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ABSTRACT

The Heavy Water Components Test Resctor (HWCTR) 1s &
pressurlzed, D,0 reactor that has 18 control rods and six
safety rods, each driven by an electric motor through a
rack and pinion gear traln. Racks, pinlons, and bearings
are located inside Individual pressure housings which pene-
trate through flecating ring labyrinth seals. The drives
are mounted on the top head of the reactor vessel., BSafety
rods have electromagnetic clufches and drop into the reactor
when it is scrammed. The reliability and performance of the
rod drives were very good, from initlal critical on March 3,
1962, to termination of operatlon on December 1, 1964. Seal
leakage was well within design limits. Inspection of seals
and control rod parts showed no evidence of deposlt bulldup
or stress corroslon cracking of type 17-4 PH stalnless steel
components. The acclident potential of the system is accept-
ably low,
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PERFORMANCE OF HWCTR SAFETY ROD
AND CONTROL ROD DRIVE SYSTEMS

INTRODUCTION

This report 1s a record of the performance of the control rod and
safety rod drive systems during three years of operation of the Heavy
Water Component Test Reactor (HWCTR). This information ig of special
interest because the drive systems contain parts made from 17-4% PH
stainless steel, which had earlier given rise to problems in cther
reactors.'!! The accident potential of the system 1s analyred and con-
clusions are made concerning the reliability of the drilves and operating
experience.

The HWCTR 1s desighed to test natural uranium fuel assemblies, up
to ten feet long, at powers and exposures expected in full scale power
reactors. The HWCTR is a helium pressurized reactor, cocoled and moder-
ated with D-0. The maximum power 1s about 70 MW and design pressure ls
1500 psig at 315°C. The reactor was designed and constructed by E. I,
du Pont de Nemours and Company for the U. 5. Atomic Energy Commission
under Contract AT(07-2)}-1. It is located at the Savannah River Plant,
Aiken, South Carclina. The reactor and contalnment building are shown
in Figure 1, A complete description of the reactor facility 1s given
in reference 2.

The HWCTR was cperated for the U. S. Atomic Energy Commission by
the Du Pont Company from March 1962, to December 1964, as part of the
development program for power reactors cooled and moderated with D,C.
Operation was terminated and the facility placed in standby condition
when thls USAFC program was redirected toward D,0 reactors that are
organic cooled.

SUMMARY AND CONCLUSIONS

During the three years of operatlon of the HWCTR, none of the
abnormal actions ¢of the control and safety rods ever prevented the
reactor from shutting down promptly or involived adding reactivity at
an unsafe rate. Requilrements of the HWCTR Technical Standards and the
AEC Technical Specifications for the HWCTR were met at all times,

Parts of the control and safety rod system operated abnormally on
fifty-nine occasions. For the purpose of thls report, the word abnormal
is all inclusive; for example, 1t includes such faults as cracked plastic
cover plates and minor diffieculities in latching & rod, On only three
occasions did a control or safety rod fail to insert completely into the



reactor core and these three occurred durlng the first two weeks of
reactor operaticon while tests were belng made with the reactor sub-
critical, Fifty-four perceni of the difficultles occurred during the
initial test period for the reactor., Thirty-seven percent of the
difficulties occurred during nuclear operation of the reactor. Design
changes and lmproved preventive maintenance programs corrected all
deflcienciles,

In April 1963, and December 1964, red drive assemblies and shaft
seal assemblies were removed for inspection., Very little wear was found
and no deposits or foreign matter were found In the close-fitting seal
rings. Parts fabrlcated from 17-4 PH stainless steel showed no stress
corroslon cracking.

Seal leakage at pressures of 1000 to 1200 psig was satisfactery.
Leakage collected from the low pressure end of the seal was about
0.3 1b per hour per seal,

Table I summarizes the rod system difficulties from March 3, 1962,
to December 1, 1864,

TABLE T

Summary of Difficulties with HWCTR Rod Drive System

Number of operating difficulties 59
Mechanical 18
Electrical 31

Cthers 10
Number of difficulties during nuclear cperation 22 {37%)

Number of difficulties during initlal test period 32 (54%)

Total safety rod drops ~1800
Fallures to drop within time limits 11
Too siow 8
Incomplete drop (stuck) 3

-2 -



DETAILS

DEVELOPMENT OF ROD SYSTEMS
DESCRIPTION OF ROD DRIVES

Drives for the twelve Individual contrel rods, slx central cluster
control rods, and slx safety rods are directly above the reactor. Each
of the lndividual control and safety rod drives 1s attached to an indi-
vidual rack drive housing. The drilves for the six central cluster
control rods are attached to a common rack drive housing. The top drive
platform serves as a malntenance platform for the drives, and provides
support for the four Jacks used to 1ift the reactor head. The central
cluster rack drive housing 1s gulded by the platform when the reactor
head 1s 1ifted. Each rack drive housing 1s held 1n alignment by a
sliding-key connection to the central cluster rack drlve housing. These
connections allow differential thermal expansion of the housings.

The entire rack drive housing 1s 20 feet 8-13/16 inches long and
conslsts of a stalnless steel drive housing welded at the top and bottom
to two seetions of two-inch stainless plpe. The bottom section termi-
nates at a flange that is bolted to the reactor head. The top sectlon
is flanged to allow removal of the rack. The vertical houslngs are
shown 1n Flgure 2. A cross sectlon of the reactor 1s shown in Flgure 3.
The rack, pinion, snubblng springs, and bearings are In the housings;
all other drive components are outside the housings.

latches for gripping the control and safety rod polson sections are
at the lower end of each rack assembly; the latch actuating mechanism,
a trapped-nut translating-screw type, is in the upper end. The nut has
gear teeth machined across 1ts ocutslde face so that latching and
delatching can be done by a special tool inserted through a flanged
access port above the drive motor. ZEach rod must be individually
delatched before the reactor head can be removed.

The rack drive plnion gear is spline-coupled to the pressure seal
shaft. One end of the seal houslng 1s bolted to the rack drive housling
and the other is bolted to the 45° bevel gear housing. The seal con-
taine 10 pairs of Stellite and Monel labyrinth rings, a stainless steel
shaft, a stalnless steel low pressure bushing with neoprene O-rings,
and a high pressure Stellite lantern ring. A 45° bevel gear 1s bolted
to the low pressure end of the shaft, ¥Figure ¥ is a photograph of the
seal components, and Filgure 5 is a sectional view of the seal assembly.




The seal 1s a controlled-leakage seal. Filtered heavy water at
30°C is forced into the high pressure lantern ring from an coverhead
seal head storage tank. Becausgse the tank 1s vented tc the reactor gas
space, seal water supply 1s at a constant head. The difference in
elevation between the seals and the head tank 1s about 43 feet. The
seal water leakage path is split; part of the flow goes intoc the
regctor through the drive housing and the remainder goes down the shaft
through the pressure breakdown seal rings., This leakage 1s collected
in the maln D0 storage tank at a pressure of 10 inches H,0.

The seal head tank is supplied from the purification collection
tank by a posltive displacement triplex reclprocating pump. The seals
thus recelve only filtered heavy water.

The bevel gear on the low pressure end of the seal shaft mates
wlth the gear on the lower end cof the 1limit swltch assembly. The
limit switch assembly 1s a traveling-nut, fixed-screw type, with
the shaft serving as an actuating screw and the main drive member.
Upper and lower travel 1imlt swltches are actuated by the traveling
nut. A safety rod drive assembly 1s illustrated in Figure 6.

The gear motor, which drives the plnion, 1s bolted to 1ts rack
housing and 1ls connected to the 1imit switch assenbly with a flexible
coupling. It 1s a 208-volt AC motor with two-speed windings and an
electric brake. The control rod motors are wired for 1140 rpm and
580 rpm operation. The control rod slow speed winding is energlzed
from a varlable frequency generator that gives a rod speed from 0.25 fpm
to 1.25 fpm. On high speed, the rack speed 1s 2.5 fpm., The safety rod
motors have only the high speed winding ccnnected and are always driven
at 2.5 fpm.

A flexible coupling connects a shaft extension of the gear motor
to a position-indicating synchro transmitter. The synchro actuates a
digltal readout indlcator 1n the control house. Only the control rod
drives are equlpped with the position-indicating system, because safety
rods are used only 1n the up or down limlt positlons.

Safety rod drives contaln a clutch assembly between the gear moter
and 1llmlt switch assembly. This assembly contalns a magnetic clutch
that is deenerglzed to effect a gravity-fall scram, and an overrunning
mechanical cam clutch that allows the motors to drive the safety rods
in 1f they do not drop freely. When the reactor 1s scrammed, the
safety rods drop 9-1/2 feet after the clutch is automatically demagne-
tized; the control rods drive automatieally into the core.



REACTIVITY WORTH OF ROD SYSTEM

The lattice arrangement for the HWCTR 1z shown in Figure 7. 'The
24 driver elements are on a circle with a 20-inch radluys. Each driver
assembly consists of a fuel tube, a housing tube, and a burnable polson
target 1n the center of the tube. Inside the driver ring, the ring of
12 control rods 1s evenly spaced on a clrele with a radius of 15,5
Inches., All 12 rods are 1.25-inch~-0D stainless steel that contailns
about 1.0% natural boron by welght. The test region contalned a central
control rod cluster surrounded by 12 test elements on a 7-Inch tri-
angular lattice spacing. The central control cluster contained six rods
similar in construetion to the outer control rods. The six safety rods
are 1.25~inch-0D tubes of 1,04 boron stainless steel, spaced evenly on
a clrcle of 12-inch radius.

The average worth of a single control rod was 0.017 k in the
normal driver-test lattice. The 12 ring control rods were worth 0,20 k.
The worth of the central control cluster was 0.025 k. Under normal
ocperating conditions, the maximum rate at which reactlvity could be
added by control rod motion was 0.0005 k/sec. This rate was attained
during the slmultaneous withdrawal of two ring control rods (normally
palred together) at the maximum rate of 2.5 ft/min from their position
of maximum reactivity worth. This ramp k Input was used in the gafety
analysis that established the scram set points of the automatic safety
clreuits.

The worth of the silx safety rods was 0.09 k. The gafety rods were
normally withdrawn two at a time at g maximum speed of 2.5 ft/min. The
maximum rate of reac¢tlvity addltion during safety rod withdrawal was
0.0004 k/sec. Drive power to the control rods was interlocked such
that all safety rods had to be fully withdrawn before the control rods
could be moved., With the safety rods withdrawn, Technical Standard
requirements at the HWCTR required a minimum shutdown margin of greater
than 1% (AK/K)epp; this margin was always greater than 4% (AK/K) pe for
all HWCTR charges.

DESIGN CONSIDERATIONS

The Engineerling Department of the Du Pont Company deslgned the rod
drive units; starting in the latter half of 1957. A motor-driven rack
and plnion type of drive was preferred because 1t had been proven
relisble, and it was compatible with space restrictlons in the cluster
rod drive package,

In July 1958, the concept of top-located drives was selected. The
major consideration was the fact that in a bottom-located, gravlity scram
concept, the irradlated rod follower sectlon would be driven down below




the reactor, and would create a serious shlelding problem. Other
advantages of top-located drives are simplified deslgn and maintenance
requirements, and the abllity to remove a drive assembly without draining
the reactor. A disadvantage 1s the necessity of delatching all reds to
remove the resctor head.

Because there was no Informatlon avallable at that time as to the
practicality of hydraullc snubblng of the safety rods, an inertial wheel
was deslgned and provision was made for lts possible inclusion. This
inertial wheel would decrease the acceleration of the safety rod and
rack when scramming, so that a mechaniecal spring could be employed for
complete snubbing. Thils assembly was later eliminated from the deslgn
when tests proved the feaslbility of hydraulle snubblng whilch protects
the reactor internal elements in the event of breakage or accldental
delatching of a control rod.

The pressure breakdown, floating ring labyrinth seal was designed
to dupllicate closely the type of seal in use on existing rod drives,
To make 1t a self~contalined assembly, completely interchangeable on
all HWCTR rod drives, it was further reflned to include its own
bearings. This concept of drlving through a seal into the pressure
houslng permitted the use of less exotic materlals than would be
requlred for a canned drive.

Modular deslgn, incorporating lnterchangeasble subassemblies, was
used wherever posslble. The safety rods, control rods, and cluster
control rods vary only in minor details. Motors, coupllngs, clutches,
1imit switch assemblies, bevel gears, and seals are completely inter-
changeable. Because 24 drives were requlred, castings were used as
much as pogsible. Maximum use was made of commerclally avallable

parts.

DEVELOPMENT TESTING

To obtain data for the flnal deslgn, a developmental testing
program was l1nltlated In January 1959, The program was divided into
two categorles: rod latch testing and hydraulic snubblng.

Latching Tests

The latch proposed for the final deslgn was a plvoting finger,
sliding actuator-button type. Two variatlons of the deslign were con~
gldered. The first consisted of three gripping fingers, a finger
housing, and an actuating button and rod. The second design included
a secondary protective houslng into which the fingers and finger



housing retracted after delatching, and a spring to lmpart return
motion. As the additional parts in the second deslgn made 1t more
liable to malfunction, the rellability of the two mechanlsms was
tested. The nonretracting latch is shown 1n Figure 8,

The five-year deslgn-life of each safety and control rod was
estimated as 1000 and 1500 complete cycles, respectively. A satis-
factory latch mechanlsm should thus survive without malfunction at
least 3000 cycles of: enter rod — latch — apply load — relieve load —
delateh — leave rod.

There was no malfunctlon or failure of either latch deslgn during
extenslve testing that included 52 days of expcsure to water flow at
260°C in an autoclave. Both designs were in a simllar condition at the
end of the tests., The nonretracting latch was chosen for the final
deslgn because 1t contained fewer parts than the retracting type.

Drop Tests

When a scram occurs, the safety rods are dropped 9/1-2 feet by
de-energlzing the magnetic clutch. A dashpot at the lower end of the
gulde tube was believed to be the most simple way to decelerate the
rods at the end of the fall,

Tests were conducted to prove the feaslbllilty of hydraulic snub-
bing and to obtailn design data. High speed motion pictures were taken
to record drops so that deceleratlon and impact could be observed,

Drop times of about three seconds and smooih deceleration were achleved
with the following features: 1) a combination orifice and drain hole
at the bottom of the gulde tube; 2) a three-foot dashpet sectlon at

the lower end of the gulde tube, 0.060-inch larger than the safety

rod; 3) water exit holes just above the dashpot section; and 4) an
Inconel spring at the bottom of the tube to absorb the flnal lmpact.
The lower section of the gulde tube 1s shown in Flgure 9.

PROTOTYPE FABRICATION AND TESTING

Prototype testing was necessary to: 1) demonstrate complete
operability and dependabllity before accepting the drives for instal-
lation; 2) demonstrate scram times under precisely duplicated reactor
conditions; 3) confirm that requlred cooling water flow would be
achieved; U4) determine the effect of 315°C operating temperature on
crltical Internal parts,

The prototype fabrication and testing were subcontracted to Alco
Products, Incorporated. They fabricated all drive components except



the gears, racks, rollers, and shaft seals; these parts were purchased
separately. Photographs and mesasurements were taken of subassemblles
and parts that were expected to wear,

Two prototypes were tested between July and December 1959. The
complete test facillty was deslgned and bullit by Alco. Du Pont
furnished a concept layout of an autoclave that duplicated the internal
configuration of the HWCTR. Except for prelimlinary cold cycling, all
testing was carrled out under the maximum expected reactor operating
conditicns of 315°C and 1500 psig, and with water circulation through
the rods. To minimize corrosion, chlorine and oxygen contents of the
test loop were held to maximum limits of 2.0 and 0.7 ppm, respectively.
Nitrogen instead of helium was used for pressurizatlon.

The safety rod drive was dlsassembled and Inspected after 500 cold
cycles. Some minor deslgn changes were made as a result of galling
and binding.

Hot testling was then started and contlnued for 1500 cycles.
Binding occurred on four occeslons, but was attributed to excessive
eccentricity of the gulde tube. Scrams were made on 497 ecold cycles
and 60C hot eycles. Wear and corrosion rates at the conclusion of the
tests were congldered satlsfactory.

The control rcd assembly was tested for 100 cold cycles and
290C hot c¢ycles, wilth only minor electrical difficultlies. The condi-
tion of all parts, except the pinion, was satisfactory at the conclu-
gion. Although pinlon wear was excesslve durlng the test, a control

rod pinion showed no significant wear after three years of reactor
ocperatlon.

The average seal leakage rate durlng the tests was 2.7 pounds per
hour per seal. Total seal water consumption was 3.8 pounds per hour
per seal, Leakage experienced durlng reactor cperation was considerably
different; see "Seal Performance," page 16,

Drop times of 95 scram tests were recorded. The average drop
time was 1.57 seconds. Scram times in the reactor are discussed in
"Safety Rod Scram Times," page 18.

After completion of all testing, the two unlts were disassembled
and shipped te the Savannah River Plant where they were installed on
the reactor after overhaul and replacement of worn parts.



OPERATING EXPERIENCE

There were 59 instances of component fallures or abnormal oper-
ation in the rod drive system during the three-year history of the
facllity. DNone ¢f these prevented or inhibited the reactor from
shutting down promptly or invelved adding reactivity at an unsafe
rate. As shown previously in Table I, page 2, 63% of the problems
were discovered durlng routine checklng or planned inspectlons of the
rod systems, and 54% occurred during the early stages of testing the
new reactor., Many of the problems reported in this sectlon in no way
prohibited normal movements of the rod drive; for example, fallure of
console position indicators or cracked plastic casings on limlt micro-
swltches. The detalled treatment of each component failure, regardless
of consequence or potential, serves to show the excellent performance
of a system that contalned many thousands of mechanical and electrical

components.

Difficulties are listed 1n Tables II, III, IV, and V. Mechanical
component failures are listed in Table ITII, and electrlical component
fallures are lilsted 1n Table IV. Table V ltemizes those malfunctlons
or faillures Involvlng parts of the system other than drive components,
such as gulde tubes and control rods,

Table II lists those incidents shown In Tables ITI, IV, and V,
which oecurred durlng nuclear operatlion of the reactor. Thls cate-
gory comprlsed 22 out of 59 of the total incldents; ten of these
occurred during the low power (<10 kw) test perlod followlng initial

criticallity in March 1962.

The malfunctlons llsted in Table II are divided into slx types:
(1) uncontrolled rod motion, (2) lack of rod motion on demand,
(3) intermittent stops in rod motion, (%) reverse rod motion, (5) slow
rod motion, and (6) lack of rod posltion indication at console., None
of the 1ncldents involved the scram feature of the gafety rod system
or, except In one Instance, the abillty of the control rods to drive
in automatically 1f an automatlc scram had been recelved. Thils
instance, item L4, involved a single control rod whose slow speed motor
had been miswired during a preceding shut down such that the direction
of motlon was reversed. The problem was dlscovered immedlately after
attaining criticality when control rod motion is switched from fast to
slow sSpeed and each Indivldual rod 1s tested.

The only other two instances that lnvolved the addition of reac-
tivity to the system occurred once during the inltiasl-critical test
and once a few days subsequent to that test (Table II, item 1). In
each case, the safety rod control swltch falled so that the swltch
contacts were left in their demand position during an lncremental




TABIE IT

Rod Drive System Melfunctlons During Nuclear Cperation

Descripticn of Problem Rod No, Date Cause
(1) Single rod drove in or out of CR-3 3/3/62 Bakellite cam on individual rod drive
reactor uncontrolled CR-1 3/7/62 control switches falled under turning
force on switch
(2} Roa(g) failed to move on AllL 3/29/62 Cluster rod master drive relay failed.
demand signal from console Jnaulation breakdown.
Various 3/52 Sillcone grease, apprlied by vendor,
CR's In circult breakera on rod drive
dilstribution panel caused shorts.
A1l switches replaced 3/30/62.
All 1/4,/63 When rods switched to slow speed
CR's after attaining critical, no
rods could be driven. All slow drive
switches found turned off.
(3) Intermittent electrical faults Various 3/62 Insdequate auxiliary reley coils.
in relay colls, switches, or CR's on 6 5/62 A1l colls replaced in May 1962.
wiring caused momentary stops occaslons
In rod drives
CR-5,11 6/18/64 Rod pair mementarily feiled to move
on demand durlng power ascension,
Cleared after energizing several
times,
CR-1,7 11/26/64 Intermittent drive interruptions
8,9,10 while at power. Relay contacts
cleaned and trouble corrected.
(4) Control red directlion reverse CR-4 1/4/63 When rods switched to slow speed
from conscle demand after attaining criticality, CR-4
motlon found to be reverse from
demand. Wiring to slow speed moter
had been reversed during previous
ahutdown,
{5) Rod driving slower than normal CR-6 12/2/62 High motor currents during rod with-
CR-% 12/3/62 drawal on slow speed. One motor
bearing rough but not frozen. Inter-
medlate fiber gear showed slight wear.
CR-1 11/18/63 Intermittent high motor currents and
CR-6 11-23-63 slower drive than other rods. Near
end-of-exposure 1llfe on rods. Rods
were slightly bowed when discharged.
(6) Failure of rod positilcn CR-3 6/23/64 Synchrotransmitters falled. Cause
indicators at console CR-12 6/25/64  was not determined.
CR-2 7/64
CR-6 9/22/64
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out-motion of the rods,

motion.

page 13.

MECHANICAL. FAILURES

No real safety hazard was Involved in elther
case because the total worth of a single safety rod (about 0.015 k)
was so much smaller than the shutdown margin at the lnstant of the
two events {about 0.10 k and 0,13 k, respectively). In both cases, a
manual scram was inltigted immediately upon the advent of uncontrolled

Details of the switch failure are in "Electrical Fallures,"

There were 18 mechanlcal fallures of rod drive components, Table
ITIT shows that six occurred in March and April 1962, The first two
1tems in the table were caused by personnel errors. Safety rods 2 and

TABLE III

Rod Drive Component Mechanical Fallures

Degcription

Remarks

(1) Broken or bent lateh fingers

(2

(3

(4

(5

(6

(7

)

)

)

—

)

—

and lateh actuator rod

Sesal apacer galled on seal
shaft

Backup roller and rack galled
Roller not rotating freely on
shaft

Deformation of safety rod
cluteh shaft caused clutch to
bing

Actuating cam on limit awitch
broken

Cracked safety rcd cam clutch

Binding in reductlon gear
e3semblies or motor bearings

Rod No. Date
SR-2  3/3/62
8R-3  3/3/62
SR-5 4/5/64
SR-3 6/1/64
SR-2 3/17/62
8R-2 3/29/62
SR-5 8/7/64
SR-4 3/10/62
8R-5 y /7/62
SR-3 8/20/62
SR-4 9/8/62
3R-5 9/8/62
SR-2 9/20/63
SR-4 11/18/63
SR-5 12/63
8R-2 3/19/64
CR-6 12,/2/62
CR-Y 12/3/62

Rack scrammed without an attached rod.
Fingers replaced,

Fingers left in closed position when
driving down to lateh.

Rack dropped from upper limit during
delatch operatlons.

Seal lmproperly assembled,

Unknown substance caused binding
between roller and stud. Roller and
stud replaced. Rack smoothed with
file,

Unknown,

Shaft size and hardness not suffi-
cient for load. Stronger shafts
installed.

Under-strength cam, Limit swltch
Improperly adjusted. Stronger cams
installed.

High impact leads and lack of
adequate radii in clutch keyway.

High motor currents during rod with-
drawal on slow speed. One bearing
rough but not frozen. Intermediate
fiver gear showed slight wear.




3 (SR-2 and SR-3) were not latched properly prior to the initiai-
critical experiment. The reactor was made critical and the rods were
scrammed a number of times before the delatched condition was discovered.
The scram tests caused the damage described in the tables; the latch
fingers and actuator rods were replaced.

Pergonnel errcrs are believed to be responsible for three other
mechanical failures, 1ltems 2 and 3 of Table III. The seal shaft galllng
was caused by improper assembly of the seal and prevented the rod from
dropplng completely into the reactor core, It 1ls probable that lubri-
cant was improperly appllied to the backup roller and stud. In the
reactor atmosphere it became sticky and prevented the roller from
rotating freely on the stud. Galllng between the rack and roller
resulted.

On March 10, 1962, the clutch shaft selzed and prevented SR-4
from dropping completely Into the reactor during shutdown testing
{1tem 4)., The motor drove the rod in., It was subsequently determined
that the shaft had been deformed by the clutch cams and was below
specifications for hardness. The same condlitlion in SR-5 was revealed
during an inspection on April 7, 1962. All six clutch shafts were
replaced with larger, stronger shafts in May 1962. A cam clutch rated
at 150-ft-1b torque was also installed to replace the original 65-ft-1b
clutch. Subsequent performance of these new components was satisfactory.

When the broken cam on the limit swiltch was dlscovered on August 20,
1962, it was replaced with & cam having a thicker, stronger actuating
1lip. 1Inspectlion of the remalning five units on September 8, revealed
two more cracked cams. All filve cams were then replaced with newly
degigned cams, Improper safety rod limit switch settings contributed
to the cam fallures. The control rod 'switehes were set properly, and
the orlginal cams on the control rods were satisfactory.

In late 1963, several rods falled to drop freely (item 6).
Investigation revealed that the overrunning cam clutch, used to drive
in a rod that falls to fall, was cracked through the race at the base
of the keyway. This polnt was suspected to be a location of high
stress concentrations because the keyway was cut wilth virtually no
radii in the corners. A crack of thls type 1s belleved capable of
Jamming the c¢lutch and preventing free fall of the rod.

Replacement clutches with 0.020 to 0.025-1nch radil in the keyway
corners were 1lnstalled upon advice from the vendor that these keyways
should have a significant radii.

After the cracked clutch was discovered in March 196k, in a unit
that had a 0.025-inch radius keyway, the practice of driving the safety

- 12 -




rod rack down cnto the latch holdup tool was suspected of causing high
impact loads and resultant cracks. To rectify this situation, latches
were no longer drilven onte the holdup tools but were manually lowered,
even though the operation was time consuming.

In August 1964, all clutches with 0.025-inch radil that had been
in service since March 196k, were inspected after driving the racks
down onto holdup tools 25 times. ©No cracks were observed. The clutches
were than loaded with a static torgue, and four of the six falled. At
the same time, new clutches with 0.060-inch radii were tested 1n the
same fashion, and none falled. The 0.060-inch radii clutches were
irstalled and no failures occurred thereafter, even though the practice
of driving racks onto holdup tools was resumed.

ELECTRICAL FAILURES

Thirty-one electrical failures that caused abnormal rod drive
cperation are listed in Table IV according to type of fallure. Each of
the components falled or caused trouble several times. Twenty-one of
these failures occurred during the initial two-month testing perilod.

Three of the switch fallures (Table IV, item 1) caused rods to
drive out of the reactor. The fourth caused a rod to drive in. Two
of these fallures occurred during nuclear operation and are listed in
Table II. The swltches that falled were a double block selector type
employing & spring return. Turning the control knob 1n one direction
or the other turned a Bakelite* cam that depressed one contact shaft v
and allowed the other to Tise. Due to the heavy spring in the assembly,
enlarged knobs were used to operate the switches. These enlarged knobs
permitted excessive torgue to be exerted on the cam. With no mechanical
stops in the switch, 1t was possible to turn the cam past 1ts normal
end point and break it, PFallure of the cam in this manner left the cam
in the failed position and hence the switch contacts in the last
posiltion demanded. The rod drives could only be stopped by scramming
or turning off the power. All of the swiltches were replaced with
switches employling metal cams with mechanical stops. Replacement was
completed on March 30, 1962, and no more failures occurred.

Clutch colil failures (Table IV, item 2) in 1962 were caused by
excessive voltage to the ccil. Reslstors were inserted In the circults
to reduce the voltage to design value. As a backup, a coil with a
higher temperature class of insulation was successfully tested and was
available for use. BShorting occurred twice again in 1964, but the
cause was not determined.

* Trademark of Bakellte Corporation for organlc polymers.
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TABLE IV

Rod Drive Component Electrical Failures

Description Rod No. Date Remarks
{1) Broken rod drive control CR-3 3/3/62 Bakelite cams could not withstand
switch cam CR-1 3/7/62 turning force on switch, Switches
SR-4 3/22/62 were replaced on 3/30 with metal
CCR-5 3/23/62  cammed switches.
{2) Shorted or grounded safety rod 8R-3 3/21/62  Fallures in 1962 caused by excesslve
clutch noils SR~3 4/18/62 voltage applied to coils. 1964
SR-2 7/25/62 failures were from insulation break-
SR-3 8/14/62  down due to age or defect, cause
S8R5 5/11/64% not established.
SRw2 8 /24 /64
(3) Relay coil or contact failure  All 3/29/6%  Insulatlon breakdown in cluster rod
CCR master drive relay.
CR-3 3/5/ 62 Insulation breakdown in motor
starter overload relay.
SR=k 3/17/62 Open in relay coll for safety rod
clrculit Interlock.
SR-4 3/62 Silicone grease applied by manu-
CR~6 Tacturer caused shorts in rod drive
clrcuit breakers., All switches
repleced March 30.
SR-5 3/3 to Cages on seven up or down limit
and 6 4/6/62 microswitches cracked during
others assembly of housing cover. Swiltches
modified to prevent damage.
Varicus 3/62 to Inadeguate insulation on auxlllary
CR's 5/62 relay coils, All colls replaced in
Mey 1862,
CR-5 6/18/64  Poor or dirty contacts on control
and 11 rod drive switches. Switches ener-
glzed several times and fault
stopped.
CR~1,T, 11/26/64 Motor power interlock relay contacts
8,9,10 cleaned and trouble corrected.
{4) Failure of rod position indi- CR-3 6/23/64%  Syichro-transmitter fallures, cause
cators at control console CR-12 6/25/64  not determined.
CR-2 7/64
CR-6 9/22 /64
{5} Loose or incorrect wiring CR-4 1/4/63 Wiring to slow speed motor winding
reversed during shutdown work.
All 7/4/64 Disconnected wire found in scram

relay reset clrcuit.



Circuit breakers, relay coils, and poor contacts gave erratic and
unrellable service during the initial testing period. Thirteen of the
fifteen failures listed in Table IV, i1tem 3, occurred in March and
April 1962. Replacement units supplled by the vendors gave satis-
factory service,

Cracked microswitches were discovered on April 6, when the limit
switch was disassembled to lubricate the gulde., Although the crack
extended almost completely around the swltch case, the case had not
come apart and the switch had operated satisfacteorily., The switches
were cracked in either of two ways: (1) at the time the limit switch
was assembled, the contact button struck the side of the actuating cam
and wasg cracked when the 1limit switch case cover was tightened; or
(2) during the time the safety rod switches were adjusted upward too
far, the contacts did not have a sufficilent overtravel. To allow
easler assembly of the limilt switch, the conftact buttons were rounded
off. The practice of moving the swltches up was discontinued in
April 1962, and after that time no fallures occurred.

OTHER MALFUNCTIONS

Malfunctlons or fallures involving parts of the system other than
rod drive components are shown 1n Table V. During the first month of
nuclear operation, the scram drop times of SR-5 and SR-6 were conslst-
ently faster than those of the other four rods. Absence of the rod
support spring at the bottom of the guide tube was suspected as the
cause. SR-5 and 1fts upper and lower gulde tubes were dlscharged for
examination. Although the rod, upper gulde tube, and support spring
assembly were in satisfactory condltion, the lower end fitting that
attaches to the lower guide tube was loose. The guide tube for SR-6
was in a simllar condltion. The end fitting was not Inserted far
enough into the flared Zircaloy gulde tube to make a good Jolnt. This
poor fit provided an extra opening for the escape of D,0 from the
snubbing section of the gulde tube and thus resulted in fast drop times.

All ring contrcl rod and safety rod guide tubegs were then dis-
charged and X-rayed to determine the amount of contact. Eleven had
unsatisfactory contact; the end flttings were repalred to provide
adequate contact and a strong joint. The fittings were also machined
to provide the same amount of rod insertion.

A second set of gulde tube failures occurred in April 1964, (354)
These were detected when safety rod SR-5 dropped into the reactor too
rapldly on a routine test during shutdown. A few days later, SR-4
als¢o dropped too rapldly., Four of the gulde tubes were found to be
either split open or broken and split. The fallures were at the necked-
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down transition section 1n the Zircaloy tubing. The cause of the
fallures was believed to be high stresses induced in the thin wall
tubing during hydraulic snubbing of a safety rod.

The tubes were replaced with spares which operated satisfactorily
until termination of reactor operation. In addition, a further replace-
ment set of guide tubes with a modified transition section (necked-down
area leading into the hydraulic snubbing section) was ordered. The
transition gection was lengthened from about 1/4 inch to one inch
s0 that rod deceleration would be less abrupt, thus reducing the
hydraulic snubbing forces, As a result of Intervening work hetween the
criginal and replacement orders, an improved Zlrcaloy that was less
susceptible to hydrogen embrittlement arising from corrosion of the
Zircalcy was used for the replacements.

Replacement of the bowed rods (Table V, item 3) with unexposed rods
eliminated the binding difficulty. Cause of the bowing, whether from
long use, radiation induced, or a combilinatlon of the two, was not
resolved,

TABLE V

Malfunctions and Failures Not Involving Drive Components

Description Red No. Date Remarks
(1) Insufficlent engagement 3R~5 3/20/62 End fitting on lower gulde tube
between guide tube and end SR-6 loose, thus partially negating
hydraulic snubbing.
(2) Broken lower guide tubes SR-5 4 /2 /64 High hydraullc snubbing forces.
SR-4 4 /7/64

SR-6 4 /11 /6%
SR-2 4/11/64

(3) Binding of rod(s) in lower CR-4 11/18/63 When raised manually, rode bound in
gulde tube CR-6 11/23/63 first four feet at certaln orien-
CCR-3 1,2,3/64 tations. Inspection ghowed slight
CCR-4 2/15/64 Tbow in rods, As rods were near
maximum exposure life, cause
thought to be related to exposure.

SEAL PERFORMANCE

The performance of the 24 seals was very satisfactory. The only
case of seal fallure was due to improper assembly (a spacer galled and
seized the shaft).

Seal leak rates for operation at pressures of 1000-1200 psig and

reactor temperatures of 200-250°C are listed in Table VI. The average
seal out-leakage to the low pressure system was 0.3 1b per hr per seal.
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Circuit breakers, relay coils, and poor contacts gave erratic and
unreliable service during the inltlal testing period, Thirteen of the
fifteen failures listed in Table IV, item 3, occurred in March and
April 1962. Replacement units supplied by the vendors gave satis-
factory service.

Cracked microswitches were discovered on April 6, when the limit
switch was disassembled to lubricate the gulde. Although the c¢rack
extended almost completely around the switch case, the case had not
come apart and the switch had operated satisfactorily. The swltches
were ¢racked in elther of two ways: (1) at the time the 1limit switch
was assembled, the contact button struck the slde of the actuating cam
and was cracked when the limit switch case cover was tightened; or
(2) during the time the safety rod switches were adjusted upward too
far, the contacts did not have a sufficient overtravel. To allow
easier assembly of the 1imit switech, the contact buttons were rounded
cff. The practice of moving the switches up was discontlnued in
April 1962, and after that time no fallures occurred.

OTHER MALFUNCTIONS

Malfunctions or failures involving parts of the system other than
rod drive components are shown in Table V. During the first month of
nuclear operation, the scram drop times of SR-5 and ER-6 were consist-
ently faster than those of the other four rods. Absence of the rod
support spring at the bottom of the guide tube was suspected as the
cause. SR~5 and its upper and lower gulde tubes were dlscharged for
examination, Although the rod, upper guide tube, and support spring
assembly were in satisfactory condition, the lower end fitting that
attaches to the lower guide tube was loose. The guide tube for SR-6
was 1n a gimilar condltion. The end fitting was not lnserted far
encugh into the flared Zlrcaloy gulde tube to make a good Joint. This
peor fit provided an extra opening for the escape of D;0 from the
snubbing section of the guide tube and thus resulted in fast drop tilmes.

All ring conftrol rod and safety rod guide tubes were then dils-
charged and X-rayed to determine the amount of contact. Eleven had
unsatisfactory contact; the end flttings were repalred to provide
adequate contact and a strong Joint. The filttings were also machined
to provide the same amount of rod Insertion.

A second set of guide tube failures occurred in April 1964, (2,4)
These were detected when safety rod SR-5 dropped 1nto the reactor too
rapldly on a routine test during shutdown. A few days later, SR-4
also dropped too rapldly. Four of the gulde tubes were found to be
either split open or broken and split. The fallures were at the necked-
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This rate is much less than that determined for the prototype. The
total inleakage, however, of 7.1 1lb per hr per seal up to April 1963
was about twice as great as that of the prototype. In the period
between May and November 1963, total seal supply dropped to 77 1b per
hour. Thus, total inleakage was reduced to 3 1b per hour per seal.

The reason for thils apparent decline in seal consumption was attributed
to recalibration of the measuring rotameter. Out-leakage remained at
0,3 1b per hour per seal.

TABLE VI

Seal Leakage Rates, 1b/hr

Total seal cutleakage 7.1
Average seal outleakage per seal 0.3
Smallest outleakage of any seal 0.1
Total seal inleaskage to reactor 171.0 - 77.4
Average seal Inleakage %o reactor per seal 7.1 - 3.2

At the maxlmum rod drive speed of 2.5 fpm, the seal shaft speed
is 7.67 rpm, or a rubbing velocity of 1.25 fpm. During scrams, the
peak shaft veloeity reaches 400 fpm. Iubrication is provided only by
the leakage of D0,

The seals of control rods 4 and 6 were inspected in April 1963, to
determlne the extent of wear, corrosion, crud bulldup, and stress
corrosion cracking. Seal parts are exposed to D0 at 25 to 30°C. The
seal shafts, seal rings, lantern rings, bushings, and rack drive piniecn
shaft were measured. There was from 0.00C01-inch to 0.0007-inch wear on
the shafts. Dimensions were unchanged on the other parts (excessive
wear of the pinicn was noted durlng prototype tests). The shafts and
seal rings were very clean and no deposits were found. Only very light
wear marks were observed. There was no corrosion on any of the seallng
surfaces. Photographs of the inspected seals are shown 1n Figures 4,
12, and 14,

In December 1964, after termination of reactor operation, the seal
from control rod 9 was disassembled and inspected. Again, the shaft
and seal rings were very clean and there were no deposlits. From these
inspections it is concluded that no corrosion or crud buildup cccurred
in the seals.
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SAFETY ROD SCRAM TIMES

To provide the protection required by the Technical Standards,
the safety rods must be inserted 904 into the core wlthin 1.50 seconds
of receipt of a scram signal. In approximately 1800 safety rod drops
(300 scrams), there were only three occasions when a safety rod did not
fail completely into the core. On all three occasions, the reactor was
subcritical prior to the drop. However, even on these occasions,
technical requirements for negative reactivity were met and shutdown
would have occurred had the reasctor been critical because only five of
six safety rods are needed tc shut down the reactor. The causes of
two of these fallures were discussed in "Mechanical Failures,'" page 11.
The third case occurred prior to the initial-critical on March 3, 1962,
and the cause was not established. After sticking initially, the
safety rod was driven out and scrammed many times without further
difficulty.

Drop Time Measurements

Two types of problems were encountered in measuring the time
regquired for 90% insertion to ensure that the safety rods dropped fast
encugh to meet the fast shutdoewn requirements. Because position
indicators were not installed on the safety rods, an electronic counter
was attached whenever drop time measurements were desired, To time the
fall, the upper and lower limit switch relays were used to actuate the
counter cr recorder. The first measurements, made Jjust prior to the
initial reactor startup, showed that the total drop time (100%
ingertion) was not a good indication of the shutdown capabilities
of the safety rods. The times were between 1.72 and 2.60 seconds;
however, a considerable proportion of the time was required for the
last one to two inches of travel.

Springs at the bottom of the guide tube abscrb the final shock of
the fall, When the rod drops freely, it is slowed cnly by mechanical
and hydraulic friction for the first 6-1/2 feet. However, in the
dashpot section, the rod is decelerated almost tc a stop by the time
it hits the spring. The motor, through the overrunning clutch, then
drives the rod to the bottom 1imit, compressing the spring about an
inch. The time required for thls is variable and qulte sensitive to
small differences in limit switch settlngs.

To ellminate measuring thls "dead" time, the bottom limit switches
were at first adjusted up from one to two inches for measurements.
Because the rods accomplish thelr nuclear functions when they reach
90% insertion, this technique was permissible. However, to cobtaln
proper latching, it was then necessary to lower the swltches after each
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measurement. Not only was thls time consuming, but these adjustments
caused switch failures (see "Electrical Fallures,'" page 13).

Although the logleal solution was to measure or record electroni-
cally the actual time for S0% insertion, no readily accessible means
existed for obtaining a slgnal from the drives. Motion plctures were
made of one of the accessible gears in the drive train, From the
movies, time-displacement curves were constructed for all rods. These
curves showed that only 54% of the total drop time was requlred for 90%
ingertilon and that driving the last two Inches reguired 30% of the time.

Additicnal drop tests were made at various moderator temperatures
and flow conditions to determine theilr effect on scram times. Total drop
times for temperatures up to 250°C are shown in Figure 18. Rod dis-
placement and velocity curves are shown in Flgure 19, The average time
required for 90% insertion was 1,16 seconds at 25°C, and 1.08 seconds
at 240°9C. The maximum acceleration achieved was from 0.8 to 1.3 g.

Time-displacement measurements were needed perlodically because
the drop characteristics of the rods could be altered by wear of recd
drive parts, corrosion buildup, and other factors. Because the pro-
curement and processing of data from the motion plctures was very time
consuming, a system including high speed pctentliometers to provide an
accurate method of recording the time-dlstance relation was designed.
The potentiometers were coupled to the 1imit switch bevel gear, and the
voltage cutput was Ced to a high speed electronic recorder. Only two
units were fabricated, They were used one at a time when the reactor
was shut down. Periodic measurements were made to ensure that the
safety rods continued to furnish the necessary scram protection.

Drop times were measured once per week for the first two months
of reactor operation while the low power physics studiles were conducted.
After this period of satisfactory perfoermance, operation at significant
power levels commenced and the interval between tests was increased to
a month, After six months of operation, the measurement interval was
chanhged to twice a year. In addition, measurements were required when-
ever any part of the drive train was physically disturbed.

Difficuities in Meeting Scram Time Specifications

During tests conducted while the reactor was shut down, safety
rods failed to drop into the reactor within specified limits on eight
occasions. Cam clutches cracked on three occasions and the rods were
driven in, rather than dropping in freely. Inadequate lubrication of
the limit switch actuator nut gulde, and galling of the rack backup
roller, each slowed a rod once. In the other instances, maladjustment
or drifting of the limit switch setting was at fault.
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Adjustment of the upper and lower switches was difficult. Indi-
vidual Microswitches were adjusted up and down by rotating thumbscrews
‘that projected through the cover plate of the housing. The total
available adjustment was worth 6-1/4 inches of rack travel for each
switech. To move the rack setting one inch required 0.040 inch of switch
movement, equivalent to 1-1/3 rotations of the thumbscrew. The adjusting
thumbscrew had a locking nut, Moving this nut had the undesirable effect
of moving the Microswitch a small amcount. Bach time rod drive compo-
nents were removed or installed, the switcheés had to be reset to give
the correct amount of travel, The settings were verified by actual
measurement of rack travel from the top flange of the drive housing.

This required depressurization of the reactor and the resultant waste
of heliur and D, gas.

Except for these eight occasions, drop time specifications were
always met, The other individual compeonents ¢f the drive never caused
the rods to be too slow.

ACCIDENT POTENTIAL

A recent report on the experience with control rod systems at
96 AEC-licensed reactors evaluated their performance by examining two
capabllities: (1) the abllity of a system to shut down a reactor
promptly when a condition arose that could damage the reactor, and
(2) the ability to limit the rate of reactivity addition so that fuel
temperature increages did not exceed the heat-transfer capability of
the reactor cocling system.(5) The problems were divided into four
types: (1) stuck rods that delayed scrams, (2) difficulties with
latehing and control mechanisms, {3) instrument circuit problems, and
(4} materials problems. Other reports'*18s7) on reactors with rod
system components and materials similar to these in the HWCTR dwell in
greater detall on problems of type 1 and 4.

The accident potential of the difficulties with the HWCTR rod
system has been compared to similar problems reported in the above
references. As stated previously, none of the difficulties experienced
with the HWCTR system ever prevented the reactor from shutting down
promptly or Involved adding reactivity at an unsafe rate.

STUCK RODS OR ROD DRIVES
One of the six safety rods failled to insert completely into the
core on three occasions during tests while the reactor was shut down.

Cn eight ceccaglong, the drop time of a safety rod was in excess of 1its
gpecified 1imit., There were 14 instances in which the seal, other
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rotating mechanical parts, or the rod itself caused or was suspectsd
of binding or sticking. In all but two of these 25 instances, the
probiem was dlagnosed and corrected. In these two exceptilons, the
problem did not persist long enough for study.

The accident potential of the abrnormal movement of one or two
rods during a shutdown condition is small because the worth of a single
rod in the HWCTR control system 1s small compared to the total shut-
down margin.

The worths of rods in the HWCTR control system are 0.017 k for a
control rod, 0.025 k for all six cluster control rods, and 0.015 k for
a safety rod, all of which are small compared to the total shutdown
margin of C¢.13 k.

The accident potential of abnormal rod movements during nuclear
operation is severely restricted by chooslng scram set polnts for all
automatic safety circuite such that a ramp input of 5 x 107% k/sec is
arrested before the heat flux of any fuel assembly exceeds TO% of the
burnout heat flux. This reactivity increase corresponds to the move-
ment of two rods at fast speed and at the point of maximum worth.

The only parts in the HWCTR system that are considered susceptible
to troubles similar to those described in reference 6, and that have
the potential, though remocte, for negating more than one rod at the
same tlme are the shaft seal which might stick or Jam, and the rod,
which might bow.

Seal performance, discussed on page 16, has shown that this design
1s essentlally trouble free. As the seal supply water 1s taken
directly from the effluent of the purificaticn system, which keeps the
maximum particle size to about 10 mlicrons, crud buildup has not been a
problem, The seal parts, shown in Figures 4, 12, and 14, were free
from crud and corrcsion when they were removed from the reactor in

April 1963, and in December 1964, after one and three years cof oper-
ation, respectively.

Red bowilng, dlscussed on page 16, caused an individual rod to
drive slowly on four occaslions. In each case, the bowlng appeared to
be associated with a radiation-induced damage near the end of the use-
ful life of the rod, although this was not difinitely established.
Because the safety rods were not in the neutron flux during operation,
they had no effect on the prompt shutdown of the reactor, The small
reactivity worth of a single control rod and the practice of using

fresh control rods for each drilver cycle provided adequate protection
agalnst this accldent potential.
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LATCHING AND CONTROL MECHANISMS

About 40% of the mechanical and electrical malfunctions and
fallures reported previocusly (pages 11 and 13) were concerned with
latching and control mechanisms. Because the drlves for the control
and safety rods are mounted on the reactor vessel head, and latching
and delatching operations take place with the reactor shut down with
8ll rods Inserted fully lnto the core, the nuclear accident potential
is nil. Subsequent to the latching problem that occurred during the
initial critical test (Table III, item 1), each latch-rod Joint was
inspected after each latch operatlion with a borescope inserted through
an opening in the reactor head. In addition, after attalining criti-
cality but before raising power, the nuclear response of each control
and safety rod was tested by movement of the rod.

Only cne of the electrical ccntrol fallures reported previously
(page 9 ) affected the ability of a rod to scram automatically. This
Instance involved a wiring error that reversed the direction of a
single contrel rod. During the first month of nuclear operation,
fallures of rod drive control switches caused a slngle contrel rod to
drlve out in three instances and to drive in on one occasion. All rod
drive swilitches were replaced with switches of a better degignh and no
more failures occurred. The remaining control failures prevented the
normal movement of a rod but dld nct Inhibit the automatic scram
feature.

INSTRUMENT CIRCUIT PROBLEMS

Difficulties associated with the instrumentatlon in the scram
circults have not been discussed previcusly in thils report. Redundancy
of independent scram instruments, e.g., four high level flux monitors,
two log-N period monitors, two low pressure monitors, interlocks to
prevent removal of more than one of two or two of four instruments
without an automatic scram, and procedural control of required on-line
ingtrumentation successfully prevented this type of problem from
invalidating the safety functlon of a type of instrument.

MATERIALS PROBLEMS

In December 1960, failure of type 17-4% PH stainless steel control
rod parts wag reported in the Dresden Nuclear Power Station of the
Commonwealth Edison Company.(l) These parte were fabricated by the

Atomic Power Equipment Department of the General Electric Company.

S8imilar parts of the same material were also belng fabricated for
HWCTR at that time by the General Electric Company. The problem was
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studled in detall with the Dresden reactor operator and the vendor.
Seventeen parts in each HWCTR rod drive unit made with 17-4 PH stainless
steel were exposed to D,0 or D0 vapor and helium. The temperature
ranged from 250°C at the latch fingers to 30°C at the seal parts.

It was concluded that the material to be used must be aged at
1100°F, and then fabricated by techniques that would keep parts free
of residual stresses, These procedures were expected to provide a
satisfactory combination of strength, corrosion resistance, wear, and
galling resistance under HWCTR operating conditions. The moderator
water conditions are listed in Table VII. A test program was conducted
at the Savannah River laboratory and the conclusions were confirmed.
Great care was taken to ensure that all 17-4 PH stainless steel contrcl
rod and safety rod parts used in HWCTR were properly heat treated and
fabricated.

TABLE VIT

HWCTR Moderator Conditilons

pD 10.%-11.0
Chlorides 0.1 ppm
Oxygen 0.01% ppm

The posgible results of the fallure of type 17-4 PH parts were
analyzed; 1t was concluded that only four of the 17-4 PH parts in the
rod drive could prevent rod insertion. The complete analysis 1s given
in Appendix A.

To obtaln further assurance that the parts were not cracking, cone
control rod drive and two seals were inspected 1n April 1963, and
another control rod drive and seal agsembly were inspected 1n Decenber
1964, The 17-4 PH parts, together with type 304 parts, were inspected
with dye penetrant. No cracks were found. Photographs of the inspected
parts are shown in Filigures 10 to 17.
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FIG. 1 THE HWCTR CONTAINMENT BUILDING
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Y RODS

FIG. 2 THE DRIVE MECHANISMS FOR THE CONTROL AND SAFET
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FIG. 4 SEAL SHAFT ASSEMBLY AFTER ONE YEAR OF SERVICE
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FIG. 5 CROSS-SECTIONAL VIEW OF SEAL ASSEMBLY
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FIG. 6 SAFETY ROD DRIVE ARRANGEMENT
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@ 24 DRIVER FUEL POSITIONS

These positions can also be used as fest posilions,

@ 12 TEST POSITIONS

Diametet 3.5 inches
Diameter Length 10 feet
Six outer positions - 3.3 inches
Six inner positions 3.8 inches Typical driver fuel is tubular with cross-shaped target
pieces and has the composition:
Length 10 feet
Core 9.3 wt % enriched uranium

Typical test fuel assemblies are ttbes and rods of natural (108 & UP5/1e) in zirconium

or slightly enriched uraniuvm or uranium oxide clad with Cladding
Zircaloy-2 or -4. and Housing Zircaloy-2
Target 304 stainless steel with

0.36 wt 9, natural boron
(0.60 g boron/It)

Design bumup is 40% of the 22.9 kg of LI L

—63_

® & INSTRUMENT POSITIONS

Diameter 1.0 inch
Length 10 feet

18 CONTROL RODS
Size o § SAFETY RODS
Diameter 1-1/4 inches
Length 4 feet 10-71/8 inches fpprcmmole diometer Sive
Composition core: 77 inches Diameter 1-1/4 inches
& 17 black rods 304 stainleas steel with Length 9 feet 10-1/8 Inches
1.05 wt % natural boron Composition 304 stainless steel with
O 1 gray rod 304 siainless steel 1.05 wt % natural boron

FI1G. 7 LATTICE ARRANGEMENT OF HWCTR
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FIG. 11 RACK PINION AFTER ONE YEAR OF SERVICE
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FIG. 12 SEAL SHAFT AND RINGS AFTER ONE

YEAR OF SERVICE

MODERATE CORROSION

FIG. 13 RACK UPPER EXTENSION AFTER ONE YEAR OF SERVICE
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FIG. 14 SEAL COMPONENTS AFTER ONE YEAR OF SERVICE

FIG. 15 DELATCH PINION AFTER ONE YEAR OF SERVICE
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FIG. 16 BEVEL GEAR AFTER ONE YEAR OF SERVICE

FIG. 17 BACKUP ROLLER AND STUD AFTER ONE YEAR OF SERVICE
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FIG. 18 SAFETY ROD DROP TIMES AT VARIOUS MODERATOR TEMPERATURES
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APPENDIX

POSSIBLE RESULTS OF STRESS CORROSION FAILURE -
TYPE 17-4 PH ROD DRIVE COMPONENTS

Safe reactor control 1s the prime requirement of the rod system;
therefore, c¢lassification of the 17-4% PH parts was based on the possible
consequences resultling from failure. A part is classified critical if
its failure could prevent rod insertion in some manner. A description
of the critical and noncritical parts 1s glven below.

CRITICAL PARTS
Roller Stud

The roller stud 1Is the shaft on which the rack backup roller runs.
It is only remotely concelvable that a certain mode of fallure might
cause the rack to jam, thus preventing rod motion.

Pinion
The pinion engages the rack, transmitting motion to the rod.
Fallure of the pinion would probably cause the rod to drop intoc the

reactor core, but there 1s a small possibility that it could jam the
rod, preventing movement.

Rack

The rack attaches to and supports the welght of the rod. Fallure
of the rack would have the same possible consequences as fallure of
the pinlon.

Washer
The washer takes the thrust loading of the pinion. There 1s a slight

probability that fallure could cause the rack to Jjam, but only if a
plece of the washer falls into an unfavorable location.

NONCRITICAL PARTS
Spline Coupling
The spline coupling 1s a part of the drive traln from the motor

to the rack. Failure would cause the rod te drop into the reactor
core.
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Seal Bushing

The bushlng 1s a spacer in the shaft seal housing. Fallure
would have no unfavorable effect on rod insertion.

Seal Shaft

The shaft is part of the drive train. Fallure would cause the
rod tc drop into the reactor core,.

Spacer

The spacer holds the end of the roller stud. Failure would have
no unfavorable effect on rod insertion.

Delatch Rod

The delatch rod uncouples the control or safety rod from the rack.
Failure wculd prevent normal delatching but would have no adverse
effect on rod motion.

Spring Housing

The spring housing holds the upper 1imit spring. Failure would
result in leoss of energy absorption at the upper 1imit of rod travel,
if the 1imit switech falled. There would be no effect on rod insertion,

Plug

The plug holds the roller stud in.place agalnst reactor pressure.
Most types of fallure would result in a slight leakage of reactor
blanket gas, but in the unlikely complete loss of thread engagement,
the roller stud could be blown out resulting in serious but not
catastrophic leakage and reactor pressure reduction.

Upper Extension

The upper extension delatches the rod from the rack. Fallure
would have no effect on rod motion, but wouléd prevent normal delatching.

Latch Finger

The latch fingers attach the rod tc the rack. Failure would drop
the rod Intc the reactor core.

Delatch Pinien

The delatch pinion delatches the rod from the rack. Failure
would prevent normal delatching, but would have no effect on red
insertion.
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