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ABSTRACT

The Heavy Water Components Test Reactor (HWCTR) is a
pressurized reactor that is cooled and moderated with heavy
water. The reactor is located at the Ssvannah River Plant,
Alken, South Carolina, and was operated for the Atomic Energy
Commission by the Du Pont Company. It was designed for the
purpose of testing, at actual operating conditions of flow,
temperature, and pressure, candidate fuel assemblles and other
reactor components for a heavy water power reactor fueled with
natural or slightly enriched uranium,

This repert describes the startup and operating history

of the HWCTR from October 1961 .to December 1964. The reactor
facility was shut down in December 1964,

- 11 -



CONTENTS

List of Flgures and Tables ., ., . .
SUMMArY + o « o s s s & = w8 & o4 v w
Brief Description of Faclllity . . .

Chronologleal Summery . . . + + « &

Precritical Testing . . . . . .

-

Initial-Critical, Low Power Tests,

and Modifiecations . . . . . .
Power Operation and Fuel Testing
Systems and Equipment . . . . . . .
Reactor Asgembly . . .+ . + v + =«
Main Circulating System . . . .
Purge and Level Control . . . .
Main Purificatlion System .
Seal ﬁater System , . . . . . .
Control and Safety Rod System .
Cooling Water and Steam System .
Process Gas Systems . . . . .
Electrical Systems . . . . . . .
Instrumentation . . . . .+ + . .
Containment Bullding . . . . . .
D0 Leakage Detection and Losses

Referentes . « « 4+ + s s s s 2 s &

- 111 -

L]

»

10
2
38
38
41
4y
46
48
51
51
56
60
64
TO
72

74



Figure

(=
OWM O~ o U &1 o

12
13
14
15

16
17
18

19
20

21
22

23
24

25

26
er

Table

Ir
111
Iv

L.IST OF FIGURES AND TABLES

The HWCTR Aref, . . . & + « o v s 2 & 2 4
Containment Bullding . . « « + « + &+ + 4+
Cut-Away View of the Reactor . ., . . . . .,
The HWCTR Iattice ., ., . + ¢ v v v & & s &
Main Cooclant System . . . . . . + + .+ & &

Isolated Coolant Toopas . . . . s e e
Operating Chronology of the HWCTR e e .

Operating Summary July-December 1962 , , -

Operating Summary January-June 1863 , | .
Operating Summary July-December 1963 ., , ,

Operating Summary January-June 1964 ., . .
Operating Summary June-December 1964 , . ,
History of Reactor Innage . . .+ « « « + o

Reactor Assembly . . & + « « ¢ + « o + &
Main Clrculating System . . . « + « + « .
Purge and Level Control System . . . . . .
Main Purification System . . . . .+ « « + =
Seal Water System . . « « « ¢« + « o ¢ o
Cooling Water and Steam System . . . . .

Reaction Rates Between Catalyzed Sodium
Sulfite and Dissolved Oxygen . . . . » .

HWCTR Gas System . . . . s e e e e s
Primary Electrical Distribution “ e e e
Control Power Distribution . . . . « « « .
Low Energy Gamma Monitor . . . ¢ « ¢ « « 4
Gas Flssion Product Monitor ..+ .+ + . o« &

Dzlayed Neutron Monltor . . . . . . « . .
Scanning Llquld Photoneutron Monitor . . .

HWCTR Cycles and Test Fuel Positions . . .
Test Fuel Identification . . . . . .
Major Shutdown Jobs, H-1.3-1.% Outage (%/3
Debris Removed From System After

Line Block Tneident . . ¢ & o « « « « &
Efficacy of Catalyzed Sodium Sulfite

for Oxygen Removed from HWCTR Well Water
Response of Failed Element Detectors . . .

- iv -

1

5/18/64) .

*

AR A SRR

20
21

25
31

56
69




i {&‘v,\,z;«m

OPERATIONAL SUMMARY OF THE
HEAVY. WATER COMPONENTS TEST REACTOR
CCTOBER 1961 - DECEMBER 1984

SUMMARY

The HWCTR was operated from October 1961 to December 1964 to test
fuel elements and other reactor components of potential use in heavy
water moderated and cooled power reactors., Operations were terminated
and the facllity placed In standby conditlion as a result of the
decision by the U. S. Atomic Energy Commission to redlirect the research
and development work on heavy water power reactors to those that are
cocled with organic materials, The faclliity 1is being maintained in a
condition such that it could be reactivated in approximately six months,

Five months was devoted to the agsembly and Installafion of reactor
components and preoperation testing of eguipment snd systems. During
the initial hydraulic tests with light water, & protective film of
magnetite was formed on the surface of the process system, This film
remalned intact during the subseguent operation and sccounted for the
completely satisfactory performance of the large amount of carbon steel
in the process system,.

The total nuclear exposure in the HWCTR was 13,882 megawatt days
(MWD). Thirty-six test assemblies containing tubular fuel of uranium
metal or uranium oxide were irradiated, and the utility of this fuel for
power reactors was successfully demonstrated. One assembly of tubular
oxlde elements reached an exposure of 17,500 MWD/Tonne, Ten fallures
of experimental fuel were experienced during this period. In each
instance the fallure was detected promptly, and the reactor was shut
down before the process system became serlously contaminated.

Normal maintenance and minor modifications to equipment and
systems resulted in satisfactory performance throughout the operating
period.

The steam generators lesked through the tube-to-tube-sheet Joints
at rates between 5 t¢ 15 pounds per day from the beginning of operations.
The uncollected losses of heavy water from the rest of the system varled,
but were as low as 8 pounds per day under best conditions., Because the
HWCTR system conslsted of standard components throughout, these results
indicate that slight addlitlonal attention to leak tightness would pro-
duce a system from which D,0 losses would be sufficiently low to con-
stitute only a minor item 1n the cost of operation,
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The composite concrete and steel contalnment bullding leaked
about 0.75% of ths contents per day when the internal pressure was
5 psig. The provision of carbon beds to absorhk halogen figsion products
and the isoclated location of the facllity made these lepkage rates
acceptable,

BRIEF DESCRIPTION OF FACILITY

Only a brief description of the facility is gilven in this report:
a detalled description iz in the Finsl Hazards Evaluation report,
DP-600. (%)

The HWCTR ig housed in a containment building 70 feet in dlameter
and 125 feet high. Approximately half of the bullding is helow grads
and i prestressed concrede. The upper balf of the bullding Iz carbon
steel. The bullding is designed to withstand an internsl pressurs of
24 psig and was tested pneumatically at 29 psig. The containment
building houses the reactor and coclant systems, the charge-dizscharge
mechanlisms, and the reactor instrumentstion, The control room and
emergency power equipment are in a separate bullding. & photograph of
the HWCTR Area 1s Figure 1. The containment bullding, shown in
Figure 2, has an enclosed volume of 420,000 £t% and & free volume of
320,000 £1°,

FiG., 1 THE HWCTR AREA
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The reactor vessel has an over-all height of about 30 feet, a
maximum inside diameter of 7 feet, and a volume of 4000 gallons to
normal DO level. The shell and head are carbon steel plates and
forgings, and all inside surfaces are clad with stainless steel,
0.25-inch nominal thickness. The design pressure of the vessel is

the

1500 psi at a temperature ofl 315°C., A cut-away drawing of the reactor

is Figure 3.
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The core consists of a central test region of 12 positions sur-
rounded by a ring of 24 driver fuel positions. The arrangement of
these fuel positions, and the locations of control rods, safety rods,
and instrument thimbles are shown in Figure 4. Rack and pinion drive
mechanisms for the contrcel and safety rods are located above the reactor,
The drive mechanisms are bolted to the reactor head and are 1ifted with

it when the head is removed,
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FIG. 4 THE HWCTR LATTICE

Heavy water to moderate and cool the reactor 1ls pumped through two
nozzles into the top section of the reactor vessel at about 10,000 gpm.
It flows down through the fuel assemblies, up through the moderator
space, and ocut to two coolant loops. The heavy water is coocled by
bolling iight water in a steam generator in each lcop; Lhe steam pro-
duced is discharged to the atmosphere. A schematic diagram of the high




pressure ccolant system and the low pressure purification-makeup system
is shown in Figure 5. The moderatcr pD is maintained at 10.5 with
1ithium hydroxide to inhibkit corrosicon of the mild steel piping and
equipment. The concentratlon of dissolved oxygen in the D0 is sup-
pressed by maintaining excess deuterium in the pressurizing gas. Ionic
impurities are removed by LiOD mixed-resin beds.
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Each outer test position can be fitted with a bayonet, a special
re-entrant pressure tube that 1solates the test position from the main
coolant system. Two bayonets were installed initlally, but one was
removed after fallure because of a vibrational problem. Each of these
pogitions 1s cooled by a separate 1solated coolant loop. All piping
and equipment in the locop systems 1s stainless steel. A schematic
diagram of the isolated coolant loops is shown In Figure 6.
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CHRONOLOGICAL SUMMARY

The bar chart in Figure 7 summarizes briefly the history of the
facility. The timing and content of the three major periods in the
lifetime of the facillty, (1) precritical test period, (2} low power
test period, and (3) power operation period, are described in this
gection. Results of tests are not reported except whereln they affected
the schedule. Results of tests were reported briefly in monthly power
reactor progress reports(e’ as they occurred.

PRECRITICAL TESTING - OCTOBER 1961 TO MARCH 1962

Major congtructlon of the facllity was essentially completed by
October 1961. As shown in Figure 7, five months were required for the
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FIG. 7 OPERATING CHRONOLOGY OF THE HWCTR



final assembly and installation of reactor components, equipment run-ins,
pressure testing, cleaning, and equipment and system performance tests,
The system was cleaned and tested initially with light water. A pro-
tective film of magnetite (FegQ,) was formed on the surface of all the
carbon steel piping and equipment in the high pressure system. This

was accomplished by operating at high pH {10.0 to 10.8) and high
temperature (200 to 260°C) in the absence of oxygen for twelve days.

Following these tests, the high pressure system was dralned,
ingpected, and vacuum dried to remove the light water from the piping-
vessel complex. System pressure was reduced to 30-40 mm Hg absolute
using two large vacuum pumps 1n parallel. Dew point measurements of
the discharged air indicated a minimum moisture content of 0.0035 to
0.005 1b/1b of dry air. Only 150 ml of water was drained from low
points in the high pressure system at the completion of a five-day
vacuum drying period. The low pressure systems and lsclated coolant
loops were rinsed with DpO. The rinse removed approximately 640 pounds
of H,0 and left about 5 pounds of Hp,0 in the varlous systems. By
February 11, 5603 gallons of 99.77 mole percent D0 had been charged to
the main storage tank for filling the reactor system,

A series of pressure tests and mechanical Improvements were made
to evaluate and to minimize leakage from the HWCTR containment shell.
These tests began in December 1961 and continued through January 1962.
In November 1960, after completion of the basic contalnment shell, the
leakage rate was 0.56% of the building contents per day at 24 psig.

A preliminary test, in early November 1961, showed a leakage rate of
8.4% per day at 24 psig. A serieg of twelve leakage tests, each
followed by repalr efforts, resulted in a final leakage rate of 0.66%
per day at 24 psig internal pressure.

The reactor internal parts (top shield, guide plates, guide tubes,
and isolated loop bayonets) were installed, and photographs were taken
of pertinent inaccessible parts and assemblies for future reference.

On February 6, after satisfactorily compieting performance tests with
the fuel transfer coffin, the charging of all reactor components except
fuel was begun; these components lncluded housing tubes, shleld muffs,
safety and control rods, and an internal gamma flux monitor, This work
was completed by February 16, 1962,

Upon completion of the charging of reactor components on February
16, 1962, about ten days were devoted to general performance and
hydraulic testing of the system, These tests lncluded leak rate
measurements, vibratlon measurements, pump performance, flow decay, and
tests of the polson inJection system. Except for mlinor mechanical and
instrument difficulties, the only major deficliency was assoclated wlth
the injection times and injection pressures of the poison injection




system., Pendlng redesign of the system, the problem was resolved for
the low power test pericd by specifying different injectlon pressures
for the twe cases where the reactor was pressurized and unpressurized.

At the end of February 1962, preparatlons were begun for the
initial-critlcal test. These included: charging two Sb-Be neutron
source rods, installing two BF5; lon chambers in the reactor core, final
calibration and testing of all safety circults, and thorough cycling
and testing of the safety and control rod drives.

INITIAL -CRITICAL, LOW POWER TESTS, AND MODIFICATIONS

The specific objectives for this period were: (1) to achieve the
initial eritical, (2) to measure the margin of control, (3) to measure
the worth of the control and safety rods, (4) to measure the flux
shapes in a variety of rod configurations and conditions, (5) to measure
the migration area, 'and (6) to measure the static temperature coefficients
for the lattice., Details and results of these tests are reported in
DP-967.(®) The initial criticality was achieved at 11:31 PM on March 3,
1962, The reactor was critical for about 130 hours during March and
April for these tests.

During the course of the low power physics tests, steady state
and transient hydraulic characteristics of the system were determined
at system pressures up to 1000 psig and moderator temperatures up to
240°C. During this period, minor difficulties were experienced with
loose bottcom fittings on safety rod gulde tubes, broken actuators on
rod drive switches, falled plston rings on the helium recompressors,
and electronic nolse in the log N-period circuitry. ZRepairs and
redeslgn corrected adequately these difficultles.

Toward the end of the low power physics tests, a relationship
between the operating conditions of the hydraulie system and nuclear
reactivity was discovered. Investigation revealed that volds were
formed 1ln the core region of the reactor by aspliration of helium
through the control and safety rods and by dissclution of helium from
the moderator. The results of these investlgations and the subsequent
modifications made to the reactor system to eliminate these phenomena
are described In DP-988, (4!

In brief, nuclear and hydraulic tests in late Aprll and early
May showed that hellium was asplrated from the gas space 1in the upper
part of the reactor tank Into the core region through the cooling holes
in the guide tubes and rods at a number of rod configurations and/or
reactor water levels. BSubsequent tests in a hydraullc mockup of these
agsemblies showed that the aspiration could be eliminated by slotting
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the guide tubes to provide a direct path for coolant flow to the rod
with the rod at any elevation and by providing additional holes in the
rod extensions and rods teo provide a direct path for coolant flow
through the rods.

Several tests were performed at high temperature and pressure
conditiong to investigate the problem of dissoluticn of helium from the
moderator in the reactor core. These tests showed that the coolant in
the neck section of the reactor was nearly saturated with helium. The
gsubsequent pressure loss and temperature rise across the fuel could,
at some conditions of power operation, result in the moderator in the
core region belng supersaturated with helium. Any subsequent collapse
or reduction in voids caused by pressure increase or flow decrease
would, in effect, add an increment of positive reactlvity to the lattice,
Measurements of the rate of helium transfer to the moderator from the
gasg space, with and without a temporary baffle in the neck section of
the reactor vessel, showed that the baffle would reduce the eguliibrium
concentration of helium in solution to a point that vold formation would
not be possible in the reactor core at the anticipated reactor operating
conditions.

The above tests and the subsequent design and component modifi-
cation took place in May and June 1962. Part of the month of May was
also devoted to completing some design modifications to the 1solated
coolant lcops and the polson Injection system.

A series of hlgh temperature hydraulic tests was conducted between
July 1 and 13, to evaluate the effectiveness of the modlfications made
to eliminate the formation of volds in the moderator. These tests
indicated that the changes which had been made to the control and
safety rods and gulde tubes eliminated aspiration of helium into the
moderator under all condltions and that no gas entrainment occurred as
long as the water level was malntained above the new gas baffle in the
neck section of the reactor vessel, Measurements of the helium solu-
tion rate and disscolved gas concentration showed that these values were
sufficientiy low to permlt operation at design conditions without
helium dissolution from the moderator anywhere in the system. The
equilibrium gas concentration in the moderator in the neck section of
the reactor vessel at operating temperature and pressure was about
60% of saturation,

The hydraulic tests in the boiling and liquid isclated loop were
also completed during this periocd.

All driver fuel and low power test fuel were recharged to the

reactor between July 14 and 17. A series of low power physics tests
was then begun to verify by nuclear measurements that no voids existed
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in the moderator and t¢ redetermine basic physics data which might have

been affected by volds during previcus tests.

These tests confirmed

that voids dld not exlist and furnlshed the necessary data for correcting

previous test results.

These tests comprised seventeen critical runs

and were concluded on July 27, 1962, thus completing the second major

period 1n the operatlion of the facility.

POWER OPERATION AND FUEL TESTING

Bar chart summaries of thils period, from July 1962, through

are shown in Figures 8 through 12.
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——— L ow powef ruyn to medsute margin of contral
~+— Three scrams caused by control respense on feedwater valve

oL

et
) ws— Plugged impulse line; No.! gensrator control
- Spurious alarm on temperature monitor
=3 ~e——— Spurious alarm on temperature monitor.
Shutdown during recovary by excessive dissolved helium
o in modérater. Scram during second recovery from
= impraper setting on safety circuit.
P
&
wa—— Shutdown to allow fuel shipment from bosin
3
3
s~ Scram from volitege surge on 115.kv line

=
Z }= " Shutdown for bearing failure in main pump motor and subsaquent failure of

an oxide test fuel element. Begon scheduled outage for instalation of new

monitor pin thermocouples, repairs and tasting of containment system,
2 | installotion of iodine absorbers, revised feed water control systom

on steam generators, tube seal repairs in steam generators, additional

instrumentation, preporation of liquid loop for nuclear operation,
8 1 inspection of squipment, and othst minor design modifications.
g
%)
e ~s— Three scrams: gensrator water level high, rod reversal from icop AT, and spurious.
L2 ¥ "
- - Scram from operoting error

T~ Shutdown for failure of oxide test element B
= ST == Shutdown for failure of oxide test alement
- - - w  =t— Spuricus scrom

4 o Shutdown for failure of oxide test element

Necessary to design spacial discharge tools when top fitting
wos found ta be separoted from housing

U TICTEY %)

i

[

i Discharge failed assembly successfully
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N Completed dis-l:hﬂrg. of failed housing tube; inspected segmented oxide tuel
for vibration damage; reploced top fuel piece in four tast assemblies with
-~ dummy fuel sections having hydraulic stablizers.

= ————— Shut down by spuriouvs failure alarm

—=— Shut down to investigote D50 Joss.

a———Shut down to investigate excessive D0 loss

«— Spurious scram from temperature monitor

™ Shut down to repoair D0 leak at fluid swirch

\

Scram from spurious clarm on fuel failure detector. During
startup preparations, excessive dissolved helium Isad to
discovery of failurs in the beiling loop boyonat. A hole in

the bottom of the bayonet allowed gas from upper gas

space 1o flow inte core region of reactor, Special tools were
designed to remave the bayonst in two pieces 12 oilow
w———"" dischorge of core region of bayonet by the fuel tronsfer coffin,

= Shutdown from slime plu age in CW side of purge cooler

Shutdown from power surge on 115 kv line

300 1o 500 R./hr measured on pipes and vessels in ICL systam,

-—

Shutdown 18 remove housing tube from liquid loop bayonet

\ Shutdown ofter pump casing failure on cooling water well. Evidence of a fusl failure
observed after shutdown, but tests failed to locate any failure. Decision was made
to terminate first driver cycle ond to reploce cll driver elements. Accumulated
exposure on first driver set was 6268 MWD. Three low power [ 10%kw ) runs were made
to measure reactivity condition of old and new driver lattice on Dec. 5, 10, and 22.
CycleH -2-1began on Dec. 29 with power level of 26 MW at end of year.

P

= Subsequent acitivity analysis showed failure of oxide test element

\ Failure of oxide test element in liquid leop. High radiation intensitiss,

Cleanup delaysd by deionizer pluggage. Deionizers reploced twice
during cleanup. All octivities near normal ofter 15 -day cleanup peried.
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Shutdown caused by difficulties with feedwater
control system ond replacement of wreng control rod
charged in December.

s

2
LR
L ]
I
|- Shytdown by tecking tube in stecm genorator. Repaired steam gensrator
and completed work for planned cutage,.including test fuel inspections
and lottice changes by Februory 23. A non -acclear heatup, begun
L on February 23 but discentinved ot 165°C when the D,0 flow suddenly
decreased. Inspection revecled exrensive debris in system and pluggage
of fuel alement screens from disintegration of plywood, Masonite block
— left in steam generator outlet line ofter repairs in sarly February.
Clesn -up of particulate and dissolved material from the system
accomplished by filtration -deionization, underwater vacuum cleaner, and
- use of retrieval tools. Clean-up complete by March 16,
g Beginning March 15, o non -nuclear heatup to 200°C was planned to obteoin
L_ isothermal thermocouple data, Test was successful bur during cooldewn
on March 19, a mechanicol saal on one of the loop pumps failed.
About 1500 1b D0 overflowed the seal collection system. Cleanup and seal
replacement accomplished in seven days.
r_--——- During preparations for nuclear startup on April 2, unusually fost safety
rod drop times lad to the discovery of split guide tubes in four of
the six safety rod positions. All six guide tubes replaced between
April 3 and Aprif 13. Other Zincaloy components inspected with
borescope and no change found.
=4 During guide tube work, discovered two broken bolts on gas baffie support
legs. Mecessary to devise internal shielding to permit removel of baffle.
Boaffle support rodesigned and instaliation completed by May 4.
_JReium of system to normal completed by May 10,
i Shutdown to investigate low flow through one element - found trash
“""on muff - screen. Replaced one pump sesl due to high leakage. x
'\ Shutdown by tube failure in No. 2 Steam Generator -indicoted :
leakage rate of 200 lb/doy. Plugged tube - attempt to remove
failed tube was unsuceessful
\ Shutdown by failure of oxide test element during
| power ascension . Total exposure on element less than
one full power day.
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During the remalnder of July and until August 11, breparations were
made for operation at power with driver fuel only. This period included
four days for extensive revision to the discharge piping of a high pres-
sure injection pump in the D,0 make-up system. Severe vibration in a
long section of unbraced piplng caused fatigue fallures in two stainless
steel tee connections; also, the tees contained stress-ralsing notches.
Rerouting the piping, installation of liquid pulse traps (snubbers), and
adequate bracing reduced the vibration to acceptable levels.

Initial-power operation was begun August 1l, and the reactor was
operated at about 60% innage until the end of the test periocd on _
September 7. The objectives of the power tests with driver fuel only
were: (1) to establish that all equipment operated properly, {2) to
demonstrate that the reactor could be operated safely within the
established limits, (3) to determine the adequacy of operating pro-
cedures, and (4) to obtain technical data necessary for future
operatlon,

The major cause of lost time during this test pericd was bearing
failures in the DC motor on one of the main ecirculating pumps. The
upper (ocutboard) ball bearing became damaged and selzed, causing the
outer race to rotate in its retainer in the end-bell. The inltial
cause of the trouble was not apparent but was presumed to be either a
faulty bearing or some slight mls-seating during the initial instal-
lation., The motor was repaired and returhed to service, but the upper
bearing again falled after three days of service, Investigation showed
that the lower (inboard) bearing was not properly seated on the shaft,
causlng undue thrust on the upper bearing.

On three occaslons during the initial-power run, diverging oscll-
lations occurred ln the 1ndicated water level in one of the steam
generators and in the reactor power. The water level oseillated as
much as #4 inches and the power as much as 25 . In each case the
oscillations were stopped by adjustments of the level controller.

The test program with driver fuel only was concluded September 7,
and during the remainder of the month preparations were made for the
first irradiation of test fuel elements in the HWCTR. In addition to
preparation and charging of test fuel assemblies, the following major
work was accompllshed:

1) Two new systems for the detection of fuel fallures were installed.
One type, a delayed neutron monitor, was installed on both the
main system and the isolated coolant loopsg, The second type, a
scanning liqulid photoneutron monitor, was installed to monitor
sequentlally the activity in the effluent stream from each of
the ten test fuel posiltions.

- 17 =




2) A spare compressor for helium was installed.

3) Performance tests were made on the primary D,0 rellef wvalves,
and additional dbracing was lnstalled.

4) The hydraulic system was operated, and moderator was heated to
240°C on pump heat to calibrate system thermocouples.

5) A ten-point continuous temperature monitor was installed for
the test fuel posgitions in the main system

Containment leakage tests were conducted during the last week in
September. These tests indicated that the leakage had lncreased from
0.66% of the building contents per day, as determined in January 1962,
to about 4% per day. Details of these tests are reported in DP-968, (s)
The declsion was made to permit nuclear operation wilth thls leak rate
while modifications and repalrs tc the contalnment system were studied.
Operating limlits were imposed, however, at a power of 45 MW and a total
exposure of 4500 MWD for the fuel charge. These values were calculated
to keep the quantity of radiocactive materiﬁl released from the buillding
following a maximum credible aceident within the values of the example
given in the hazards evaluatlon report, DP-600, ()

Nueclear operation with test fuel In the reactor was begun on
October 5,

Test Fuel Cycles”

Figures 8 through 12 show, in brief detaill, the reactor power
level and the major causes of shutdowns and cutage time for the period
of power operatlon of the reactor, beginning August 11, 18662, and
ending December 1, 1964. TFigure 13 shows the reactor innage, by month,
and the accumulated innage for thls same perlod of operation. Reactor
innage, as used In thils report, 1s defined as the ratio of the time
the reactor was critical to the avallable time in the period concerned,
expressed as a percentage.

*The terminology H-1.1l, H-1.2, ete, was glven to consecutlve reactor
test cycles between shutdowns for test lattice changes during the
1life of the flrst charge of driver fuel. Starting wlth the second
charge of drivers, the cycles were numbered H-2.1, H-2.2, etec.

-18.
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FiG. 13 HISTORY OF REACTOR INNAGE

Table I 1lists the starting and ending date for each reactor cycle
and shows, by reactor positicn, the test fuel assemblles in each of the
reactor cycles. Table II briefly descrlbes each of the test fuel
agsembllies. The operating characteristics and performance of these
test fuel assemblles were reported in progress reports,‘gj and will not
be reported here except where their performance arffected the reactor
schedule,
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HWCTR Cycles and Test Fuel Positicns

TABLE I

Starting Ending Reactor Positions(®)

Cycle Date Date 7 381%) 39 40 L2 55 56 57 58 59 60
H 1.1(°) 10/5/62  11/27/62 CaNDU -— TWNT-5 S0T-1-2 OT-1-2 THNT-11 TWNT-14 TWNT-G  TWNT-12 TWO-1-2 TWNT—'T(d)
g-1.1(%) 12/2/62  12/9/62  CANDU -- TWNT-5 50T-1-2 OT-1-2  TWNT-11 TWNT-14% TWNT-9  TWNT-12 TWO-1-2 THNT-13
H-1,2 12/i9/62 12/26/62 CANDU -- TWNT-5 S0T-1-2 OT-1-2  8S0T-2-3 Tm~lu(d) TWKRT-9  TWNT-12 TWQ-1-2 TWNT-13
H-1,3 1/6/63 4/3/63 CANDU -- oT-1-4 80T-1-2 OT-1-2  S0T-2-3 80T-1-3 0T-1-3 0QT-1-5 B80T-2-2 0T-1-6
H-1.4 5/18/63 5/31/63  CANDU or-3-2 ETWO-2 SoT-1-2 OT-1-2  80T-5-2 807-1-3 SMT-1-2 OT-1-5 sor-e-z(‘“ 0T-1-6
H-1.5 6/6/63 6/7/63 CANDU 0T-3-2 ETWO-2 S0T-1-2 OT-1-2  S0T-5-2 30T-1-3 gMT-1-2 OT-1-5 OT-1-3 0'1‘-1-6(")
H-1.6 6/11/63  £/20/63  CANDU 0T-3-2 ETRO-2 S0T-1-2 ETWO-3  SOT-5-2 507-1-3 SMT-1-2 OT-1-5 01-1—3(") 0T-1-2
H-1.7 7/13/63 8/25/63 CANDU or-3-2 ETWO-2 80T-1-2 ETWO-3  S0T-5-2 80T-1~3 SMT-1-2 BS0T-1-% 0T-1-7 SMT-1-3
H-1.8 9/22/63 9/28/63  CANDU (e) ETRO-2 S0T-1-2 EIWO-3 so'r-s-e(d) 80T-1-3 SMT-1-2 SOT-1-4 OT=-1-7 SMT-1-3
H-1.9 10/3/63 10/29/63 CANDU scrr-'r-z{d) ETWO-2 80T-1-2 ETW0-3 OT-1-2 80T-1-3 SMT-1-2 B8OT-1-k OT-1-7 SMr-1-3
5-1.9("} 11/18/63 11/19/63 CANDU () ETWO-2 80T-1-2 ETWO-3 0T-1-2 30T-1-3 SMT-1-2 S0T-1-4 0T-1-7 SMT-1-3
H-l.g(e) 11/23/63 11/29/63 CANDU -- ETWG-2 soT-1-2 ETW0-3 Or-1-2 50T-1-3 SMT-1-2 80T-1-4 OT-1-T SMT-3-3
B-2.1 12/29/63  2/h/64 CANDU 50T-6-2 -- 80T-1-2 OT-1-% o07-1-2 RMT-1-2 SMT-1-2 SOT-1-4 0T-1-7 SMr-1-3
H-2.2 5/11/6% 5/31/64  CANDU sor-6-2 E!E:?__(_ﬁ_s)___ﬁ??;%ﬂ_.M%SET;?',LW | Bir-1-2 SMT-1-2  S0T-1-2 S0T-6-3 SMT-1-3
H-2.3 6/9/64 7/13/64 GAKDU(d) 50T-6-2 EMT-2(S3) SOT-1-4 O©OF-1-2 OT=1-7 FMT-1-2 SMT-1-2 SOT-1-2 - SMT-1-3
H-2.% T/26/64 8/7/64 -- S0T-6-2 EMT-2(Zr) SOT-1-3 0OT-1-2 S0T-6-3 RMT-1-2 SMT-1-2 S0T-1-2 -- SMT-1-3
H-2.5 8/a25/64 10/31/64 TMT-1-3  SOT-6-2 807-8-2 TMT-1-2 S0T-8-3 S0T-6-3 S0T-1-4 0T-1-7 SCT-1-2 S0T-9-2 or-1-4
H-2.6 1 o0/68 12/1/6% THT-1-3  SOT-6-2 S0T-8-2 THP-1-2 S50T-8-3 EMT-2{zr) S0T-1-4 SMT-1-3 SOT-1-2 80T-9-2 RMT-1-2

(a.i Position 31 was occupied by the bolling-cooled isolated coolant loop and was never used for fuel heating.
(b) Position occupied by the liquid-cooled iaclated coolant loop.

{e) H-1,0 started 3/3/62 and ended 9/7/62.
power operation.

{d¢) Fuel element failure,
(e} Gamma heater tube,

{f} Rousing tube.

Zero-power fuel for flux measurements; drivera only for initial



TABLE II

Test Fuel Identification

Deslig- Unit No.
nation Shape 0D, in. ID, in. length, in. Units Fuel
CANDU 19~-rod 0.600 - 19% 5 Natural UO; sintered pellets in Zircaloy-AECL
bundie each
TWNT 2-conc~ 2.06 1.70 118 2 Two thin-walled tubes of unalloyed natural
tubes 1.02 0.66 metal
50T-1 Tube 2.06 1.47 14 7 1.5% enriched U0, vibrated and swaged in
Zircaloy
0T-1 Tube 2.06 1.47 118 1 1.5% enriched UQ, vibratory compacted in
Zircaloy
TWO=1 Tube 2,06 1.70 113 1 Thin-walled tube of unzlloyed natural uranium
metal
30T-2 Tube 2.12 1.16 13% 8 Natural U0, vibrated and/or aswaged in Zircaloy
2.15
1 ETWO Tube 2,06 1.70 120 1 Unalloyed 2.1% enriched metal tube
EE SMr~1-2  Tube 1,76 1.24 113 10 Natural uranlum alloyed with Fe, Al in Zircaloy
1 0T-3 Tube 2.06 1.47 118 1 8ingle tube of vibrated and swaged natural UO,
50T-6 Tube 2.54 1.83 14% 7 Natural U0, vibrated and swaged in Zircaloy
RMT-1 Tube 2.07 1.57 120 1 Unalloyed natural uranium in 60-mil Zircaloy
) : cladding
EMT-2 Tube 2,06 1.7¢ 37 1 3% enriched uranium alloyed with 1.5% Mo in
Zircaloy
OT=-9 Tube 2.54 i.83 CoO1%fF 7T T1.2% enriched U0, vibrated =id swaged in
Zircaloy
TMT~1 Tube 2.55 1.85 g8 1 1.5% 235U in thorium core in Zircaloy
sS0T-8 Tube 3.67 2.99 13 7 1.2% enriched U0, vibrated and swaged in
Zircaloy
SMT-1-3 Tube 1.70 1.2% 113 5  Natural uranium alloyed with Fe, Al, 51 in
Zircaloy
S0T-5 Tube 2.125 1.065 pLES 8 Natural UO, vibrated and/or swaged in Zircaloy

2.150 1.080



Reactor Cycles H-1.1, 1l.la, 1.2 (Figure 8)

Reactor operation for cycle H-1.1 began on October 5, 1962, and

terminated on November 27. Reactor Innage during this cycle was LW&7,
and total reactor exposure was 715.8 MWD. The following flve causes
accounted for the 24.4 days of outage during the cycle.

1.

Replacement of a defectlive mechanical oll =eal In the No. 2
clrculatirng pump took approximately three days. A defective
O-ring around the stationary face of the seal caused the
fallure.

Operation was delayed for about fifteen days because of two
deficiencies in the monitor pln thermocouples: (1) Water
was found inside the thermocouple sheath, The source of
water was not found but presumably was introduced in the
manufacturing process. During temperature operation, this
water leaked from the end of the sheath and wet the terminal
connectors, (2) Loose or dlsconnected thermocouple Junctions
were found in five of six thermocouplaes that were examined.
The Junction had been made by sllver goldering the thermo-
couple wires to a stalnless steel cap and then welding the
cap to the sheath. The heat from the welding caused the
wires to locsen in the cap. The defectlve thermocouples
were replaced, and new thermocouples df a better design

were ordered.

The glass face 1ln a rotameter in the high pressure system
falled during nuclear coperation of the reactor at 1 MW,

133°C, and 1200 psig. The rotameter was rated at 1500 psig and
490°C. The fallure was attributed to mechanical stresses
introduced during maintenance work on the rotameter a few days
before the failure. Approximately 4100 pounds of Dp0 was lost
from the system, of which 3200 pounds was collected as degraded
materlal. Cleanup and minor revisions to the piping to elimi-
nate all glass rotameters from the high pressure system took
1-1/2 days. '

Fallure of the helium recompressor to maintaln system pressure,
and subsequent maintenance time, caused three days lost time.
Performance tests with bronze and glass-filled "Teflon"* rings,
carbon-rilled "Teflon" rings, and glass-filled "TeFlon" rings
were undertaken. The glass-filled "Teflon" rings gave the most
satisfactory performance and were lnstalled on the fourth stage
of the two compressors.

Approximately ©.5 day was lost from a scram caused by an
operating error during maintenance work on instrumentation.

*Trademark of E, I. du Pont de Nemours and Co, for fluorocarbon
resins.
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Cycle H-1.1 was terminated on November 27, 1962, by the first
fuel failure in the test program, The test element contalned two thin-
walled tubes of unalloyed natural uranium metal. Uranium released to
the process system was quite small, and no contamination or cleanup
problem regsulted. The falled element was replaced by an identicsal
assembly.

Reactor operatlon for cycle H-1.la began on December 2. Reactor
innage during this cycle was 93%, and total reactor exposure was
222.7 MWD. The lost time of approximately 0.5;day during this short
cycle was caused by a scram from a spurlous temperature signal and by
binding in a control rod drive unit. The cycle was terminated on
December 9, when analyses for tritium in the cooling water indicated
a Dy0 leak of about 5 1b/day from the No. 1 steam generator. Testing
and attempted repalrs to this generator took about 10 days. |"Freon"*
and soap bubble tests showed many leaks between the tubes and the tube
sheet, mostly at poroslties that exlisted in the seal welds. Eleven
tubeg were rolled to a depth of four Inches in the tube sheet. BSubse-
quent tritium analyses indicated that the leakage was about 2.5 lb/day.

During the shutdown for steam generator repairs, a natural uranium
metal element, similar to the one that failed on November 27, was
removed for inspection and was replaced by a U0, test element, Cycle
H-1.2 was begun on December 19, and was terminated on December 26 by
failure of the second test fuel assembly of uranium metal. Reactor
innage during the cycle was 93%, and reactor exposure wag 161.4% MWD.

As out-of-pile investigations of the first fallure indlecated that the
twisted ribbon spacer employed on these two faliled assemblles was the
most likely cause of failure, the remalning five test elements employing
this spacer concept were discharged and replaced by UOp test elements.
Two manual scrams accounted for the approximately 0.5 day lost time
during the cycle. The first was required'when the feedwater control
system did not respond during the temperature asscension on December 19,
and the second occurred when a clugter rod was found unlatched and in
the full-in position.

After charging of the new test fuel was completed, a zero-power
critical was conducted on Janudry 4 to measure the reactivity worth of

the test charge.

*Prademark of E. I. du Pont de Nemours and Co. for fluorinated
hydrocarbons,
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Reactor Cycles H-1.3, 1.4, 1.5, 1.6 (Figure 9)

Reactor cycle H-1.3 began on January 6, 1963, and terminated on
April 3. Reactor 1lnnage during this cycle was 95%, and reactor exposure
was 3095.8 MWD. Power operation during this cycle was interrupted by
ten shutdowns, which account for the 3.5 days lost during the 87 day
perlod. Causes for the shutdowns were:

1. Four shutdowns were necessary for work on the steam generator
level countrol system. This instrument had given conslderable
trouble since the 1lnception of operatibn. The orlginal control
system, a water level transmitter coupled directly to the feed-
water valve resulted in power oscillations because of the close
coupling between reactor power- moderator temperature - heat
removal capacity of the generators. This system was modified in
early January, after three shutdowns wlthin three days, by the
installazﬁon of a cascade (two-element) control system. In this
instrume system, the level indlcatlon from the steam generator
adJusted the set point of a constant flow controller on the
feedwater valve. In thls manner, the direct coupling between
the level in the steam generator and the opening of the feedwater
valve and the attendant oscillations were eliminated., This cas-
cade system was not satisfactory for startup and shutdown because
of the range of flows and temperatures?encountered, but when used
in combination with an option to revert to the original level
control system, satlsfactory operation was realized.

2. Three shutdowns were caused by spurious alarms on the temperature
monitor, One was the result of improper setting of the alarm
point; the other two were cauged by external voltage fluctuations,
such as switching motor-generator. sets which reflected through the
power supply for this instrument. Improved power supplies were
installed for this instrument.

3. The remaining three shutdowns were caused by: excessive dissolved
helium in the moderator during the scram recovery on February 8,
need to transfer irradiated fuel assemblies from the basin in the
contalnment bullding to an Iinspectlon faclllity at another site,
and a voltage surge on the incoming power line when a Plant 115-kv
power line broke.

The cycle was terminated on April 3, when a manual scram was
initlated because of hlgh temperature in a bearing in the No. 2 AC
motor. The bearing fallure was attrlbuted to a comblnation of sludge
in the o0ll reservolr and insufflcient clearances between the rotor and
the face of the upper thrust bearing.
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Approximately three hours after the shutdown for the bearing
failure, an appreclable release of radicactivity in the process water
was observed. As the activity release did not opcur until after normal

procegs water flow had been stopped, some difficulty was experienced in

locating the falled element.

The falilure was located by stopping all

flow through the fuel assemblies, thus allowling the element to heat
up from decay heat, then re-establlshing a small flow through the
elements and guickly sampling the fuel effluent from each test fuel

assembly.

located,

and test fuel inspectilons.

Five such attempts were necessary before the fallure was

After discharge of the falled element, it w@s decided to remain
shut down for a serles of scheduled tests, equipment modlficationsg,

This scheduled work took place over the

next forty-five days and 1s delineated briefly in Teble IIT.

TABLE III

Majer Shutdown Joba, H~-1.3-1.4% Outage (4/3 - 5/18/64)

Major Jobs

Remarks

Discharge and inepect three test elements

T

New test elements (2 U-metal and 1 UOg) were
installed

2. Install 3% monitor pin thermocouples Thermocouples were callbrated in place bW non-
nuclear heatup to 200°C ‘
3. Install lodine absorbers in contailnment Detallp on these abasorbers are in references 1
building or 5
4. TInspect ICL preasure tube and charge first This fuel elsment was not part of the fuel test
test element to this loop progrem but was for startup of locp operation
5. Repalr leaking tube sheet in steam generators Attempted repair of 39 leaks by rerolling tubes
and peening seal welds
6. Install new or improved instrumentation for Included a third log N-perlod system, & new
flux monitoring and feedwater control fisslon counter, and replaced temporary feed-
water control system with permanent instrumen-
tatlon
T. Chemically clean shell side of steam Succesafully cleaned with 5% HCL-1% HF
generator
8. Inepect equipment, including rod drive assem- Deluge tank severely pitted. Cleaned mechani-
blies, transfer coffin, and deluge tank cally and refllled with water treated to
inhibit corrosion
9. Functional test polson injection system Satisfactory
10. Annual leak rate test conteinment building Pinal leak rate was 0.76% of bullding volume

368.4 MWD.

per day at 5 psig

Nuclear operation was resumed on May 19, and cycle H-1.% was
terminated 13.5 days later by fallure of an oxlde test element.
Reactor innage during the cycle was 87.5%, and reactor exposure was

Four scrams occurred during the cycle:

(1) two were

caused by the new cascade level controller on the steam generator -
minor adjustments were made ln the galn and time constants of the
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controller network, (2) spurious low cooling water flow signal, and
(3) an operating error in placing a scram instrument on-line after
maintenance but before resetting the scram relay.

The test element failure on June 1 och}red during the temperature
ascenslon following recovery from a scram on May 31.

The falled assembly was replaced and cycle H~1.5 began on June 6,
but was terminated less than 14 hours later by fallure of another
oxlde test element during the initlal powern ascension for the eycle.
Residual activity in the moderator from the fallure on June 1 obscured
the posltive ldentification untlil the reactor power had reached about
10 MW. Initial activity increases began thh the reactor power below
1 MW. :

Cycle H-1.6 began on June 11, but on June 20 operation was again
terminated by the failure of an oxlde test element. One scram, a
spuricus signal from a reactor rellef wvalve, occurred during the
second day of this cycle. Reactor exposure was 263.6 MWD, with an
innage of 96% for the 8.3-day cycle. 3

When an attempt was made to discharge ithe failed oxide element,
the top fitting of both the fuel plece and?the housing were found to
have falled. Thils assembly was charged to !'the reactor for the H-1.3
cycle in January 1963. It was discharged to the spent fuel basin in
April 1963, to galn irradiation space for other test assemblies.
Following the oxlde tube fallure on June 1, 1963, this assembly was
recharged to the reactor to contlnue its irradiation, whilch began
on June 6. During the recharging, the bottom fitting of the housing
caught on a receptacle in the spent fuel basin. An inspection, after
freelng the element, did not reveal any apparent damage, and it was
charged without further inecident, In retroéspect, this ineldent was
probably the cause of the fallure of these top flttings., Speclal
tools that could be inserted the full length of the assembly and
gripped at the bottom were deslgned and fabrlcated during the
following ten days. After testing in a complete dummy run of the
discharge operation, the fuel plece and the housing were dlscharged,
separately, without incident. Thils work was completed on July 5.

The broken top fitting on the fuel prompted inspectlons of other
test assemblies of similar design. The fuel top fltting and top fuel
plece of each of four segmented assemblies were replaced by dummy
sections because some damage was noted. The damsge was attrlbuted to
hydraulic vibration., Two full-length oxlde assembllies were dilscharged
to permit detailed inspections where wear marks were found in the
cladding near the tops of the fuel pleces.
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Reactor Cycles H-1.7, 1.8, 1.9, 1.9a, 1.9b (Figure 10)

|

Initial criticality for cycle H-1.7 was attained on July 13, and
the cycle was terminated on August 25, after a!resctor exposure cof
1123.7 MWD, Reactor innage during the cycle was 80%. Seven shutdowns
occurred during the cycle, to account for the 8.6 days of lost time.
Causes of these shutdowns were: one shutdown at the beginning of the
cycle to bring the dissolved oxygen in the moderator below the oper-
ating 1limit of 0.1 ppm; three shutdowns from sburious alarms; and
three shutdowns to investigate excessive D,0 losses (40-50 1b/day). .

Part of the investigation for sources of Dp0 loss was accomplished
by inspection of the system at 200°C and 1100 psig immediately following
& nuclear shutdown, Many minor leaks were dis¢overed under these con-
ditions. Most of these leaks were from valve packlng glands, monitor
pin nut assemblies, and instrument fittings in the high pressure systemn,

During startup preparationg, following the shutdown on August 25,
&8 problem was encountered with dissolved helium in the moderateor. The
dlssolved hellum content was about 1.5 times its normal value, and
changes 1n system pressure were followed by rapid changes in the dls-
gsolved hellum content in the moderator. The source of the difficulty
was a fallure of the unused bolling loop pressure tube. Under full
hydraulic flow, the pressure drop across the reactor core was sufficient
to cause all of the D0 in the pressure tube to flow through & hole that
had been worn through the bottom of the pressure tube, thus connectling
the gas space in the neck of the reactor with the core region of the
reactor. The remainder of August and the firgt three weeks in September
were requlred to discharge the falled pressure tube. Discharge of the
pressure tube, which was about 26 feet in length, required that it be
cut in half to allow dilscharge of the in-ecore portlion by the shielded
transfer coffin. Inspection of the pressure tube at an off-slte facility
a few weeks later showed that a ragged hole about 3/32 inch wide had
been worn through the one-inch-thick bottom forging of the tube., The
end bushing was found separated from the pressure tube and badly worn.
Apparently the bushing had been vibrating and rotating over a long
perlod of time, perhaps since its criginal installation. This vibratory
motion of the bottom of the pressure tube had caused an empty fuel tube
housing in the pressure tube to wear against the inside of the bottom
forging until a Jjagged rib on the houslng tube wore through the forging.

Advantage was taken of this extended outage to perform scheduled
inspections of some of the test fuel assemblles and to prepare an
experiment for the liquid-cooled isolated loop to permit measurement
of the gamma heating rate in a loop pasition.
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Nuclear operation for the H-1.8 cycle began on September 22, but
was Interrupted during the temperature sscemsion by an abnormal
effluent temperature from the liquid loop purge cooler. Inspection
showed that the shell side of this cooler was plugged with slime. The
cooler was flushed wlth a chlorine solution. This was the first
difficulty resulting from slime since steri}ization of the CW system
during the April shutdown. Operation was resumed on September 23, but
was terminated on September 28, when a flux!monitor trip occurred
during an electrical storm. Ioss of an off%site power llne caused a
voltage surge through the power supply to the area. Reactor exposure
for this cycle was 136.% MWD, with an innage factor of 63%.

Approximately 2-1/2 hours after reactor shutdown, a general rilse
in gas activity in the reactor building and in the process system
indicated a fuel element fallure. Sample analyses of coolant effluent
from the varlous test assemblies, using the "no-flow" method (described
on page 25), confirmed the failure and its location. The element was a
natural uranium oxide tube that had attained a maximum specific exposure
of 1620 MWD/ton. The element was replaced by October 2.

Cycle H-1.9 hegan on October 3, and extept for one hrlef inter-
ruption shortly after startup to lower the dissolved oxygen content in
the liquid loop moderator, continued until 1t was terminsted on
October 29 by fallure of the test element 1h the 1solated loop, Cycle
innage was 96.5%, with a reactor exposure of 1106.9 MWD.

The element that failed was made up of:short tubes of enriched and
natural uranium oxide and was an exploratory test of high heat ratings.
At the time of fallure, element and reactor:operating conditlons were:

Reactor power, MW ! 53
Moderator temperature, °C 200
Element max spec power, MW/ton 49
max spec exp, MWD/ton 1075
max heat flux, pcw/(hr)(ft®) 507,000
max [kdf, w/cm 65

Fallure instrument readings incressed from normal to full scale within
a few seconds after the fallure, Actlvity releases and radlation levels
in the reactor bullding were hlgher than from any previous or subsequent
fuel fallure at the HWCTR. A total of 6000 curies of Xe (133 and 135)
and 0,012 curle of I-131 were released to the atmosphere via the venti-
latlion exhaust stack. Several surveys of radlation from the liquid loop
plping revealed "hot spots” up to 500 R/hr at 1 inch,
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Maximum cleanup flow through the loop pur fication system was
begun lmmedlately and continued through most 03 November. Some activity
breakthrough and pluggage of delonizers were e*perienced, regqulring
replacement of the delonlzers on two occasions; Except for three
pockets of high activity in low veloclty areas Or dead legs of the
piping, loop activitlies were near normal by No?ember 18,

To permit further cleanup of the loop during nuclear operation,
an empty houslng tube wasg charged to the pressure tube to define the
normal flow channel, Nuclear operation was resumed on November 18,
but was shut down on November 19 to remove the housing from the loop
pressure tube, Results of the inspection of the bolling loop pressure
tube that was discharged in September became available at thig time and
showed that the empty housing tube it had contalned contributed to the
failure. Although there was no evidence of similar vibrations in the
liquid loop pressure tube, the housing tube was discharged as a pre-
cautionary measure.

Cycle H-1.9b began on November 23 and operation at powers up to
53 MW continued until November 30, when one of;the cooling water wells
falled. (The pump had been in service ~12 yealrs.) The pump casing broke
Just above the pump bowl and allowed the casink to contact the rotating
pump impeller. The pump was badly damaged and required replacement
before resumption of nuclear operation, !

Evidence of a fuel fallure was observed ihmediately after shutdown
on November 30, The radionuclides present in ﬁhe moderator were 4if-
ferent from previous fallures in several respects. The amount of flssion
products Xe and Kr were much less than previous fallures. The primary
fission product was iodine, No 2°PNp wes detebted, although all other
fallures that released appreciable lodine to the moderator also released
22%Np. These differences tended to exclude from consideration all fuel
elements except the driver elements, which contained enriched uranium
only. Several attempts to locate a failed driver or test element by
sampling the effluent from each element in the reactor were unsuccessful.

A late delivery date of December 20 for the replacement well pump
together with the possibllity of a falled driver element led to the
decision to terminate the first drliver cycle. Accumulated exposure on
the first driver charge was 6268 MWD, with a peak burnup of 1.826 atom %
flsslon (goal was 2.0%). Total reactor exposure was 7728 MWD.

Three low-power critical tests were made to measure the reactivity
condition of the old and the new lattice, and to measure the neutron
flux distribution In several fuel elements. These tests were conducted
(1) on December 5, with the lattice components existing at the end of
the H-1.9b eyele; (2) on December 10, with the same fuel components as
in Test No. 1, but with new control rods; and (3) on December 22, with
new driver element and scheduled changes 1n the test fuel lattice.
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Other major work items accomplished during this shutdown were:
(1) discharge and examination of the Sb-Be source rods, (2) inspection
of three test fuel assemblies, (3) in-core examination of the liquid
loop pressure tube, (4) annual 1500 psig pressure test of reactor
vessel, (5) continued efforts to repair tube-to-tube sheet seal welds;
59 seal welds were repaired by peening over the welds, (6) replacement
of the failed CW pump, and (7) installation of the permanent model of
the continuous temperature monltor., (Detalls of these tests are
described in the reports listed 1in reference 2.) The new model had
more stable and accurate electronic components and replaced a temporary
model in use since September 1962, |

Reactor Cycles H-2.1, H-2.2 (Figure 11)

Reactor operation for the H-2.1 cycle [began on December 29, 1963,
but was 1Interrupted on January 1, 1964, by difficulties with the feed-
water control system. During the subsequent startup, evidence of
helium aspiration into the reactor core waq cbserved, The center con-
trol rod cluster was found to contain a rod that had not been modified
to prevent gas aspiration. New rods had been charged to the cluster
during the December shutdown. The proper 4od wasg charged and startup
was accomplished on January 7. Operation continued until February 4,
when iIndications of a D0 leak into the codling water of the No. 1
steam generator necessitated a shutdown, ecause subsequent fuel
changes were made, thils terminated the H-2.l cycle. Cycle innage was

84%, and total reactor exposure was 1038.5 MWD.

Because previous experlences had shown that locating a heat
exchanger leak was facilitated if the vessel was dry, the shell side
was vacuum dried under heat for about 3-1/2 days. With the shell side
pressurized to 400 psig with nitrogen, a falled tube was located easily
by installing solld rubber stoppers in one side of the U-tubes and
stoppers with holes in the other ends of the tubes. The location of the
leak along the tube was determined by pushing a plug into the tube
untll leakage reoccurred. Although the tube was relatively accessible
from the secondary sgide, the hole could not be located visually. As
the proper tube removal tools were unavallable at the time, plugs were
welded in both ends of the U-tube.

In addition to the tube leak, 63 leaks were found iIn the tube-to-
tube sheet seal welds. OFf the 63 leaks, 43 had been observed during
the repalr efforts in December 1963, and 15 had been repalred by peening
the welds at that time. Ten of the 63 leaks Were peened shut,

After completion of other scheduled shutdowh work, s nonnuclear
heatup was begun on February 23 to obtaln isothermal calibration data
on gystem thermocouples. The test was discontinued on February 24, at
165°C moderator temperature, when the D,0 flow through the system
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suddenly decreased. Inspection showed that pleces of plywood,
,"Masonite"*,»and plastic were caught on the fuel element screens.

The investlgation showed that followlng repairs to the steam
generator earlier during the month, a line block had heen left
unintentionally in the D,0 effluent plpe of the! generator. When flow
was resumed in the system, the plug was swept through the ten-inch
line between the generator and reactor inlet and lodged against a
venturl meter in the line., The plug was undetected during operation
with cold flow and during the first part of the nonnuclear heatup.
When the moderator temperature reached about 165°C, the plug partially
disintegrated and fragments were swept through the venturi into the
reactor. Most of the fragments settled out in the upper part of the
regcetor. Screens over each fuel gssembly flltered out much of the
debris. ©Smaller partlcles rendered the entlre moderator turbid and
orange 1n color, In addition, the mocderator became contaminated with
dissclved organles.

Since the lnecldent occurred during nonnuclear operatlcon, no direct
hazard wasg involved. Assembly flow reductions were not so severe that
flow was inadequate Jor shutdown coocling.

Mest of the debris was removed from the system with the Initial
cleaning of the muff screens. 8Several subsequent screen cleanings
were made after the reactor was operated at full flow for several hours.
U-bolts that held the line block together were removed from between
the tank wall and the inlet baffle with a magnetic probe., Additional
material was removed wilth an underwater wvacuum cleaner, The initial
mass of the line block is compared with the mass recovered from the
reactor in Table IV. An unknown amount of the debris collected on the
delonizers in the purification system and 1s not ineluded in Table IV.

TABLE IV

Debris Hemoved from System After Iine Block Ineident

Magg Remove

Origingl Mass from System, ) Percent

Material in Plug, \2/) grams grams Removed
Plywood 480 306 o4
"Masonite" 180.7 118 65
Tygon tubing 67.3 28.7 43
Steel beolts, nuts, washers 2 unltse 2 units 100

(a) Based on a similar plug of an orlginal pair,

(b) Weight after drying., This weight does not include any allowance
Tfor {1) binder agent in original plywood, (2) differsnces in
moisture content, or (3) loss due to charring.

*Prademark of Masonlte Corp.
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Contaminants were removed from the moderator by flltratlon of a
10 to 15 gpm purge stream for several days. The stream was passed
first through a DOD resin bed which neutralized the normally basic
moderator and rendered the dissolved organics filterable. The organics
and the initlal turbldity were then satisfactorily removed by one-
micron fllters.

_ The final phase of the eleanup was conducted durlng another non-
nuclear heatup which began on March 16. Oﬁjectives of thils tesgt were
to complete the thermal breakdown of any onganic material remaining in
the system and to collect the lsothermal thermocouple data begun on
February 23. The turbldlty and organic codtent did not increase during
the heatup to 200°C; however, during the cooldown on March 19, a pump
seal In the lsolated coolant loop falled, and the subseguent chromato-
graphic analysls showed about 1000 ppm orgdnics. The cleanup of this
material was accomplished satisfactorily. By March 26, there had been
no detectable turbldlity, and the concentration of organics was <1 ppm.
All purification equipment used during the cleanup was then replaced.

The capacity of the leakage collection system was exceeded during
the seal failure on March 19, Approximately 1530 pounds of 100% D,0
at about 90% purlty were recovered from the building pumps. Dy,0 loss
was gbout 500 pounds. Inspection of the seal assembly showed some
foreign debris, and slight scoring of the geal faces and the base of
the throttle bushing. BExact cause of the fallure wag not establlished
but was thought to be fallure of the seal AP control valve. Cleanup
and seal replacement were completed by March 27,

Preparation for regumption of nuclear 'operation, which lncluded
recharging fuel removed during February and March, was completed by
April 2, '

During routine drop tests of the safety rods on April 2, conducted
as part of the nuclear startup, the drop times of one safety rod were
unusually short and were followed by a loud mechanlcal nolse when the
red bottomed., These symptoms indicated that normal mechanical and
hydraulic snubbing were not occurring. Inspection of the in-core
section of the Zircaloy gulde tube showed that the tube was split and
broken off where the tube dlameter was reduced to provide hydraulilc
snubbing. Subsequent testling and inspection showed that one other
gulde tube was split, and all six gulde tubes were replaced. Detailed
examinations then revealed that tweo more of the guide tubes were split.
All of the spllits originated at the reduced dlameter sectlion of the
guide tube.!®' Primary cause of the fallures, after two years of use,
was attributed to low-cycle fatigue caused by the strain pulse from the
pressure cycle during rod drops at elevated temperatures. Residual
stresses of 13,000 - 28,000 psi in the outer tubing surface contributed
to the fallures. Detailed results of this investigation are reported
in DP-971.(8) Replacement of the guide tube was completed by April 13.
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During the guide tube work, inspections in the reactor vessel
revealed that two of eight bolts that held the support legs for the
gas baffle had broken., Because the gas baffle had been installed in
the neck of the reactor vessel after the initial low power tests
showed gas entrainment in the core coolant, the baffle was not attached
to the vessel wall but was mounted on four support legs that were
bolted to the top of the flow distributlion baffle (see Figure 3).

l

The support structure for the gas baffle was removed and replaced
with one of increased strength and rigidity. This work involved removing
nearly all of the reactor internals down to thel reactor top shield;
thls was accomplished whille the 1irradiated fuel remained 1n the reactor.
Radiation up to a peak of 3.5 R/hr was reduced to 150 mr/hr, or less,
by uslng a lead-lined basket from which the work was performed and by
hanging lead strips around the inside wall of the reactor. Metal-
lurgical examination of the failed 17-4PH stainless steel bolts showed
that the failures were probably cauged by low-ductlility rupture from
overstressing durin§ Installation, in combinatipn with thermal stresses
during operation.’ This work was completed by May 4, and reinstal-
lation of reactor internals was completed by May 10,

Nuclear operation wes resumed on May 11. The total lost time
cauged by this succession of difficulties was 96 days. A program that
included a slow power ascenslon was planned for the H-2.2 cycle to
return the reactor to normal full power conditions. The objective
was to obtain assurance at each of several increasing levels of power
that the process system wae clean of debris from the llne block
incident. Also, the radiation intensity in the reactor core at these
intermediate powers was sufficlent, during the scheduled operating
times, to decompose extensively any pieces of organic materials that
might have lodged in the fuel assemblies., The flrst power plateau,

5 MW, at 200°C moderator temperature, was attained on May 11, Approxi-
mately 19 hours after reaching thls plateau, the reactor was shut down
when fuel element AP (flow) measurements indicated an 8% flow decrease
in one of the driver elements. The remains of a lead pencil were found
on the muff screen above this element. No other debrls was found on
other muf'f screens or on the top shleld.

Prior to the above shutdown, erratic leakage through the No, 1
main pump seal occurred, ranging from a few drops per minute to about
3/4 gpm. Because of the erratic leakage, the high leakage rate, and
the long period of service on this seal (approximately 19,000 hours
since its installation in January 1962), the seal was replaced.
Examination of the seals revealed some clrcumferential scoring in the
bronze and tungsten carbide faces.

Criticality was attained on May 17, but the reactor was agaln
shut down on May 19, from a power of 12 MW when indications of a
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200~1b/day tube leak occurred in the No. 2 steam generator. The gener-
ator was not heated and vacuum drled as during previous repalrs. Both
the primary and secondary systems were draihed and the shell was pres-
surized with N;. The leaking tube was located readily. The locatlon
of the leak along the tube was approximateﬂy edjacent to the location
of a baffle plate but Interference from a ceooling water inlet sparger
prevented observation of the leak. Attemptils to remove the tube for
inspectlon were unsucecessful as the cuttinéstool broke off inside the
tube and could not be removed. The tube wﬂs plugged and seal welded.

Nuclear operation was resumed on May 2%, and a power of 23 MW was
attained on May 30, The H-2.2 e¢ycle was terminated on May 31, by
fallure of an oxlde test element. As the initial power ascensglon for the
cycle was never consummated, thils particula# element, which was charged
during the flrst part of May, had been in the reactor less than one
full power day. Inspection showed the cause of failure te be a fabri-
cation defect. During this 19.8-day cyecle, innage averaged 22%, and
total exposure was only 30 MWD.

Reactor Cycles H-2.3, 2.4, 2.5, 2.6 (Figure 12)

Nuclear operatlon for the H-2.3 cycle began on June 10, and
reactor power wag stabllized at 28 MW. This power level was scheduled
for 48 hours as part of the resumption of aperation following the line-
block inecident. A lightning strike on the '13.8 kv feeder line to the
ares caused an electrical power interruptlon and a reactor scram on
June 12.

Following the electrical failure, the No. 2 pump in the lsolated
coolant loop could not be restarted. °‘All six shoes of the upper
thrust bearing were severely wiped, and the three shoea of the lower
thrust bearing were lightly scored. The bearing was replaced and the
thrust collar was refinished. The cause of the fallures was not
determined.

Operation was resumed on June 18, and contlnued at full reactor
power of 42 MW until July 13, when the reactor was sgain shut down
because of & tube fallure in the No. 1 steam generator. Immedliately
following shutdown, system radloactivities indicated that a fuel
element had failled, thus terminating the H-2.,3 cycle. Thls cycle had
operated with an 84.7% innage for an exposure of 1066.6 MWD,

In retrospect, an analysis of the records of the fallure detecticn
systems Indlecated that the fallure may have occurred as & small defect
during the first part of the H-2.3 cycle. Radionuelide and gamma
gpectrum anslyses had indlcated a neptunium pesk as early as June 22,
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but, since the peak remeined constant, the reagtor was not shut down.
Although the fallure locatling system showed four identiflsble peaks
from the same reactor position in the hour foliowing shutdown, the
indexing mechanism malfunctioned and indexed tg an unknown point; hence,
the ldentification of the falled position was dnknown. S1x no~flow
heatup tests were run in attempts to locate the falled element. The
results were not definitive but showed two eleﬁents as most suspect.
Thege two elements were discharged and placed in isolated containers
filled with uncontaminated water. During disc&arge, a gas actlvity
monitor agsoclated with the transfer coffin vent increased by a factor
of 40 for one of the elements. Water samples from the lsolated con-
talners confirmed this result. The falled element was an oxide rod
bundle being irradiated under the USAEC-AECL Cooperative Program,

Tritium analyses of the generator blowdown at the time of shut-
down on July 13, indicated a maximum leak rate of 17 1b Dy0/day.
Numerous attempts to locate the leak by pressurlzing the shell with
nitrogen were unsuccessful. The defective tube was located by adding
"Freon" to the nitrogen and using a helide detector. The tube was
plugged and seal welded.

As thls was the third tube fallure within a six-month perled, a
. detailed inspection of the secondary slde of both steam generators was
" made, Inspections during February 1964, following the first tube
failure, had shown only minor pitting, with a maximum pit depth of
about 15 mils. These plts appeared to be healed and no tubercles were
present,

The July 1964, inspections revealed severe pitting corrosion.
The meximum pit depth measured was 85 mils, and a number of pits 40 mils
to 60 mils deep were found. The tube walls Were originally 109 mils
thick., These plts were covered with tubercles (corrosion products)
indicating that the pits were active.

Treatment of the cooling water had always been entirely by chemileal
addition, using catalyzed sodlum sulfite for removal of digsolved
oxygen from the water supplled by deep wells in the area. A revliew of
performance data showed that the sulfite residual had always been maln-
tained greater then 10 ppm. However, the particular brand of sulfite
in use since October 1961, had been changed early in 1964, Tests of
the efficacy of the two brands of catalyzed sulfite showed a slow
reaction time for the sulfite used during 1964, and it was concluded
that thls sulfite falled to remove dlssolved oxygen from the feedwater
with sufficient rapidity to minimize c¢orrosion in the steam generators.
Use of the orlginal brand of sulfite was reinstituted. This problem
is discussed in more detall in DP-964,(®}
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Nuclear operation for the H-2.4 cyecle began on July 26, and
continued without lnterruption until terminated on August 7, for a
scheduled outage to perform driver and test) fuel inspections, to per-
form the annual contalnment leakage test, and to continue the inspec-
tion of and repairs to the steam generators. Exposure for the cycle
was 471 MWD, i

Inspection of the steam generators during the July shutdown had
indicated that a possible cause of previous|tube fallures, besldes the
oxygen pltting attack, was the feedwater inlet sparger. This sparger
was slightly bowed and pressed against the tube bundle in both gener-
ators. A redesigned sparger, smaller in dlémeter, was installed in
both generators. A section of the tube that falled on May 19, was
removed and inspected. Thls fallure was caused by crevice corroston
under a support baffle.

Other work on the secondary coolant system accomplished during
this outage included cleaning and sterilizing the miscellansous heat
exchanger system to reduce the bacterial count and slime problem that

had periodically plagued thls system.

The annual leakage rate test on the contalnment bullding was
conducted on August 15 and 16, The observed leak rate was 0.63% of
the bullding content per day at a pressure ¢f 5 psig. This rate is.
about 17% less than that measured in 1963. A search for leak sites
was conducted continucusly during the test. Only one major leak was
found and this was repaired. Detalls of thils and other containment
leak rate tests are reported in DP~968.(5)

Nuclear operation for the H-2.5 cycle was begun on August 25, and
continued without interruption until September 9, when the reactor was
shut down because of another tube leak 1n the No. 1 steam generator.
Indicated leskage rate was 75 lb/ﬁay. The tube was located and plugged
wilthout difficulty. No further lnspections were made of the secondary
side of the generators because they were nearing thelr end-of-life and
plans to order new tubes and tube sheets were 1n progress.

Operation was resumed on September 15, and continued untll
September 30, when the reactor was scrammed by nolse splkes on the flux
monitors. The nolse splkes derived from a lightning strilke on an Intra-
area electrical feeder line. Xenon override was unsuccessful and the
reactor remalned shut down for about 20 hours. Operation then contlnued
at 51 MW untll October 7, when the reactor was shut down to investigate
8 D;0 leak, The leak was indicated by an increase in the tritium
activity in the containment bullding. The leak occurred at a body plug
in a check valve and was repaired by torquing and seal welding the plug.
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Operation was resumed on October 8, but was Interrupted on October
12, when the reactor was scrammed during routine maintenance on a scram
instrument. During the scram recovery, two more scrams occurred, caused
by operaticnal errors during adjustments to scram instruments.

The reactor was returned to power on October 14, and operated at
50-54 MW until the end of the H-2.5 cycle on October 31. The scheduled
outage was to allow lnspectlon of fuel components and to replace the
polson targets in the driver fuel with Zircaloy flow guldes to extend
the lifetime of the charge.

The H-2.,5 cycle operated at 86,5% innage over a TO-day period for
s total reactor exposure of 2695 MWD.

Fuel inspectlions and target replacement were completed in a ten-
day period, and operation of the H-2.6 cycle began on November 10,
Operation for this cyele was continuous except for one lnterruption on
November 25, when the reactor was shut down by an interruption in the
electrical service to the area. Durlng the recovery, a second shutdown
was necessary to replace a defective relay in one of the control rod
drives,

The intention had been to operate the H-2.6 cycle to the end-of-
life of the second drlver charge. This was predicted to occur about
mid-December, if this innage were 100%. Operation of the HWCTR was
terminated on December 1, 1964, asg part of the curtailment by the
U. S. Atomie Energy Commlsslon of the development of D,0-moderator
reactors that are cooled with liquid Dy,O. The H-2.6 cycle had operated
at 99% innage for a reactor exposure of 853 MWD, An irradiation of
flux mapping wires at 10 kw power was made on December 2, and then the
reactor was shut down for deactivation.

Accumilated exposure on the second charge of drlver fuel elements
was 6154 MWD, Total lifetime exposure for the HWCTR was 13,882 MWD,

The remainder of December and January 1965, wag used to place the
HWCTR facllity in a standby condition for possible future reactivation.
All of the fuel assemblies and the neutron sources were removed from
the reactor and stored at another Plant faclllty, Other reactor com-
ponents, in¢cluding control rods, safety rods, and corroslon coupons
were left in the reactor core,.

The high pressure part of the primary system was drained and then
was vacuum dried to remove the D,0. This system and the low pressure
D.0 system were filled with nitrogen to minimize corrosion during the
standby state.
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The secondary coolant system was drained and left at ambient
conditions. The shell side of the steam generators and purge coolers
wag f11led with nitrogen.

A description of the standby condition of the HWCTR 1s reported
in reference 9,

SYSTEMS AND EQUIPMEENT

A detalled description of the systems and egulpment for the HWCTR
is given in reference 1. Thls section reports on the performance of
these systems and equipment over the approiimately three jyears
operation of the facility. A brief description of the system or
equipment plece and a schematlc dlagram areé included here where such
description alds the report on performance.

REACTOR ASSEMBLY (Figure 14)

Description

The reactor is a pressure vessel, appﬁoximately 30 feet high,
made of carbon steel with 1/4-inch, type 3Q4 stainless steel cladding
inside. The vessel wag manufactured per ASME speclifications SA-212 for
a pressure of 1500 psi at a temperature of 315°C, The walls vary in
thickness from 3-1/2 to 5-1/2 inches. The vessel consists of a lower
T feet-2 inch ID shell section, an upper 5 feet ID shell sectlon, a
conical transition section, a hemlspherlcal welded-on bottom head, and
an ellipsoidal bolted-on top head, The head flange 1s secured to the
shell flange by thirty-two 3-1/4-inch studs, washers, and nuts. A
double 'Flexitallic"* gasket seal, with leakoff between the gaskets,
1s used bétween the head flange and shell flange. The control and
safety rod drives are mounted above the reactor head on the top drive
platform. Permanent internal components include: (1) top indexing
shield plug, (2) shield plug support ring, (3) top gulde plate,

(4) gas baffle, (5) top shield and flow distribution baffle, (6) hori-
zontal thermal shield, and (7) side thermal shleld. The equipment

on the top drive platform includes four bolt tensioners for reactor
head bolt tensioning and four worm-gear Jjacks, driven by an air drili,
for 1lifting the reactor head-rod drive assembly.

*Trademark of Flexitallile Gasket Co.
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Performance

Performance of the reactor vessel was bétisfactory and caused no
operating difficulties. The limitation that was imposed on the pres-
sure and temperature of the vessel to ensure against brittle fracture,
caused no operating difficultles or restrictions on desired testing
conditions. Pressure was limited to atmospheric below 22°C and to

less than 300 psig below 60°C.

Corrosion was monitored by metallurgical examination and by sets
of corrosion coupons of the materlals of construction. Sets of cor-
rosion coupons were removed periodieally dwring the three-year period
and evaluated. Examinatlon showed that the original magnetite film,
formed during the light water testing following completlon of construc-
tion, remained as a tightly adhering, uniform film., Results of these
examinations, and evaluaticns of corrosion gcoupons are reported in
DP-964 , (&) | '

Troubles were experienced with two of the permanent internal parts
of the reactor assembly. Durlng the firstffew months of operatilon, the
Indexing shield plug sometimes Jjammed, bec%use of very close tolerances.
The plug was removed and 3-5 mils was machined from the outer dlameter.
Periodic metallurgical examination and dye%checking of the ball-bearing
assembly and the support ring revealed no failures, Small spots of

corrosion were sometimes found but caused no problems.

Failure of four 17-U4PH stainless steel bolts in the support legs
for the gas baffle, and fallure of two other bolts in the gas baffle
were discovered in April 1964. Fallure of :the support leg bolts was
attributed to low-ductility rupture from a 'combination of thermal
gstresges and overstressing during installation. The other bolts
failed by stress corrosion because of improper heat treatment. The
support structure for the gas baffle was replaced with one of increased
strength and rigldity. Details of thls problem are dlscussed in
progress reports. (7!

The performance of the double "Flexitallic" gasket seal, used
between the head flange and shell flange, was nearly perfect. During
the lifetime of the facility, the reactor head was removed about 100
times. Leakage never occurred past the outer gasket and occurred only
once past the 1nner gasket. This single lnstance was caused by a
defect in the inner gasket, This success was attributed to rigid
inspectlon procedures to ensure good gaskets, and the use of new gaskets
each time the head was replaced.

Minor troubles were experienced on a number of occasions with the

Biach bolt tensioners when the heads of cap screws 1ln the assembly
sheared off and became engaged in the mechanism. The diaphragm seal
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agsembly a2l1s0 leaked oll on several occaslions. A modification to sub-
gtitute an O-ring for the diaphragm seal assembly as well as to elimi-
nate the cap screw shearing problem was designed but was not installed
prior to the shutdewn of the reactor facilltiy.

MAIN CIRCULATING SYSTEM (Figure 15)

Description

The primary cooling complex for the reactor consists of two
circulating systems each contalning a pump, two ten-inch motorized
valves, and a steam generator. The plping, fittings, and equipment in
the main circulating system are carbon steel, with the exception of the
stainless steel plping that penetrates the blologleal shield and con-
nects toc the reactor.
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FIG. 15 MAIN CIRCULATING SYSTEM
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At the time reactor operation was termina:ed, there were two
known problems with the main pump, both of Whi¢h were assoclated with

the shaft D,0 seals. : l,

Frettiﬁg corrosion. In May 1664, a groové, attributed to
fretting corrosion, was found cut into the seal shaft sleeve
on both pumps in the area of the antl-extrusion ring and the
rotating face O-ring. A new shaft sleeve|with a tungsten
carbide plating in the problem area was lnstalled in one
pump. This pump was operated legs than one month before the
facility was shut down, so no evaluation of the new sleeve

was possible.

When the seal assemblles on both pumps were replaced in

May 1964, because of erratic and high leakage rates

(0-3/4% gpm), examination of the lapped surfaces showed them
to be in good condltion and not to be the. cause of the inter-
mittent spurts of high leakage. Slight scoring, or grooves,
was found in the bronze face with a depth up to 3-4 mils.
Grooves in the tungsten carbide face were less than 1/2 mil
deep., These seals had been in service sihce January and
October 1962, for a total service life of about 19,000 and
13,000 hours, respectively. After finding the fretting
corrosion groove, 1t must be assumed that the majJorlty of

the leakage was from bypassing the rotating face O-ring.

If this assumption is correct and the haridened shaft sleeve
corrects the fretting corrosion, seal life could reasonably
be expected to be greatly increased over the above performance;
certainly in excess of 25,000 hours.

Seal leakage on depressurization. One pump had a hlstory
of seal leakage followlng depressurization in the final six
months of operation. The problem occurred only on ohe pump
and only wlth shaft sleeves fabricated by the Plant shops,
Vendor drawlngs of the shaft sleeve speclfled a finish of
32 RMS for the surface under the rotatlng face, whereas

the vendor stated that the original sieeves were finished
to better than 16 RMS, The shaft sleeve on thls pump was
replaced, with one having the proper finish about one month
before termination of operation, hence evaluation was not
complete, No leakage occurred during the one depressuri-
zatlon made during that period.

In addition to the seal parts, the pump impeller, wearing
rings, volute, and other parts of the pump assembly were
lnspected, No signh of corrosion or cavitation was found.
The wearing rings were measured and the dimensions were
the same as the original dimensions.
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The 10-inch Chapman valves performed without a single malfunction
during the three years of reactor operation. Prior te nuclear startup
of the faclllity, during the light water testing perlod, valve spindles
in all four valves became severely scored by metal £ilings 1n the
mechaniesm and were replaced. Leakage of Dgo past the valve packing
into the leakage collectlion system bhecame éxcessive during the final
months of operation and plans were 1in progress to repack all four
valves. The packing, a "Teflon" cup and cbne type, had been installed
in January 1962, when the spindles were replaced, hence had served
during all high temperature, high pressureioperation of the facility.

Performance of the steam generators was mentioned previously in
this report and is reported in detail in D -964 . |

PURGE AND LEVEL CONTROL (Figure 16)

Description ;

During normal operation, D0 was purféd from the reactor through
a 4-inch nozzle located about 5 feet below the normel Dp0 level in the
reactor., The rate of flow was controlled by the reactor level. Purge
D,0 was passed through two purge coolers ﬂh serles, then through a
pressure reducing valve, and then into theilow pressure purification
system. Rellef valves downstream of the phrge coolers provided pro-

tection agalnst reactor overpressure.

When the water level dropped below a preset level, a 1700 psilg
positive displacement pump injected D,0 at 30 gpm from a large storage
tank into one of the main circulatling sysﬁems.

The posltive displacement pump was an Aldrich triplex inverted
pump. The stuffing box gaskets were O- ring type wherein Internal
presgsure zealed the joint, Telescoping bushings were used, with
Style 835 (Universal Packing Co.) packing along the plunger rod to
prevent leakage. This noncompressible packing was & buna~N compound
wlth a hard phenolic core and with phenolic top and bottom adapters.

The purge coolers were multipass type heat exchangers with four
D,0 passes and one Hp0O pass per cooler. The coolers were carbon steel
and contained 49 carbon steel 3/4-inch U-tubes.

Performonce

The Aldrich triplex pump operated satisfactorlly with only routine
maintenance. Minor leaskage of D;0 past the plunger packing occurred;
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however, 1t was collected and was of ne concern. Excesslive vibrations
cccurred in the discharge piping from this pump during the first four
months of operation. Cracks developed in two forged stainless steel
reducing tees in the discharge piping. Both fittings failed at stress-
raising sharp shouiders where the body size was reduced. Additional
bracing, minor alterations to the piping configurations, and the
addition of a hydraulic pulsation damper overcame the vibration.
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One of the purge cocolers leaked D0 into the cooling water system
at the rate of 0.5 to 1 lb/ﬁay during the last two years of operation.
The second purge cooler periodically showed leakage indicatlons of
about 0.5 1b/day, which was about the lower level of detection. No
attempts to locate or repair the leakage polnt were made since there
was no appreciable change in the leakage rates. As lnspectlons of the
shell side of the tubes revealed very minor corrosion, 1t was assumed
that the leakage was at the tube-to-tube sheet welds, Corrosion per-
formance of the purge coolers is reported in DP-964,'8

Two problems were experienced with the Dp0O rellef valves during
the 1nitial testing period. These valves were designed to pass 150 gpm
of Dp0 at 100°C, with an upstream pressure of 1320 psig and a maximum
back pressure of 10 psig, and were to be leaktight at pressures up to
95% of the relief setting. Rench tests, tests 1n a hydraulic loop, and
functional tests in the reactor system all showed that these wvalves
could not reliably be expected to relieve within 50 psig of any
desired pregsure, To provide an adequate pressure margin below the set
point of pressure relief valves located in the gas space of the reactor, .
set at 1480 psig, normal operating pressure was limited to 1200 psig
maximum with the liquid rellef valves set at 1300 psig.

The second problem experienced with these valves was severe
vibration of the valves and assoclated piping when they were functlon-
ally tested in the system. Additional bracing and support reduced the
vibration to tolerable levels.

A simplified pressure relief system was being designed which
circumvented the problems with the original equipment. The simpli-
fication was made possible by the more reasonable requirements of
Section III, Nuclear Vessels, of the ASME Boiler and Pressure Vessel
Code, than the regulrements used in the originsl design, which were
based on Sectlon VIII of the Code, Unfired Pregsure Vessels.

MAIN PURIFICATION SYSTEM (Figure 17)
Description

The purification system removed particulate and dissclved ionlc
impurities from the D,0, Additionally, the system included means for
controlling the pD of the D0 between 10.2 and 11.2. The equipment
consigsted of a holdup tank, a canned rotor pump, two delonizers, a
S5-micron flliter, and a ccllection tank. Piping and space were allowed
for a prefilter before the deionizers, but this was not used except in
the cleanup period following completlon of construction,
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After the purge D0 was cooled and its pressure was reduced to
10-inches H,0 (see previous section on Purge and Level Control), the
water entered a 55-gallon, carbon steel holdup tank., The water was
pumped at a rate of 15 gpm from the holdup tank by a stalnless steel
centrifugal pump. The water passed through a mixed bed delonlzer
containing lithlum and deuteroxide resins. A second delonizer, plped
in parallel, was a mlxed bed of DOD resins and was used Intermittently
to keep the pD below 11.2. The D,0 then passed through a 5-micron
afterfilter and flowed into a UB-gallon collection tank. From the
collection tank, about 10 gpm was returned to the high pressure system.
Make-up D.0 could be added to the system vise the collection tank or
removed from the system by a separate line from the discharge from the
purification pump. With the exception of the holdup tank and the main
storage tank, all purification piping and equipment was stainless steel.
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FIG. 17 MAIN PURIFICATION SYSTEM
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Performance

Except for ocecasional pluggage of pump stralners by resin fines
and a single bearing fallure in the canned Chempump, performance of
this system wag satisfactory and trouble~free. Corrosion in the puri-
fication system was monitored by coupons and visual inspections. These
data are reported in DP-964,(®)

The pb of the moderator-coolant was controlled at 10.7 0.5 by
exchange through a mixed resin, LiiQD‘, ion exchanger. The rate of pD
change was slow and positive, typically about 0.25 pD unit per month,
As necessary, the pD was lowered by dilverting the flow through the
D¥OD- mixed resin bed. The ion exchanger beds had a resin volume of
5 f£t® and normal use was about one year (throughput of about 8 million
gallons).

Dlgsolved oxygen was controlled by the addition of deuterium gas
to the helium 1In sufficlent amcunts to malntaln a concentration of
10-20 std cc Dp/kg D0 in the high pressure coolant system. During
nuclear operatlon, the dissolved deuterium combined radiolytlcally with
the dissolved oxygen to give a dissolved oxygen concentration of less
than 5 ppb.

The chemical control of the moderator-ccolant and the performance
of the purification system are reported in DP-964,(8)

SEAL WATER SYSTEM (Figure 18)
Description

The seal water system conslsted mainly of: a seal supply pump, &a
seal head tank, a seal leakage collection system, a catech pot to remove
0il that could be present ln seal leakage from elther the maln or loop
pumps, a drain tank, and a drain tank pump,

The system provided a continuous supply of filtered and delonized
D,0 for the seals on the main circulating pumps and the shaft seals on
the control and safety rod drives. The seal pump delivered water to a
supply header with the seal head tank, located ln the top of the
building, flcating on the header to provide additional head and a small
(20-minute) seal water reserve. The seal pump pumped about 9.6 gpm
from the purificatlon collection tank. A level control system on the
seal head tank diverted the water not requlred for seal supply back
into the main circulating system,
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18 SEAL WATER SYSTEM
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Performance
Corrosion performance for this system is reported in DP-96k4, (8)
and seal performance for the rod drive system is discussed in DP-971,

Mechanlcal operation of the seal supply pump was satlsfactory,
except for leakage past the plunger packing. The pump was an Aldrich
triplex inverted pump designed for direct horizontal flow, Maximum
design pressure was 1700 psig and normal operation was 9.6 gpm at
280 rpm against a discharge pressure of 1200 psilg. "Universal" packing
835 was used as a water seal around the plunger. Normally on depres-
surization, the packing would leak; however, on resumpticn of pressure
operation the leakage would usuaslly stop. On about ten occasions during
the three years of operation, the leakage persisted after pressurization
and it was necessary to replace the plunger packing. This problem was
never gatisfactorily resolved. Construction of the pump and stuffing
box was quite gimilar to that of the make-up pump where packlng leakage
was nearly nonexistent. The main difference in the two pumps was In
usage; continuous for the seal pump and Infreguent for the make-up pump.

The capacity of the seal leakage collection system, particularly
the catch pot, was inadequate to handle leakage from a gross seal fail-
ure and modifications to enlarge the capacity of the system were 1n
pregress when the HWCTR facillity was shut down., On three occasions the
seal catch pot overflowed:

1) Steel chips were left in a pump seal after reassembly following
a routine inspection for wear. When seal flow was started,
leakage exceeded the capacity of the catch pot and water over-
flowed through the vent line on the pot.

2) During shutdown, while performing a gas aspiration test that
required rapid depressurization of the reactor, the seal cavity
on one pump gas bound and blocked flow to the seal. Subsequent
leakage when the seal warped from overheating overflowed the
eateh pot system.

2) While the system was cooling following a nonnuclear hestup, the
seal AP control valve falled, causing loss of seal flow to the
seals of one loop pump. Subsequent seal leskage overflowed the
catch pot and the o1l collection drum.

Other parts of the seal water system functioned satisfactorily
during the three years of coperation.
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CONTROL AND SAFETY ROD SYSTEM

The reactor contained 18 control and six safety rods, each driven
by an electric motor through a rack and plnion gear. Racks, pinlons,
and bearings were located lnside indlvidual pressure housing penetrated
by means of floatling ring labyrinth seals. The drlves were mounted on
the reactor vessel head., Safety rods had electromagnetic clutches and
fell by gravity into the reactor when 1t was scrammed. Between inltial-
critical on March 3, 1962, and termination of operation on December 1,
1964, the reliability and performance of the rod drives was very good.
Seal leskage was well within designh 1limlts. Inspectlion of seals and
control rods showed no evidence of crud bulldup or stress corrcsion
eracking of type 17-4PH stainless steel parts.

A complete deseription of the rod drive systems and a detalled
record of thelr performance and malfunctions is reported in DP-971.(5)
None of the difficulties experlenced with the HWCTR rod drive system
ever prevented the reactor from shutting down promptly or involved
adding reactivity at an unsafe rate.

COOLING WATER AND STEAM SYSTEM (Figure 19}

Description

Secondary cooling water was supplied originally to the HWCTR from
three wells rated at 350, 400, and 500 gpm. These wells were con-
structed with carbon steel casing and screens durlng 1951. The screen
on the 500-gpm well failed in late 1963 and was replaced early in 1964
by a new deep well rated at 1500 gpm. The electrle motor drive for the
400-gpm well was augmented by a direct coupled gasoline englne for
emergency use in the event of a complete power fallure.

Water from the wells was delivered to a common header from which
it wag routed to the cooling system and to a 150,000-gallon overhead
storage tank. The overhead storage served as a reservoir for domestic
and fire use as well as a backup for the reactor cooling system in the
event of loss of well supply.

Water from the cooling header was routed to a carbon steel stand-
pipe (67 feet high x 3 feet dlameter). Lines from four chemical
additive pumps injected sodium sulfite for oxygen control, trisodium
phosphate for pH control, and sodlum hypochlorite for bacterial controi,
into the water before 1t entered the standpipe. The standpipe provided
a gravity pressure head for the cooling water system, From the stand-
pipe, cooling water flowed toc the mlscellaneous heat exchangers and
coolers in the reactor system. The effluent water from the miscel-
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laneous heat exchangers discharged into a common header which terminated
at the inlet to the head tank for the boiler feedpump.  "Versene"*, for
boiler scale contrcl, was added to the feedwater at thils point. Two
boller feedpumps supplied water to the steam generators in the primary
ccolant system. During reactor startup thd'steam generators were fed
water by the head avallable 1n the standpipe, until the steam pressure
reached about 25 psei, sufficlent to drive the boller feed pump tur-
bines. Steam from the generators passed through control valves to a
muffler and was released to the atmosphere. During reactor shutdown
perlods, the reactor was cooled by operating the steam generators as
water-to-water heat exchangers, using the elevation head provided by
the standplpe as the driving force for the water. Prior to nuclear
startup, eductors were used to lower the water level in the steam
generators to the normal operating level.

MaJor equipment pleces 1In these systeﬁs are deseribed below:

Standpipe - 1/4-inch carbon steel tank, 67 feet high x 3 feet
diameter, :

Chemical Mix Tanks (2) - stainless steel, 575 gallon, two-
compartment tank with a mlxer In the upper com-
partment.

Chemical Feed Pumps ~ four Madden Metriflow diaphragm metering
pumps, 60 gph at 100 psig discharge pressure, used
for sulfite and phosphate additions.

~Three Wallace and Tlernan Dual Head Diaphragm
pumps, 20.8 gph at 125 psig back pressure, used for
"Versene'", hypochlorite, and sulfite additions.

Instrumentation - Hays Analyzer, Model 625, for dilssolved 0Oy
conductivity; pH.

. Steam Turbines (2) - Terry, type ES.

. Boller Feed Pump (2) - Worthington, 2-1/2-UNQ-10, four-stage
centrifugal pump,

*Trademark of Bersworth Chemical Co,
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FIG. 19 COOLING WATER AND STEAM SYSTEM

Performance

Performance of the three original wells at the HWCTR site
deterlorated during the three-year operatlion of the facility, ending
with the collapse of the carbon steel screen in one well in late 1963,
The remainlng two wells were operable when operation wag terminated,
but they required frequent ¢leaning to maintain their pumping capaci-
ties. Based on inspections and performance of similar-aged wells at
the Savannah River Plant, the remainlng lifetime of these two wells,
without replacement of the present casing and screens, is limited.
The new well, 730 feet deep, used splral wound stainless steel screen
and 1s consldered to be the primary source of cooling water.

Inspections and thickness measurements on the mild steel standplpe
indicated that it was corroding at a rate of about 7.4 mils/year.
Maximum pit depth after three years of operation was 50 mils; original
thickness was 1/4 inch,
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Among the seven chemical feed pumps, five worn bearings and three
falled diaphragms were replaced 1ln over three years of operation,

The only difficulty experienced with the steam turbines wasg the
tendency of the overspeed trip and constant speed governors to bind
from lack of normal movement, Inspection after fermination of ocper-
ation showed that the casings were 1n good condlition and uniformly
coverad with an adherent film of magnetite. Most of the turbine blades
had been slightly eroded by molst steam.

A single bearing failure occurred in eéch of the boiler feed pumps
in three years.

The performance of the mild steel 1n the steam generators was of
particular interest., The shells of these vessels were ASME-SA-212-B
steel and the 3/b-inch tubes were ASME-SA-210 with 109-mil minimum
wall thickness.

As shown by the preceding equlpment deécription, the treatment of
the secondary cooling water was entirely by;chemical addition, that is,
without delonization or deaeration. Catalyzed sodium sulfite was added
to scavenge oxygen; trisodium phosphate was added for pH control; and
a solution of the sodium salt of "Versene" was added to prevent scale
formation on heat transfer surfaces. Sulfite anhalyses were performed
every elght hours and were the primary assurance of oXygen control,

Use of the system began 1n October 1961. An ilnspection in
May 1963, showed the tubes and shell to be in good conditlon with s
maximum tube pit depth of 5 mils. An inspedtion in February 1964,
showed general corrosion of 3~5 mils and a maximum pit depth of 15 mils.

Inspection of the steam generators in July 1964, =zubseguent to a
tube fallure, revealed much more severe pltting attack on the tubes
than would have been predicted from the resylts of the February inspec-
tion. Pit depths ranged as high as 85 mlls! Tubercles were evident on
and around the pits., The accelerated corrodion was attributed to
oxygen attack and was ultimately traced to a change in quality of the
sodium sulfite. A sulfite residual greater than 10 ppm had been main-
tained consistently throughout the period. 'However, the particular
brand of catalyzed sulfite that had been used since October 1961, was
changed early in 1964. Purchase specifications for the two commercial
brands of sulfite were identlcal, No specification of the reaction
time of the sulfite with dissolved oxygen was contained 1n the purchase
gspecifications. Laboratory tests of the efflicacy of the two brands of
catalyzed sulfite confirmed the slow reaction time of the sulfite used
from early 1964 to July 1964.
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Filgure 20 1llustrates the two types of behavior encountered with
the catalyzed sulfites., Either the reaction proceeded almost Immediately
or it required several minutes induction time. %The two brands of sulfite
are identified as sulfite "B", used prior to February 1964, and sulfite
"A" used from February 1964, to July 1964, 1In Table V, the scavenging
action 1s rated "positive" if less than 300 ppb: oxygen remalned, and
"negative" 1f more than 300 ppb remalined after the one-minute reaction
time, ;

O O ~NDOD
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frunse,

.‘--——-_.r____

in table V¥
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FIG. 20 REACTION RATES BETWEEN CATALYZED SODIUM SULFITE
AND DISSOLVED OXYGEN

- 55 =



TABLE V

Efficacy of Catalyzed Scdium Sulfite
for Oxygen Removal from HWCTR Well Water

{a) No NagPO, (e) >300 ppb da at 1 minute
(b) 30 ppm NaegPO, {(d) <300 ppb qz within 1 minute
Diéonized Wager Well A . Well B Well C
.5 ppm Op (6.8 ppm 0.) (3,8-4.% ppm 0.) §8.% ppm 0)
(a) (b) {(a) (b) . (a) () a {b)
Sulrite "A" (pH 10.5) (e) (a) (d) {d) (a) (e) (e) {d)
Sulfite "B" (pH 8.%) (a) (@) (a) {d) (a) {(d) (d) (a)
Modified sulfite "A" .
PE 9.% with NH,Cl (e) {d) (e) (e) (e} (a)
pH 8.5 with H.80, (d4) (d) (e) {ec)
0.3% Co®T added (a) (a) {a) (a) (a) {e) (4) (¢)

Sulfite "B" was consistently effective, but sulfite "A" was not.
The performance of sulfite "A" was not improved by lowering the pH with
NH4C1 or HyS0, to make it similar to sulfite "B". However, the
addition of 0.3% Co®t as a catalyst made sulfite "A" as satisfactory
as sulfite "B",

On the basls of these data, the use of sulfite "B" was reinstituted
and the In-line dissolved oxygen analyzer was Installed. An inspection
in December 1964, showed that all of the large tubercles that were
present in July 1964, had been dissolved by the "Versene" and that the
rigorous oxygen contrel had arrested the corrosion.

Further information on the gerformance of the secondary cooling
system 1s contained in DP-964 . '8

PROCESS GAS SYSTEMS (Figure 21)

Description

Helium was used to provide an lnert gas atmosphere 1in process
system vessels contalning D,0, and to pressurize the reactor to prevent
bolling at reactor operating temperature.

Helium was transported to the area by a gas c¢ylinder traller.

The traliler was Tllled from a hellum tank car transported by rall to
the SRP site. The trailer carrled 30 cyllnders with a total volume
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of 265 £t° and a design pressure of 3000 pslg., Hellum was stored in
the reactor area 1n a low pressure storage bank capable of storing
about 7000 scf at 450 psig and in a hilgh pressure storage bank capable
of storing about 8700 scf at 2000 psig. :

Hellum was supplled to the low pressure header 1n the reactor
building from the low pressure storage bankg. The low pressure header
supplied helium to the drum station, to the D,0 storage tanks, to
make-up lines associated with the gas compressor, and to helium purges
for tank level instruments. It was possible to supply the low pressure
header directly from the cylinder trailer or the high preassure storage
bank in an emergency.

The high pressure recelvers provided a means of adding hellum
directly tc the reactor for initial pressurization, and in the event
of a system leak or a gas compressor fallure.

Following a shutdown during which the system was depressurlzed,
helium was added directly to the high pressure system from the high
pressure receivers untll reactor pressure was 600 psig. The high pres-
sure header was then valved out and the gas compressors were used to
raise the system pressure to 1200 psig. Make-up helium was added to
the system from the low pressure header to the storage tank on demand
of a pressure controller that sensed the pressure in the reactor gas
space. The discharge of the gas compressor passed through a pressure
regulator valve that directed the gas to the high pressure system
until demand was satisfied; then the gas was recycled to the storage
tank. Reactor pressure was thereafter controlled indirectly by cori-
trolling the pressure in the storage tank. During reactor operation,
process gas was constantly removed from the high pressure system by
the D0 purge stream and by leaks and an equivalent amount returned
from the storage tank - gas compressor system.

As shown in Figure 21, the discharge of the gas compressor could
be routed either directly tc the reactor or to the lliguild loop, and
gsubgequently to the reactor by proper preposltioning of spool pleces.
An automatic AP controller, which operated a valve in the gas line
connecting the liquid loop to the reactor, also permitted operating
the liquild loop at & higher pressure than the reactor.

The two compressors were Ingersoll-Rand, four-stage, positive
displacement compressors. The units used "Teflon" glass-filled and
"Peflon" carbon-filled piston and wear rings to eliminate the need for
oll lubrication. The two compressors were ldentlical except for the
drive motors; one, driven by a 10 hp motor at 220 rpm, had a rated
capacity of 8 scfm at 1600 psig discharge pressure, the other, driven
by a 15 hp motor at 300 rpm, had a rated capaclty of 11 scfm at
2000 psig dlscharge pressure.
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A vent condenser and geparator were located in the reactor vent
line to condense and recover Dp0 from the gas purge from the system
during depressurizatlion.

Equipment for adding deuterium gas to the high pressure system
during pressurlzation or to the storage tank durilng ?eactor operation
is shown in Filgure 21. :

Performance

In the original design, only one gas compressor was installed in
the system. During the first six months of operation it was out of
service because of low capacity on seven or eight occasions., The
principal cause of the troubles was wear of the third and fourth stage
plston rings. In August 1962, the second compressor was installed in
parallel to ensure sufflcient capaclty during nuclear operation. An
experimental program lnvolving the use of various types of piston and
wear rings resulted in satisfactory performance. Ring performance
over the final two years of operation iz summarized below.

1) TFourth stage piston ring (glass-filled "Teflon", step cut) -
average 2000-hour-life before replacement.

2) Third stage piston ring - external (glass-filled "Teflon", step
cut) - approximately 4OOO hours of service.

3) First and second stage wear rings - (ecarbon-filled "Teflon",
step cut) - The exact life of this wear ring was not established;
however, it was in excess of 8000 hours. The ring was replaced
before excesslve wear occurred as such wear would cause major
physical damage to the plston and cylinder,

4) All other piston and wear rings - (carbon-filled "Teflon", step
cut) - These were replaced on a preventive maintenance basis at
BOO0O hours; no excessive wear was found.

All cother parts of the gas system performed satlsfactorily with only
routlne maintenance.
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ELECTRICAL SYSTEMS (Figures 22 and 23)
Description

Two primary sources of power provided normal and alternate elec-
trical gervice to the HWCTR area. The normal source was a 13.8-kv line
from & 5000-kva primary substation. The alternate source was a 13.8-kv
tap off a supply feeder to a nearby area. The normal source supplied
the regular power requirements of 1250 kva; the alternate source, which
was used only in emergency or durlng planned cutages of the normal
source, suppllied emergency requirements of 60C kva.

Electrical equipment in the area was divided into three categories;
norimal, emergency, and essentlal, Examples?of equipment supplied from
the normal bus (breakers 3AN, 2AN, 4AN, 3BN, and 2BN on Figure 22)
were maln pump AC drives building lightlng circults, compressors, and
fuel transfer equipment. Equipment supplled from the enmergency bus
included reactor inlet and outlet valves, emergency lightlng circults,
and motor generator sets. All equipment fed from the emergency buses
restarted automatically followlng a power i@terruption on the normal
13.8-kv line, the load being transferred automatically tc the alternate
13.8-kv source, In additlion, two 125-~kv diﬁsel generators provided
backup power to the emergency buses if both |13.8-kv sources were inter-
rupted. :

Interruption of power to certain equipﬂent could not be tolerated,
This equipment was classed as essential service and included: (1) DC
power to DC motors on the main coolant pumpd, safety rod clutches,
scram and reversal circuits, and interlock circults, and (2) AC power
to control and safety rod drives and to control room instrumentation.
DC power to this equlipment was supplled fro@ AC-DC motor generator
setgs. If power to the AC motor in the AC-DC motor generator set(s)
were lost, a 60-cell-battery bank supplied power to the DC bus until
AC power was restored. In addition, the battery bank drove the DC
generator as & motor and the AC unit performed as an alternator,
supplying AC power to the rod drives and control panel instruments.

The emergency diesel generators were manufactured by the Waukesgha
Motor Company. Each unlt was designed to operate at 1800 rpm and
deliver 125 kva of 3-phase, 60-cycle electricity at 430 volts, with
a 0.80 power factor. The engines were six-cylinder four-cycle diesels.
The generators were single-bearing, wye-connected units with a current
capacity of 204 amperes at 440 volts.

The motor-generator sets were designed by the Hertner Electrie
Company. For AC to DC conversion, each set was rated at 25 kw at 129
to 140 volts DC with 1% voltage regulation. For DC to AC conversion,
each set produced 15 kw of 3-phase, 60-cycle power at 440 volts.
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FIG, 22 PRIMARY ELECTRICAL DISTRIBUTION

- 61 -



Bldg

752U

Bldg
774-U

MCC AlE

r— - - — = 1 MCC BlE
| |
MG Set 2 r
CubicLeT Cubicle r] | Cubicle T?,‘ubicle
4% 4.0 | Transfer Switch i 3-1 _( 41
SNt T ME%BE T T TNy T
P AC Transfer 1 AC Transfer 7
MLC Switch 1 MLC Switeh 2 MLC
L 4 —@
Set, 1 Set 2 Set 2 Set 3
MS MS M5 ‘
AN AAAAN AN ANV
AN ANAAN Aﬁ?fwd AN
Rod Bus Norm Norm. Rod Busf
A B

DC Transfer

—l: Switeh 1

v

Al

I Switch 2 :["

et 1 Set 2
125 v DC Bus AZKE

Sl

G "

2 11]1

DC Trensfer

BC

Set 2 Set 3
125 v DC Bus B2E

R

I

1

[ve]

Process Pump BC Motor

(Typical for All Six DC Motors)

FIG. 23 CONTROL POWER DISTRIBUTION

- 62 -




Performance I

Two types of problems occurred wilth the electrital system at the
HWCTR. Cne type was associated with the control system components,
i.e., relays, starters, and contactors; the second type was caused hy
an insufficlent degree of 1sclatlon from power surges on the 13.8-kv
power lines. Performance of the equipment pleces, e.g., motors,
generators, and transformers, was excellent, with nojmajor difflculties

or fallures. I

The HWCTR is located in an area wlth a moderatély high incidence
of electrical storms. On a number of occasions each year, llightning
strikes the 13.8 kv plant loop. On a few occasions, these power dis-
turbances caused reactor scrams to be initiated by the nuclear instru-
ments even though their power supplies have filters, voltage regulators,
and in some cases, isolation transformers. The starting and stopping
of large electrical equipment in the area, such as alr compressors,
also caused spikes on the nuclear instruments when the instruments were
operating on a low current range (107 '% ampere). Modifications to
further lsolate the power suppllies from electrical nolse were not
economlcally justifiable at the time they were considered.

‘The problem wlth the electrical controls was mginly fallure of
the motor generator sets to transfer properly from AC-DC operation
to DC-AC operation upon loss of normal AC power. Upon loss of normal
AC power to the synchronous motor, the DC generator transfers to a DC
motor and the synchronous motor converts to & synchronous generator.
The transfer time was approximately two seconds. The synchronous
generator then supplied Instrument and rod drive power durlng the
period of emergency operation. The fallure of normal power to the
motor generator set was detected by a single phase undervoltage relay
set to drop cut at a decrease of 20% of normal voltage and to initiate
the transfer, Durlng the sequence of relay action, the inertla of the
AC machine normally maintalned sufficlent voltage to keep the Motor
Starter (MS) contactors (Figure 23) energized. On one occasilon
following a lightning strike on the 13.8 kv feeder, and on several
occaslons during shutdown test work, the MS contactor dropped out
before the motor generator sets could transfer to emergency DC drive.
The dropping out of the MS contactor disconnects the motor generator
set from the Instrument power bus, Design modifications to improve
the control action of thils clrcult were completed but had not been
installed at the time of termination of operation of the HWCTR.
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INSTRUMENTATION

The descriptlon and performance report on individual instruments
ls beyond the scope of thls report because of the large number of
instruments involved. Most of the instrumentation was commercial
product and was similar or identlcal toc that used iIn other reactor
systems, In general, lts performance was good when coupled with a
rigorous preventlve malntenance program. Spurious scrams from the
nuclear instruments, caused by electrical noise signals, were numerous
in the flirst six months of operatlon but steadily decreased as the
number of dirty connectorsg, insulators, and poor wiring connections

were decreasged.

The instruments used for the detection of fuel failures were
desighed and manufactured at the Savannah River Plant; hence, a
description and report performance are glven in the following sec¢tions.

Fuel Failure Detection Systems Description

Four systems for falled element detectlon were employed iIn the
HWCTR. Except for the Scanning Liquld Photoneutron Monitor, the
detection systems employed in the lsolated ccolant loops were identical
wilth those used 1n the main system. The four systems and the sampling
and activity monltors are described briefly in the following sectlons.

1. Iow Energy Gamme Monitor (LEGM ). Figure 24 presents a
schematic diagram of the electronic and flow system for the LEGM., A
sample of the coolant from the process stream was directed from the dis-
charge of the ¢irculating pump, passed through a 15-minute delay coil,
and then presented to the probe scintillator erystal in four passes

across the probe top.

The ilnstrumentation scanned and recorded contlnuously the activity
in the energy range from 0,03 Mev to 0.3 Mev, thus encompassing fission
product 22®Np (0.1 Mev) and 1®3Xe (0.08 Mev). The 15-minute delay coll
prevented these low energy levels from belng masked by short-lived
products, such as *°N (7.4-second half life), *°0 (29-second), *7F
(66-second), and 27Mg (10-minute).

2. Gas Flssion Product Monitor (GFPM). Figure 25 presents a
schematic diagram of the electronlce and flow system for the GFPM. A
10-gpm purge stream from the reactor vessel was cooled to 30°C and
then depressurized into a purification hold tank. A 100-em®/min
sample of the gases evolved 1n thls tank was pumped through an electro-
statlc precipitator that conglsted of a cylindrical tube maintained
positive with respect to a central wire electrode. The gas stream was
then returned to the low pressure gas system.
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FIG. 24 LOW ENERGY GAMMA MONITOR (HWCTR TEST REACTOR)
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As radlocactive gas atoms decayed withiril the cylindrical tube,
thelr daughters were electrostatically prec#pitated onto the moving
wire., If the daughter atom was radicactlve, 1ts activity was detected
as the wire passed in front of a detector. |The radloactlve daughters
of fission product xenon and krypton were ddtected in this manner.

The wire electrode was a 0.0055~1nch diameter wire and moved
through the cylindrical chamber at 2 inches/min. Five inches beyond
the precipitator was a stllbene-crystal beta detector gttached to a,
6655-photomultiplier.

The central wire was used only once and then stored on & takeup
reel, The wlre on the supply reel was about 12.5 miles in length and
lasted for about nine months of continuous opersatlion. A tenslon-
activated switch Initiated a signal in the event of wire breakage.

3. Delayed Neutron Monitor [DNM). Figure 26 presents a schematic
dlagram of the electronic and flow system for the DNM. A sample of
¢coolant from the discharge of the clrculatlng pump was passed through

] 11 1| 1 1
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Bt cied R - Gl

BLOCK DIAGRAM

HyO Reservoir

lon Chamber
Proba Hole

Sediment
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FLOW DIAGRAM

FIG. 26 DELAYED NEUTRON MONITOR
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an Ho0 reservolr. A boron-coated ion chamber in the reservoir detected
the presence of delayed neutrons from ®7Br (Sk-second half life) and
1377 (e2-second). The H.0 served both as a coolant and as & therma-
lizing medium between the sample line and the lon ¢hamber. Translent
time to the detector was about 60 seconds, thus mihimizing photoneutron
activity from short-lived nonfission product gemma emitters (i.e., *°N)
acting upon the D0 in the sample llne. From the reservolr, the sampie
was directed to a sediment pot, through a flowmeter, and then returned
to the process stream at the pump suction. :

4, Secanning Iiguid Photoneutron Monitor (SLPM). Figure 27
presents a schematic diagram of the electronic and flow system for the
SLPM, This system served as the only locator-detector among the fall-
ure detectlion systems. Samples of the effluent from each of the ten
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FIG. 27 SCANNING LIQUID PHOTONEUTRON MONITOR
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tegt fuel positions were selected sequentlally by a multlport valve and
directed through a reservolr of pure D,0. A boron-coated ion chamber
in the reserveir detected photoneutrons cauged by fission product gamma
activity through the reaction D{(y,n)H. The D,0 thus acted both as a
photoneutron source and as & thermalizing medlium. Sample translent
time to the reservoir was asbout 60 seconds; hence some delayed neutrons
were also detected by the probe. ‘

The mechanical arrangement of the multiport valve permitted a
continuous sample from cach of the test assdmblies to pass through the
valve with the sample from one of the ten ﬂositions diverted through
the D0 reservolr. A flow transducer, connacted across a section of
the sample line, measured the differential pressure as an indication
of flow through the sample line. The comblned samples were then returned
to the suctlon of the clrculating pumps.

The signal from the flow transducer was utillzed to automatically
re-Iindex the fluld swiltch after each scan. The same signal was also
displayed on the strip chart recorder as an Indlcatlon of the position
being measured, The scanning time for the fluid swltch was adjustable
between 4% to 15 seconds per position.

5. Cyeclic Alr Sampling Monitor (CASM), Stack Gas Activity
Monitor (SGAM)., Although the primary purposes for these moniltors were
not fuel fallure detectlon, they are listed here for the sake of com-
pleteness, The CASM and SGAM proved very useful in monitoring the
leaktightness of the high pressure water and gas systems. As there
was always some leakage assoclated with a high pressure system, these
instruments reflected any increase Iln activity in the moderator or gas
system, and hence served ag a backup to the fuel failure detectors.

As each of the four fallure detectlon systems depended upon full
hydraulic flow conditions to deliver a sample to the detector, the CASM
and SGAM Instruments were the only quilck means of fallure detection when
the reactor was shut down and at reduced hydraulic flow.

Fuel Failure Detection Systems Perfornance

Data obtained from these instruments for the ten test fuel failures
experlenced at the HWCTR are given 1n Table VI. The inltial set of data
in the table are the normal, full power readlngs. Response of the
instruments to a fuel failure was quite prompt; 1ln every case except
fallure No. 8, the reactor (if 1t were operating) was shut down before
significant contamination of the system had resulted.

Failure No. 8, which occurred 1n the liguid cowled lsclated loop,
was very sudden and an estimated several grams of uranium was released
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although the reactor was shut down within a few sec&nds following the

failure.

Radicactivities in the loop returned to near normal after

about two weeks of cleanup flow through the loop purification system.

Fallure

1

10

Type

Fuel

Natural
U metal

Natural
U metal

Natural
U oxide

Natural
U oxide

1.5%
enriched
uranium
oxide

1.5%

enriched
uranium
oxide

Natural
U oxide

Natural
U oxide

1.2%
enrlehed
uranium
oxide

Natural
U oxide

Instrument (=)

IEGM
OFFPM
DNM

SLPM

LEGM
GFFM
DHM

SLPM

CASM
20AM

LEGM
GFPM
DKM

SLPM
CASM
SGAM

LEGM
GFPM
DNM

CASM
SQANM

LEGM
GFFPM
DNM

SLPM

LEGM
GFPM
CASM
SGAM

LE®M (L

DM (L)

) (b)

GFPM (L)
mou(u)(h)

DNM{M)

GFPM(N)

CASM
ScAM

LEGM
GFFN
DNM

SLPM

LEGM
S3AM
CAEM

{a} Normal background

LEGM
GFPM
DNM

SLPM
CASM
SCGAM

{b) (L) denctes lcop detector
{M} denctes maln system detector

Response of Failed Element Detectors

TABLE VI

% Increase Estimat]

Background, Mex Response,

counts/sec counts/sec in Signal Releas,
160 >2500 >1460 ‘
Instrument Inoperable ;
18 59 208 o.1u1% g
5 13 160 |
2150 3350 56 I
h2 65 55 !
23 37 61 0.04-4 g
Instrument Inoperable
3x107*° amp 3x107*° amp 10% Gageoys
15x107%° amp  3.4x107% amp 2,3x10° .
190 k270 2140 Gaaeoys
15 165 1000 ;
No response ¢
No response

3x10™%* amp 1.6x10°° amp 530, 000 :
107*% amp 10™® amp 10°
262 1700 550 0
250 3000 1100 Gaseoys
No response i
3 200 !
10712 amp 10=1° amp 10,000 :
10" amp 4x107° amp 40,000 ;
282 564 100 Gaseona
Sh 95 76

No reaponse

Ko response

800 2400 200 Gasecns
300 >3000 5900

1.4x107%% amp 1,6x107** amp 1040

bx10-10 amp 1.72107° amp 410

a8 45,000 51,000

4 66 1500

5 3,000 3900 Several
650 875 35 grams’
51 >300 S50

120 3000 2400

5x1071% amp 3x107%° amp 60,000

3x2071% amp 1x16°® amp 330,000

750 3900 420

15 100 570 Gaseous
8 1l 10

7 21 200

1100 2200 100 Gasaoua
4x107% amp 1x1072 amp 150

1x107*% amp 3x107*% amp 2900

200-300 counte/sec
20-60 counts/sec
30-50 countas/gec

5-15 counts/sac
107'* to 2x10°' 2 amp
4 to Tx1072 amp
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Condition of

Reactor at Time of Fallure

Operating at full power

Operating at full power

Shut down, for 4-1/2 houre

Startup in progress

Power ascension in
prograse

Operating at full power

Shut down for 2-1/2 hours

Operating at full power

Failure cccurred in one
1solated loop

Power ascension 1in
progress

Shut down feor 3 hours




CONTAINMENT BUILDING (Figure 2)

Description

|

The portion of the containment bullding above grade level is a
T0-foot-ID x 30-foot-high steel eylinder, tdpped by a steel hemispherical
dome. The steel plate in the cylindrical pértion is B/H-inch thick, the
plate in the dome 1s 3/8-inch thick. The piates are carbon steel, ASTM
Specification A-201«57T, Grade B per A~300,ﬁ01ass I. Pipe penetrations
and forgings through the steel shell are A-333, Grade C, and A-350,
Grade IF1l, respectively.

The over-all helight of the COntainmentistructure is 125 feet;
60 feet is below grade. The below-grade porticn is reinforced concrete,
with the concrete shell prestressed, using i-9/l6 ilnch-dliameter steel
cables tensioned to 135,000 psi. |

The steel shell ls anchored to the conérete foundation by 328
high-strength 1-1/2-inch-diameter anchor bolts. These bolts were
pretensioned so that compression at the Jolnt remained at the deslgn
pressure of 24 psig. The steel shell is 1n5ulated on the outside with
2-1/2 inches of "Polystyrene-Styrofoam"*,k |

A complete descrigtion of the containment system is glven 1n
DP-600¢*" and DP-968 ¢S

|
1
Performance

Leakage Rate. Tests conducted to measure the gas leak rate from
the contalinment building are described in detail in DP-968.!5) A brief
summary of the leak rate results and thelr relationship to hazards
evaluation are glven here,

The initlal measurement of the leak rate was made in November 1960,
immediately after the containment shell was assembled. The condults
and pipes that penetrate the shell were covered with temporary seals
because most of the wirlng and piping had not been installed. The test
was conducted at internal building pressures of 29 and 24 pgsig. The
measured leak rate at 24 psig was 0.56% of bullding volume per day,
well below the 1% value used in safeguards analyses. With one exception,
all subsequent tests were conducted at a bullding pressure of 5 psig,
and the measured leak rate was converted to the equivalent rate at
24 psig. All leak rates glven in this report are based on the equiva-
lent rate at 24 psig.

* Trademark of Dow Chemical Co,
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Tests made in December 1961, and January 1962J Just prlor to nuclear
startup, revealed that a large number of conduilt seals were leaking
An extensive program of condult repalr was successful in reducing the
leak rate from 8.5% of building volume per day to 2.5%. Some leakage
was observed through the concrete outer wall belowfgrade level, but no
quantitative appralsal of this leakage could be made, In the flnal
test of the serles, the floor at the -52' elevatlon was covered with

water. A leak rate of 0.T% Qf bulldling volume per day was measured.

No further testing was conducted until September 1962, just prior
to power operation., At this time, the measured leak rate was 8.1%
with the basement floor dry and 4.7% with the floor flooded. The
repair of a number of leak sltes was completed, and leak rates of
4,2% and 4.1% were measured with the basement floor dry, then flooded,
Approval to operate the reactor was obtained from the AEC, but the
maximum power was restricted to 45 MW, and the maximum exposure to
L5000 MWD.

The consequences of the maxlimum credible accident were re-examined
for the situation where iodine absorbers were present in the 770-U
Building. The results of the analysis showed that, with lodine absorbers
in operation, an acceptable leak rate would be 7.6% of the building
volume per day (at 2% psig) with the basement floor flooded. Iodine
absorber units were installed in May 1963.

The leak rate measured in May 1963 was 2.9% of buillding volume
per day, With the basement floor dry.

A review of the HWCTR experlence shows that continued effort is
required to maintaln an acceptably low leak rate.

Corrosion of External Surface. Inspections of the exterior sur-
face of the contalnment building revealed that slgnlfilcant pitting
corrosion 1s occurring in the presence of moisture that has entered
through defects 1n the insulating system (including coatings). The
maximum pit depth measured was 45 mils. The containment shell 1is
constructed of 3/h-inch-th1ck carbon steel, and is covered with adhesive-
bonded insulation. Primer paint was applied to the shell prior to the
installation of the insulation.

A correctlve program was considered to remove the Insulation,
clean the steel surface, and add new Insulation. However, the
uncertainties as to the most sultable insulating material and to the
prospects for future operation, combined with the observed low corrosion
rate indlcated that no corrective actlion should be taken at that time.
Periodiec inspectlons of the bullding have been continued.
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D,0 LEAKAGE DETECTION AND LOSSES

A program to monitor and to control D0 leakage from the process
system was pursued actively throughout the 3-year perlod of HWCTR
operation. The materials and components used in the construction of
the high pressure system were of standard 1lndustrlal quality. The
HWCTR did not contaln speclal deslign featurds that might be included
in a full-slzed D,0 power reactor system to minimize D,0 losses. A
power reactor would have speclally deslgned lequipment to minlmize and
to collect D0 leakage, and perhaps a ventllatlon system that would
permit the recovery of much of the D,0 that evaporates in the process
areas. ‘

Descriptions of measured D0 leak rates and the methods of
detection are given in reference 2,

The lowest leak rate attalned durling operation at full power
conditions was 14 1b/day (7.3% of the moderator inventory per year),
measured over a 23-day interval in January 1964 Steam generator and
purge cooler losses accounted for 5.5 lb/d&y of the total loss;

8.5 1b/day were unaccounted for. Leak rateg from 20 to 40 1b/day were
measured during other periods of operation,\hith up to 15 1b/day of
D,0 leaking through the generators,

Leaks occurred in the steam generatorsifrom the beginning of
operation. TInitlally, the leakage ocecurred at defective tube sheet
welds. Early in 1964, the shell side of the tubes was attacked by
oxygen corrosion when oxygen control of the feed water was lost. In
four separate incldents from February to September, tubes developed
holes and were plugged. Other deep plts were observed that almost
penetrated the tube wall. Retubing of 'the generator will be necessary,
if the facility is reactivated. During the Iretubing, special attention
should be given to the tube-to-tube-sheet séal welds.

D,0 leakage from the steam generators qnd purge coolers was
detected by a coolling water gamme monltor system and by tritium
analyses of coollng water samples. The gamma monitor was on-line, and
provided contlinuous monitoring. Results of ithe tritlum analyses were
avallable approximately 2 hours after sampling. At the time the reactor
was shut down, leak rates as low as 1 1lb/day could be detected, and
changes as low as 0.5 lb/day could be obserﬁed from the tritium analyses.
The moderator tritium content at shut down Wa.s approximately 400 we/ml.
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Other sources of D,0 leakage were valves, flanges, Joints, monltor
pins, and rotating drive shafts. A program to tighten flanges, valve
packings, and other mechanlcal fittings was set up on a routine basis.
Valves, flanges, and pipe joilnts were wrapped with "Teflon" bags
containing leak detectors. Low radlatlion zones were patrolled routinely
to observe for leakage. Following scheduled shutdowns, high radlation
zones were entered before cooldown to observe for leakage. A leak
collection system to recover leakage from monitor pln connections was
installed.

The total D,0 loss at HWCTR was 21,970 pounds, from January 1962
through December 1964, The average monthly rate was 610 1b., Wide
varlatlons occurred in the reported monthly loss rate obtalned from
inventories. The causes wWere lnventory uncertaintlies and occaslonal
spills 1n which a high, real loss was experienced.
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