material composition on
susceptibility to failure, some similar (but larger diameter)
housing tubes of low-nlckel Zircaloy-2 that had been in the reactor
for the same perlod as the guide tubes were also examlned. The
significant result of the comparison was that the D, plckup of
the low-nickel tubes was a maximum of 12% of the total produced.

In postirradiation ductility tests, these low-nickel tubes could
be completely collepsed wilithout cracking.

The data indicate that Zircaloy-4, or low-nickel Zircaloy-2,
ls superior to Zircaloy-2 for service at conditions similar to
those in the HWCTR; 1.e., temperature 200-250°C, pD 10-11 (measured
at 25°C), chlorides less than 0.1 ppm, and oxygen less than
0.1 std cc/kg D0 (0,14 ppm).

Another problem wlth serlicus potential arose after asbout two
yvears of service, On separste occasions, about two months apart,
8 safety rod failed to drop by gravity on a scram signal but was
driven in asutomatlcally by the drive mechanism. On each occasion
the overrunning cam clutch, used to drive in a rod that fails to
fall, was found to be cracked. After the first occaslon, the
clutch was replaced and subsequent rod drop times were gatis-
factory. After the second occesion, all clutches were examlned
and a third cracked clutch was discovered.
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The cracks spparently resulted from high stress concentra-
tions in the corners of a keyway 1n the clutch, since the corners
were cut with almost no radii. New clutches with 60-mil radii in
the keyway corners were installed, tested through several c¢ycles
of torquing, and inspected, No cracks appeared then or in subse-
guent periodic inspections.

POISON [NJECTION

Backing up the safety and control rods was a system tc
inject a neutron polson solution directly into the reactor ccre.
This system was requlred to be operable before ralsing any rods,
and was intended to be actuated manually 1f the neutron flux
falled to decrease after a scram signal. The reactlvity worth of
the solution was the same ag that of the control rods, a minimum
of 24% (AK/K)gpp. If uniformly distributed in the full 7000
gallons of D0, the polson would keep the reactor subcritical
under all condlitions,

The system was required to be tested at least once a year
during an outage, by replacing the poison solution with D0 and
timing an injection. InJjectlon of polscn was never requlred
during reactor operation.

As the system was originally designed and built, polson
solution was delivered rapidly from a storage tank pressurlzed
by helium from an external source. It was planned to adJust the
helium pressure for the proper injection time depending on whether
the reactor was pressurized or unpressurized, and to determine the
proper helium pressures experimentally during prestartup tests.
Tests of this arrangement before initlal critical showed that 1t
would not deliver the poison properly under certain combinations
of reactor pressure and flow. On several occaslons with the
reactor unpressurized, some DzO was blown out of the tank and the
main D,0 circulating pumps became gas bound by large volumes of
hellum.

The solution to these problems was to pressurize the storage
tank by connecting its gas space to the reactor gas space, to
elevate the storage tank about 50 feet above the reactor for the
proper driving force, and to install an orlfice in the injectlon
line to provide the proper injection time. The revised system is
shown schematically in Figure 5. InJection was started by plercing
two rupture dlscs in the inJection line.
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FIG. 5 POISON INJECTION SYSTEM
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Although the operation of this system is simple in principle,
considerable effort went Into design and testing to ensure that
the poison would get to the right place at the right time and
stay there. A solution of potassium tetraborate, KB 0,:-4H.0,
in D,0 was chosen as the polson on the basls that it would remain
soluble in suitable concentrations under storage and reactor
conditions. The worth of the solution was determined by tests
against a boric acid standard in a test reactor,.

With the pressure equalized between the reactor gas space
and the poison storage tank, the remaining variable that affected
the injection time was the flow of coolant through the reactor.
About half the system pressure drop 1s across the core, or between
the reactor gas space and the moderator space where the poison is
injected. Therefore the flow in the reactor directly affects the
driving force for injection, The amount of polson that gets into
the reactor also depends on the coolant flow, because the level
of poison solution remaining in the delivery line depends on the
pressure at the delivery point in the moderator space, At full
fiow {AC motors on), all the poison is inJected and some helium
circulates through the core. At shutdown flow (DC motors only),
the level in the poison delivery line remains a few feet below
the D0 level in the reactor.

Injection time must be significantly longer than the reclr-
culation time of the D;0 to ensure that enough poison is always
in the reactor core. TFor ghort injection times the polgon could
be swept completely out of the core and permit a power excursion,
Table I shows the amount of poison injected and compares its
injection time to the D,0 clrculation time for full flow and
shutdown flow, and Figure 6 shows the amount of poison in the

- core reglon and its reactivity worth as a function of time after

injection.
TABLE I

Polson Injection Characteristics

Type Flow
Mfall Shutdown
(AC motors) {DC mectors)
Total polson injected, gallons 73 60
Total inJection time, minutes 3.6 3.9

Total D0 circulation time,
minutes 0.6 2.0
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FIG. 6 WORTH OF POISON INJECTION SYSTEM

After the polison was injected in tests at full flow, the gas
blown into the reactor increased the indicated level by 8 inches,
and reduced the flow by about 4%. There was no fluctuation in
flow to indicate gas binding of the D;0 circulating pumps,
Absence of gas binding was demonstrated by a test in which the
AC motor on one pump was shut down, then restarted. Flow was
re-established immediately.
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PRESSURE RELIEF

Original equipment of the HWCTR included two sets of rellef
valves on the primary system. The first comprised two palrs of
high capacity gas rellef valves, connected to the reactor gas
space and interlocked so that one of each palr was always on line,
The second was & pair of smaller liquid relief valves, one of
which was always on line and set at a lower pressure than the gas
relief valves (see Figure 7). Both sets of valves were equlpped
with leak detectors downstream, and switches to scram the reactor
if a valve opened., The liquid rellef valves were downstream of
a heat exchanger that cooled the D0 to 100°C or less, and thelr
effluent was directed to the main storage tank in the basement of
the reactor building.
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FIG. 7 PRESSURE RELIEF SYSTEMS
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It was recognized that the gas relief valves could depressu-
rize the reactor rapldly, snd thereby permit boliling to oeccur,
The liquid relief valves were provided to minimize the probabllity
of the gas rellef valves opening. Before the HWCTR was shut down,
plans were belng made to replace the gas relief valves with ancther
pair of liquid relief valves, This change would eliminate the
poselbility of depressurizing the reactor rapidly, and would allow
operation at higher pressures and temperatures because only a
single relief setting would be required.

The two on-1line gas relief valves were deslgned to pass
steam at a rate equivalent to 60 MW (nominal full reactor power)
at 10% overpressure (1650 psi). This design was adopted in 1958
to conform with the ASME Code with Special Nuclear Casés in effect
at that time, This code requirement was based on coping with an
accident in which all other heat removal capacity is lost at a
constant heat generatlion rate, as in conventional bolilers. A
revision to thig section of the code recognizes that in nuclear
reactors the heat generation rate 1s a functlon of the system
temperature and hence the heat removal rate. The revised code
algo allows the inclusion of the temperature coefficient of
reactivity in the power calculations after heat removal capacity
is lost. When this factor is ftaken into account 1t is calculated
that gas rellef valves are not needed to prevent excess pressure
in the primary system of the HWCTR due to expansion of the
moderator, Emergency ccoling must be supplied eventually to
prevent the vapor pressure of the D,0 from exceeding the design
pressure,

Relief of reactor pressure was never required during opera-
tion. Tests at reactor hydraulic conditions showed that settings
could be made within %50 psi of the desired pressure. These tests
alsc showed that the valves relieved less than 150 gpm, rather
than the design value of 230 gpm, because of the pressure drop in
the relief lines., However, the flow was more than adequate to
cope with these new design criteria:

a) Loss of heat removal capacity

b) Malfunction of helium addition system

¢) Malfunction of D,0 makeup system

Relief systems are not effective against reactivity addition
incidents, For the assumed maximum ramp resctivity increase of
5 x 107% (AX/K)/sec {two rods driving out), liquid relief capacity
of about 500 gpm would be required to prevent overpressure from

moderator expansion., With any relief system, overpressure would
occur in about 30 seconds from the vapor pressure of the D0,

- 14 -
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However, even with no relief, 10% overpressure (1650 psi) would
not be reached until 20 seconds after this ramp addition began.
The polson injection system 1s intended to be tripped manually
within 15 seconds if the neutron flux is not decreasing, and
would stop the pressure increase,

Figure 8 shows the pressure increase from D0 expansion
after a reactivity increase, as well as from logs of heat removal
capacity and maximum addition of helium and Dg0O., Pressure
increases were calculated as 1f the safety clrcults did not

function,
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CONTAINMENT

The HWOTR contalnment bullding 1s steel above grade and pre-
stressed concrete below.(s’ Thies bullding 1s compared to a
typical all steel building in Figure 9, and the Joint between
the steel and concrete is shown In Figure 10. The concrete 1s
lined with a thermal-setting plastlc reinforced by fiberglass
fabric to minimize leakage. Because of the large distance from
the Savannah River Plant boundary, it was estimated that a leakage
rate of about 1% of the bullding contents per day would be
allowable., Although the sought-for leskage rate of 1% per day
at 24 psig was not achieved with the building in an operable
condition, the addition of iodine adsorbers reduced calculated
off-site doses to acceptable values.
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<EL 300" cEL+30-0"
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FIG. 9 COMPARISON OF CONTAINMENT VESSELS
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FIG. 10 MAIN JOINT OF CONTAINMENT BUILDING

Under any of the following clrcumstances, the bullding was
required to be in a condition such that containment would be
initiated automatically by a stack actlivity signal:

# Reactor critical
¢ D,0 temperature above 100°C
e Irradiated fuel being charged or discharged

e Lattice elements being moved whose complete
removal or insertion would cause the reactor
to be subcritical by less than the worth of
six safety rods,

A deluge system, congisting of 15,000 gallons of water stored
in the dome with connectiong to nozzles throughout the bullding,
was provided to reduce the pressure and temperature In the bullding
by condensing steam after a loss-of-coolant accldent. This system
could be activated manually, but was also deslgned to be cperated
automatically by a high pressure signal after contalnment was
establighed. It was tested each year by actuating each valve 1n
the system separately. Nozzles were inspected 1individually.
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After a strength test of the bullding at 29 psig, but before
most of the egulpment was installed, the first leak test was run
at 24 psig using the reference tank method, with sultable correc-
tions for temperature and humidity changes.t7) The average leak
regte was determined by statistical analysls of data taken over a
36-hour period. The measured leak rate of about 0,6% per day was
Judged satisfactory. Subsequent tests were run at a reduced
pressure of 5 psilg to prevent damage to Instruments, and the
results scaled to 24 psig on the basis of compressible laminar
flow through the leak paths., This scaling method was verified
by one set of consecutlve tests at 5 and 12 psig. In most tests
at © psig, operating personnel entered the bullding to locate
leakage points. Leaks were detected by sound when all mechanlcal
equipment was shut down. Also, during each test "Freon"* injec-
tion and a halide leak detector were used to locate leaks through
electrical condults,

When the bullding was completed and all penetrations made,
measured leak rates were equlvalent to 2 to 3% per day at 24 psig,
even after those leaks that were found were elimlnated. Many of
the bullding penetrations were in the concrete walls and main
floor slab, and it i1s believed these accounted for most of the
leakage. Soap bubble tests of the exposed maln Joint revealed
some leakage.

Because the leakage rate was higher than predicted, and
because the calculated off-site doses after a core meltdown were
on the borderline of acceptability based on conservatlve calcu-
lations, it was declded to take advantage of the development of
carbon beds for ilodine adsorption at Savannah River., If the
contents of the building were circulated through carbon beds
after an incldent to remove iodine, only the noble gas fission
products would contribute significantly to off-site doses. Four
such adsorbers were installed, and circulation of the bhuilding
ailr was continucus when the contalnment system was activated,

In calculating the effect of lodine removal, credit was taken
for only cne of the adsorbers operating.

With iodine adsorbers installed, calculation of off-site
doses from a ground level release established that a leakage rate
equivalent to 7.6% per day or less at 24 pslg would 1limit off-
site whole body doses to less than 25 rad and thyroild doses to
less than 30 Rem. The most recent leak test of the bullding
indicated a leakage rate of 2.5% per day at 24 psig.

#+ Trademark of E, I, du Pont de Nemours & Co, for fluorinated
hydrocarbons.
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AN INSTRUMENT FOR LOCATING
FAILED FUEL ELEMENTS IN THE HWCTR

by

V. D, Vandervelde

SUMMARY

A prototype of a new fuel failure location instrument was
tested in the HWCTR for elght months prior te termination of
reactor operation. Thig prototype, the fixed window gemma monitor
(FWGM), had a photomultiplier probe which monitored the sample
stream from the effluent of each test element in sequence, An
energy window from 0,05 to 0.15 Mev was determined to be a eatls-
factory compromlse between excessive background count rate and
absolute sensitivity. Thils interval included the neptunium and
xenon activity peaks.

The FWGM properly identifled the location of two oxlde fuel
element fallures that occurred after its installatlion, The first
faillure occurred durlng a power ascension from 25 to 50% of full
power, and the second occurred approximately three hours after a
reactor shutdown from full power. The FWGM slgnal increased a
factor of four above background during the first fallure, and a
factor of ten above background during the second fallure.. The
favorable performance of the lnstrument during these fuel fallures
was a satisfactory demonstration that 1t should be effectlve for
locating fuel element fallures under normal operatling and shut-
down conditions,

Design was completed for an improved failure location
instrument which incorporated the FWGM electronic system with a
new, lmproved concept for monitoring integral sample lines at
operating pressure,
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INTRODUCTION

The fuel elements of the HWCTR were cooled wilth D0 flowing
downward through the assemblles, past monitor pins, and into the
bulk moderator (see Figure 1). The moderator coolant was pumped
into the steam generators and back into the reactor, Further
details of the HWCTR are glven in DP-600, ‘%!

Reactor

P |
; { [
e

]

Typical
Fuei
Element
Detector
Fuel Failure '
~ Steam

Genergtor

Locator [y

Fuel Failure M

FIG. 1 HWCTR FLOW DIAGRAM

The HWCTR as originally designed and built was equlpped with

geveral instrument systems to detect the existence and position of

failed fuel elements.(z} Considerable redundancy was built Into
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this set of eystems because of the necesslty to shut down the high :
temperature reactor promptly when metallic uranium elements rup- ;|
tured and because of the lack of proven performance of any single B
system. In general, the systems that had high sensitivity for J
detecting fission products from falled fuel had slow time responses
and those that responded rapldly had low sensltivity. Actual
experience demonstrated that the fast-acting systems had sufficlent
sensitivity to provide a signal in adequate time to allow the
reactor to be shut down before a fuel fallure had progressed sig-
nificantly. The addition of uranium to the system was never more
than a few grams.

The principal deficlency of the set of systems was the
inability of the position detector to respond adequately when the
fuel element failed at zero or low reactor power,

LOW ENERGY GAMMA MONITOR (LEGM)

A gample of the D,0 coolant was diverted from the process
stream at the discharge of the circulatlng pump, passed through
a l5.minute delay coil, and then passed across a probe scintlillator
crystal. From the probe assembly the sample was directed to a
sediment pot, where the lowered veloclty permitted particulate
matter to settle out. The sample stream was then directed through
s flowmeter and returned to the process stream at the pump suctlon.
The sediment trap and flowmeter were normally bypassed during
operation and were used only when callbrating the system. |

The Iinstrumentaticn scanned and recorded contlnuously the
activity in the energy range from 0.03 te 0.3 Mev, which encom-
passes flsslon product 22°Np (0.1 Mev) and **3®Xe (0.08 Mev). The
15-minute delay coll prevented these low energy levels from being
masked by short-lived products, such as *©N (7.4-second half-1life),
199 (29-second half-1life), 7F (66-second half-life), and 2'Mg
(10-minute half-1ife).

The pulses generated in the photomultiplier tube of the probe
assembly were amplified in a linear amplifier and directed to a
gcanning pulse height analyzer., The scanning window of the ana-
lyzer permitted signals in the 0.03 to 0.3 Mev range to be directed
to a count rate meter and recorder, The analyzer scanned this
energy range, up and down, in 7.32 minutes. Signal level to the
recorder was adjusted 50 that normal activity peaks in the 0.1 Mev
region of the chart did not exceed 20% of full scale, thus pro-
viding 80% of full scale for observation of Increases in activity.

This system had slow response due to the sample delay time,
but 1t had a high signal-to-nolse ratio.
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GAS FISSION PRODUCT MONITOR (GFPM)

A 10-gpm purge stream was taken from the reactor vessel,
cocled to 30°C, and then depressurized into a purification hold
tank, A 100-cm®/min sample of the gases evolved in thils tank was
pumped through an electrostatic precipltator that consisted of a
cylindrical tube malntained positive with respect to a central
meving wire electrode. The gas stream was then returned to the

low pressure gas system.

The daughters of radiocactive gas atoms were electrostatically
precipltated onto the moving wire, The activity of radiocactlve
daughters was detected as the wire passed in front of a detector,
The radioactive daughters of fission product xenon and Krypton
were detected 1In this manner. A particular advantage of this
system was that **A, the major gaseocus background activlity when
the blanket gas was contaminated with alr, was not detected since
its daughter, %X, is stable.

The response of this system was similar to the LEGM -~ there
was about a 15-minute delay in the sample arriving at the detector,
Again, the slow response was offset by the high sensiltivity pro-
vided by good signal-to-necise ratio,

DELAYED NEUTRON MONITOR (DNM)

A coolant sample line from the dlscharge of the circulating }
pump was directed through a H.0 reservoir. A boron-coated lon
chamber in the reservolr detected the presence of delayed neutrons
from ®7Br (54-second half-life) and %71 (22-second half-1life),
The H,O served both as a coolant and as a thermslizing medlum
between the sample line and the lon chamber, Transient time to
the detector was about 60 seconds; this transient time minimized
photoneutron activity from short--lived nonflssion product gamma
emitters (l1.e., 1°®N) acting upon the D,0 in the sample line. From
the reservolr, the sample was directed to a sediment pot, through
a flowmeter, and then returned to the process stream at the pump
suctlon. The sediment trap and flowmeter were normally bypassed
during operation and were used only for flow callbration.

The short sample transient time enabled this Instrument to
respond rapldly to large fuel fallures, but 1ts sensltivity was
lower than that of either the ILEGM or GFFPM,
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SCANNING LIQUID PHOTONEUTRON MONITOR (SLPM)

This system served as the only locator-detector among the b
original failure detection systems, Samples of the effluent from hoog
each of the ten test fuel positions were selected sequentially by 3 s
a multiport valve, which routed the selected stream through tubing : v
in a reservolr of pure D,0O. A boron-coated ion chamber in the N .
reservoir detected photoneutrons caused by figsion product gamma T
activity through the reaction D{(v¥,n)H. The D,0 thus acted both
as a photoneutron source and as a thermallzing medlum. Sample
transient time to the reservolr was about 60 seconds; hence some
delayed neutrons were also detected by the probe.

The mechanical arrangement of the multiport valve permitted
a continuous stresm from each of the test assemblies to pass
through the valve, with the sample stream from one of the ten
positions being diverted through the DpO0 reservoir, A flow trans-
ducer, connected across a section of the sample line through the
reservoir, measured the differential pressure as an indication of
flow through the sample line. The combined samples were then
returned to the suction of the circulating pumps.

The electronics for this system were ldentical to those for
the DNM, with the addition of the fluid switch control circuits,
The signal from the flow transducer was utillzed to re-index the
fluid switch automatically after each scan. The same signal was
also displayed on the strip chart recorder as an indication of
the position belng measured. The scanning time for the fiuld
switch was adJustable between 4 to 15 seconds per poslitlon. {

The fast response time and lower sensitlvity associated with
the DNM were also lnherent in the design of the SLPN.

The SIPM was ineffective for locating a fallure at reactor
powers less than 20% full power, because the lncrease in count
rate from fission products was within the normal variatlon of the
background count rate, Several failures, especlally 1in uranium
oxide fuel, were detected either during a startup or after shut-
down. ILaboratory analyses of D,0 samples taken from the fuel
effluents were used to locate these fallures, Often, more than
one series of samples had to be taken and, since each serles was
preceded by a one- to five-hour period of neo-flow time to allow
fission products to accumulate in the flow channel of the falled
element, this technique extended reactor downtime,
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EVALUATION OF FOUR INITIAL SYSTEMS

The LEGM proved to be the most reliable of the several systems
for indicating fallures of both metal and oxide fuels. The
disadvantages for using & duplicate of this system for locating
failures are:

e The long delay time (15-20 minutes) from the reactor.
Although this delay time 1s in part responsible for the
high sensltivity of the instrument, 1t 1s not compatible
wlth the prompt location of failures.

e The long gamma energy scanning time (7.3 minutes).

A scanning instrument ylelds detalls of the gemma energy peaks,
which ald in separating background from fission product signsal,
but any practicael scanning time would require long intervals
between the monltoring of individual test fuel elements.

Testes were performed with a portable pulse height scanning
analyzer (similar to the IEGM) to monitor the SLPM sample lines.
The results indicated that the samples after a 1-1/2 minute delay
(for the background actlvity of 12N to decay) produced a broad
gamms energy peask centered near 0,1 Mev, Such an energy peak
could be meonitored wilith a fixed-energy window (from ~0.05 to ~0.14
Mev), and the total count rate of the peak would not be sensitive
to electronic "drift"” (up to 0,01 Mev) as long as the width of
the window stays constant.

FIXED WINDOW GAMMA MONITOR (FWGM)

A prototype flxed window gammsa monlitor was installed and
¢glibrated. The probe, consisting of a thin Nal crystal, photo-
multiplier, and preamplifler, was placed near the effluent sample
gtream of the SLPM multiport valwve. This FWGM arrangement properly
identifled the location of the two oxide fuel elements which falled
after installation, Table I is a summary of the fallures in the
HWCTR., The last two fallures were ldentified by the FWGM and were
typlcal of those that had preceded them, This experlence was a
reallstic demonstration that a locator of thls type tan be a
valuable ald in reactor operatlon when prompt locatlion of fuel
element fallure is important.
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TABLE T

Instrument Respongse to Fuel Failures

SLPM, eps FWGM, c¢ps
(a) Reactor LEGM, At At

Element Power, MW % Increase 3Background Fallure Background Faillure

A 36 >1460 5 1307 - -

A 39 56 Inopersable - -

B 0 >400 >l >1 - -

B 2250 >1 >1 - -

¢ 10 550 3 ofe) - -

c 37 100 15 15 - -

B o 200 >l >1 - -

c 20 420 7 21 (0) 180,000 79o,ooo(°)

B 0 200 >1 >1 3,000 30,000
{a) A = Natural uranium metal

B = Natural uranium oxide

C = 1-1/2% enriched uranium oxide

(b) Fallure located with SLPM.
(e) Fallure located with FWGM.

The senstivity of a device that monltors several samples 1s
dependent upon the relative increase in activity of one sample
above the nelghboring samples., Actlivity increases due to reactor
power changes or other whole system changes tend to affect all
samples together, while the actlvity in a sample with fission
products 1s seen as a rise above all cthers. Figure 2 shows the
FWGM activity chart at the time of fallure of a slightly enriched
uranium oxide element., This fallure occurred as a small, short-
lived burst of activity during a power ascension, ' The reactor
was shut down about 80 minutes later, after the activity lncrease
was confirmed by the other fuel fallure detectors,

The activity, recorded on linear chart paper, was from a
logarithmic count rate meter whose scale normalizes to the chart
at 33% = 10* cps, 67% = 10° cps, and 100% = 10%, The square wave
at the upper 2% of the recorder chart was made by a pulsing pen
used to record the positlion of the multiport valve by moving up
or down as the valve changed position. The valve positlons are
indicated on Figure 2 wlth dashed lines to the activity trace to
indicate the activity belng recorded at the various switch positions.
The multiport valve was set to rotate once each 3 minutes,

The activity of position 3 {(circled on chart) shows a sudden
rise at the beginning of a power ascension (Flgure 2 ) while the
other activities show a slower rise in proportion to the power
increase, About 12 minutes later a smeller (but still significant)

rise 1n activlity of polnt 3 may be noted.
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Operation of the multiport valve became erratic a few months
prior to HWCTR shutdown, and plans were made for an activity
sempling selector which would not depend upon valve operations
in the high pressure moderator system., The design of the system
was complete and fabrication was in progress when operation of
HWOTR was terminated. Figure 3 shows a cross section and isometric
view of the proposed system, which conslsted of up to 24 stationary,
continuously flowing, shielded sample lines; a rotating lead shield
(~0,2 rpm) with a single hole aimed at the samples 1n sequence;
and a stationary probe which feeds 1ts signal to the FWGM,

) Stationary
" Photomultiplier
Probe
Probe .S"]
Support

Rototing
Shigld with
Single Hole

i

Stationary
Shielded
Flowing
Samples

[ 4

Isometric View

FIG. 3 PROPOSED ACTIVITY SAMPLE SELECTOR
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STANDBY CONDITION OF THE HWCTR
by

L. M, Arnett

SUMMARY

The HWCTR was shut down December 1, 1964 and placed in a
standby condition. The system was drained, vacuum dried, and
filled with dry nitrogen at 5 inches H 0 pressure, The heavy
water moderator was processed through an ion exchange bed, up-
graded, and stored in drums. Rotating equipment was filled with
new lubricating olil and left at smbient conditions. The floors
in the building were cleaned. The whole facility is 1nepected
once & week, Maintenance, operating, and technical know-how was
recorded.

About six months would be needed to reactivate the HWCTR —
115-man-months for supervisory personnel, and 280 man-months for
operators and mechanics.
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INTRODUCTION S

The Heavy Water Components Test Reactor (HWCTR) was operated
from March 1962 until De ember 1, 1964, for the U. 8. Atomlc Energy
Commission to test fuel and other reactor components as part of
the research and development program on ?ower reactors that are
moderated and cooled with heavy water, {1 Operation of the HWCTR
was terminated because of the decision to redirect the work on this
reactor concept to reactors that are organic-cooled. However, the
facility 1s 1n standby condltion for possible reactivation should
new interests arise,

LAY -AWAY PROCEDURES

Following the decision to place the reactor in standy condition,
all of the fuel assemblies and the two neutron sources were removed
from the reactor and stored under water at another Savannah River
Plant facility. All other reactor components, including control
end safety rods, long-term corrosion coupons, and a rod containing
gamma lon chambers, were left in the core.

The D0 from the reactor wes clrculated through a deuterized
mixed-bed (DOD) ion exchange resin to remove the lithium ion that
was present durlng operation to mainteain the pD at 10.7 £0.5.
After this treatment, the D0 was returned to the reprocessing
plant, upgraded to 99.75% D,0, and stored in drums,

A1l filters and ion exchange beds in the reactor purlfication '
system and the spent fuel basin system were removed and burled in
the same manner that exhausted items were handled during operation.

After the D,0 was dralned from the reactor system, the high
pressure portiocn was vacuum dried to remove traces of Dy0; the
low pressure system was drained and alr dried. The whole system
was closed, as during normal operating conditlons, and filled with
dry nitrogen at a pressure of about five inches of Hp0, Thls
pressure is maintained from a bank of cylinders and regquires about
50 scf or nltrogen per day. The adherent coating or magnetite on
the carbon steel piping and equlpment is expected to remain
essentially unaltered under these conditions.

The Ho0 was drained from the secondary coolant system, and
most of the system was left at ambient condition., The standpipe,
into which the untreated well water is pumped, had & rust coating
which indicated & corrosion rate of about 7 mils per year. The
feedwater pumps and their steam turbine drives were in excellent
condition. The shell sides of the steam generators and the purge
cooler were filled with nitrogen. New tubes will be requlired for
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che steam generators 1f the faclility is reactivated because the
tubes are severely pltted on the steam side, The pltting occurred
during a perlod of operation when the lack of control of the
oxygen content of the feedwater went undetected.

After all fuel elements were removed from the spent fuel
basin, the basin water was clrculated through the purification
gystem of filters and lon exchange resin to remove dissolved and
particulate materials. The water was drsined and the basin was
hosed once. The basin was closed with a tarpaulin and a wooden
cover, Care will be required to avold the possible spread of
alrborne activity whenever this cover 1s removed.

All rotating equipment was left at amblent condition except
that lubricating systems were drained and fillled with new oil
contalning "Rust-ban 623."* These systems will be operated about
twice per year to circulate the oil.

The electrical power system remalns actlvated for selected
containment bullding heating, ventilating, and lighting circuits,
The bank of storage batteries that served as a source of emergency
power has been left on trickle charge from a motor-generator so
that no capaclty will be lost.

The 15,000-gallon deluge tank in the top of the contalnment
bullding was drained, sandblasted, and painted to arrest an
exlsting corrosion condition.

Although the exterior of the contalnment bullding under the
insulation 1is gradually corroding, nc preservatlve measures are
beingz tsken because no serious lmpalrment of strength 1s expected
in less than three to five years. The outer coating over the
polystyrene blocks that provide thermal insulation is cracked, and
rain water has access to the steel building. The metal surface
under the insulation is to be examined periodically to ensure that
the bullding does not serlously deterlorate.

Heated alr 1s clrculated in the contailnment bullding and the
control house to limit corrosion and deterioratlon of eguipment
from high relative humidity. Incoming air is heated by duct
heaters and lights in the bulldings to maintaln an inside minimum
temperature of 75°F, or higher, to provide a temperature in the
buildings at least 10°F above the dew point, This procedure is
estimated to maintaln a relative humidity below 50 to 60%, The
net circulation of salr through the contalnment bullding is
2000 scfm, and an internal circulation of 6000 scfm 1s provided by
silx pedestal fans.

#* Trademark of Humble Cil and Reflining Co.

R
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The floors in the containment bullding were cleaned until the
contamination of transferable beta and gamms materlals was less
than 500 cpm, as measured at one inch with a Geiger counter of
30 mg/em® wall thickness. The radiation in the building is
generally less than 5 mR/hr. At some isolated locations, all of
which are clearly marked, the radiation i1s as high as 1 R/hr. \
These locations all result from entrapment of activity in specifilc
places in piping and equipment. Health Physilcs personnel survey
the building once each month to assure that the general radiation
levels have not increased and that the material from the known
hot spots has not been transferred to new locatlons.

The whole facility is 1nspected once each week. The condition
of the ventilating system, the temperatures in the buildings, and
the amount of nitrogen in the storage bank are recorded. New
nitrogen cylinders are added when needed.

The maintenance, operating, and technlcal staffs prepared
comprehensive documents containing the know-how pertaining to the
facility at the time of shutdown, Included were the peculilarities
of individual ltems of equipment and systems, and recommended
revisions and additions that would improve the performance and
usefulness of the facllity. This informatlon should be very
helpful t¢ any new staff that restarts the facility.

REACTIVATION

To reactivate the HWCTR in the near future would require
sbout six months. The manpower estimates for this period are
115 man-months for supervisory personnel and 280 man-months for
operators and mechanics. The manpower and cost estimates exclude
any provision for the development of the new research and develop-
ment program and any speclal materlals and equipment that such a
program would require,
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Document enclosed has or will be submitted for publication in the following scientific journal:

(Name of Journal) (Expected date of issuance)

I1.[J Document enclosed is intended for publication in a journal whose publication policy precludes advance
distribution within the AEC and single copy distribution to Federal Clearinghouse and to domestic de-

pository libraries.

1. Paper has been or will be submitted for publication in the following scientifie journal:

{Name of Journal) (Expected date of lssuance)

(NOTE: DTI will hold this document for internal use and will not announce in NSA. No further distribution will be made except in
unique circumstances when the report is required by present work of another AEC Contractor in advance of the paper’s appearance
in the journal. Such further distribution by DTI will be limited to specific requests for this information.)




IV.[] Document enclosed is intended for Oral Presentation.

Name, Location, Sponsor of Meeting Date

Publication plans are:
1. ] This paper will be included in the published proceedings of the meeting.
9. {] This paper will not be included in published proceedings. After the date indicated above:
a.[_] DTI is requested to reproduce and make TID- 4500 distribution, including copies to Federal Clearinghouse, depository
libraries and announce in NSA,
b. [} We (originator) will make TID-2500 distribution, including copies to Federal Clearinghouse. (Note: When printed,
please transmit copies to DTI with a new PRF appropriately checked in Section 1.)
e.[] Paper will be submitted for journal publication. (NOTE: When paper is submitted for journal publication, please
submit to DTI a new PRF appropriately checked in either Section I or II.)

V.[J Document enclosed is an internal or informal report not intended for TID-4500 Standard Distribution,
Journal Publication or Cral Presentation.

AEC Manual Chapter 3202 requires that informal reports generally be given TID-4500 distribution, and that technical information
contained in internal reports also appear in a distributable document which receives appropriate distribution.

Chapter 9202 does recognize that issuing organizations may wish to recommend distribution limitations for informal reports and
internal reports (subsequently distributed externally) under certain conditions. It also provides for negotiation between DTI and the
originator, or DTI and the cognizant AEC Program Division if distribution limitations specified by the criginator appear questmnable

to Federal Clearmghouse
Recommendations are:
1, DTLis[ Jis not[_Jto make selected positive distribution to certain AEC contractors as appropriate.
9. DTI is[_lis not[Jto fill requests for this document from AEC contractors.
3. DTI isDis not[_|to selectively distribute and fill requests for this document from other Government agencies.
4. DTIis{_Jis not[_|te make = single copy available to Federal Clearinghouse and announce in NSA.

IF DISTRIBUTION LIMITATIONS ARE INDICATED ABOVE, LIST JUSTIFICATION OR REASONS AS REQUIRED BY AEC MANUAL
CHAPTER 3202,

Patent clearance for the document cited in this Publication Release Form has L@ has not [_1been obtained.

This release is submitted by: /Z:;; WMW
(ignature) J
¥, H. 8pri

{name typed)

-

Organization Ssvannah River laborstory
Date ?‘f-‘ 2"9 M&{

If it is desired that correspondence concerning this document be directed to an individua! other than the name above,

please indicate

USALC Divitian of Technical Inkemation turension, Gak Fidga, Teneubt




¢¢: L, ¢, Evans - C, W. J. Wende ~

ESTASLISHED 1802 J . W . Croa ch
E. [. pu PoNT DE NEN:OURS & CoMPANY S. A, McNeight
SAVANNAH I::\::: IE:,ABQRATORY W. F. Overbeck - G. Dessauer -
TIS Pile

AIKEN, SouTH CAROLINA 29802
(TWX: B0O3-824.0018, TEL: 803.824.6331, WU: AUGUSTA, GA.}

Mr. R. G. Erdley, Chief

Patent Branch July 21, 1966
Savannah River Operations Office

U, S. Atomlc Energy Commission

Post Office Box A

Aiken, South Carolina

Dear Mr. Erdley:

REQUEST FOR PATENT REVIEW

Please review for patent matter:

DP-1049, The Heavy Water Components Test Reactor: Safety Systems,
Fuel Fallure Detection, and Standby Condition, by L. M. Arnett,
C. P. Ross, and V. D. Vandervelde

The material on safety systems and standby condltion was released
previously. It was presented by Rosgg and Arnett respectively at
the ANS meeting ot Jackson Hole, July 1965, and submitted but
subsequently rejected for publication in Nucleonics and/or
Nuclear Applications.

If any technlcal clarification 1s needed please call J. E. Beach whose
document review 1s attached.

Please telephone your comments to the TIS Office (Ext. 3402) and notify
me by slgning and returning to TIS the origlnal of this letter. A copy
1s provided for your file,

If you declde to pursue a patent on any development covered, I shall be

happy to supply additional information required such as approprilate

references and the names of persons responsible for the development.

The above 1tem 1s approved Very truly yours,
for release,
Ciﬁda5f'&jéhjlnﬁzmg
. -Po-<da C. W. J. Wende, Director

. G. Erdley, C Date Technical Division
Patent Branch
SROO, USAEC By:

J. E. Beach
CBETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY

LR P T SRS AT IR N L g L R e Ty T, T




=

-

EXTE?NALLRELEASE OF TECHNICAL INFORMAT ION
Description of Material No. DP-1049 ' Date: 7/21/66

Title: The Heavy Water Components Test Reactor: Safety Systems, Fuel
Failure Detectlion, and Standby Condition

Author: L. M. Arnett, C. P. Ross, and V. D. Vandervelde

Type of Material

Classified DP Report 7 Classified Paper /7
Unclassified DP Report 7 Unclassified Paper /7
Letter L7
Technical Content
Approved by /s/ L. M. Arnett Date:
Classification
Approved by 5.6, O Rea iy Date: 7fu/coc,

S. W. O'Rear

Authority:
Topics 800 and 850 SROO Classification Guide

The material on safety systems and standby condltion was released
previously. It was presented by Ross and Arnett respectively at
the ANS meetling at Jackson Hole, July 1965, and submitted but }
subsequently rejected for publication in Nucleonics and/or

Nuclear Applications,

Category 1f DP Report

Approved by S. ). OM/@H Date: ?/uﬁ,e

S. W. O'Rear

Final Du Pont Release
& "
Approved by . Date: l#—(ﬁéé
Coordihating Orgénlizag¥on Director

Released by
R. G. Erdley:

7))t




