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Question 421.43

Sectlon 7.7.1.3.2 of the PSAR deals with the Rod Position Indication System,
Discuss the design criteria for this system.

Response:

The basic criterla for the Rod Position Indication System are 1) to provide
redundant Indication of primary control rod position over the full range of
possible rod movement and 2) provide position Information necessary to Insure
that maximum control rod misal Ignments are |Imited to a value less than %1.5

Inches,

To meet the firs! ~+Iterlon two diverse and Independent measuring systems are
provided. Each system Is capable of measuring the position of the primary
rods throughout their range of motion, The Absolute Rod Position Indication
System (ARP|) determines the position of the control rod absorber through the
position of the mechanism lead screw relative to the control rod drive
mechanism. As the ARP| provides a direct measurement of rod position, It does
not lose its reference after a scram or temporary loss of power.

The Relative Rod Posltion Indication system (RRPI) determines the position of
the control rod absorber by monitoring the rotation of the roller nut which
operates the lead screw. Because the roller nut opens to allow the lead screw
to drop during a scram, the RRP| loses [ts reference and must be rezeroed
after such an event.

To Insure that the second deslign criterion Is met, It is necessary to provide
system accuracy such that event when readout, accuracy and position
uncertalnty assoclated with the position of the absorber assembly relative to
the reactor core are considered, rod misalignments are |imited to a value less
than 1.5 Inches. The accuracy of the RRPi and ARPI, each belng better than
+0.3 Inches, Insures that the second criterion is met.
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Question 421,51

Using draw!ngs (schematics, P&ID's), descrlbe the autamatic and manual
operation an. control of t+he atmospheric relief valves (superheater),
Describe how the design complies with the requirements of (EEE-279 (l.e.,
testabil Ity, single fallure, redundancy, Indicatlion of operabll!ty, direct
valve posltion Indication In control roam, etc.).

Response:

The atmospheric rellef valves on the superheater outlet |ine, valves 535GV106,
107, & 108 in Flgure 5.1-4, provide overpressure protection for the
superheater and also provide superheater blowdown capability In the event of a
sodlum/water reaction event,

The overpressure protection Is provided when the steam pressure reaches the
vaive set pressure., The steam pressure overcomes the force exerted by a
spring on the pllot valve and opens the pllot valve. This action then causes
the main valve to go to the full open position, where it remalns untll the
pressure In the steam |ine Is reduced below the set pressure. Both the plint
valve and the main vaive then close, This valve is designed to meet all
requirements of the ASME Code, Section Ill, Class 3, for overpressure
protection devices,

An electro-pneumatic actuator 1s Installed on the pllot vaive of each
superheater and evaporator relief valve, which can open, but not close the
valve. For evaporator and superheater blowdown following a SWRPRS event, the
rellef function is actuated autamatical ly when the SWRPRS is activated (See
PSAR Section 7.5.6.1.2 and Figure 7.5-6 for SWRPRS trip logic). SWRPRS
actuation of these valves Is not safety related.

Each evaporator and superheater outlet rellef valve can also be opened
individual ly by means of a control button on the malin control panel., This
control, along with other valve controls, permits the operator to isolate and
blow down a single module In the event that a small leak is Identifled in an
evaporator or the superheater module and the plant Iis being shut down before a
rupture disk bursts.

The reguirements of |EEE-27% do not zpply to the superheater outlet
safety/rel ief valves, since these valves perform their overpressure protectlion
function Independent of the electro-pneumatic actuator. Overpressure
protection is discussed in Section 5.5.2.4 of the PSAR.
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Valve position Is Indicated In two ways:

(1)

(2)

An electromagnetic switch senses the position of the electro-pneumatic
actuator on the pliot valve stem and actuates position |ights in the
maln control to verlfy the pliot valve has been opened electrically.

Acoustic sensors are attached to the valve discharge plpes near the
valve outlet to verlfy the presence of flow through the valve and
actuates a group alarm In the maln control roam. The acoustic sensors
are capable of detecting small leaks from a valve which has closed,
but not fully re-seated itself and thus, provide direct Indication of
valve position,
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Question 421.53

Section 7.2.1.1, paragraph 2, of the PSAR states the Primary RSS Is comprised
of 24 subsystems and the Secondary RSS Is comprised of 16 subsystems. Each of
these subsystems consists of three physically separate redundant Instrument
channels. Thls Information contradicts the information In Table 7.2-1 and
Figure 7.2-2B and 7.2-2D, which shows there are 8 subsystems In the Primary
RSS and 7 subsystems In the Secondary RSS. Shouldn't It be that the Primary
RSS al lows 24 Inputs, the Secondary RSS &llows 16 Inputs? There are 8
subsystems In the Primary RSS providing 17 Inputs to the Primary RSS loglc and
the Secondary RSS consists of 7 subsystems providing 16 Inputs to the
Secondary RSS loglc as follows:

PLANT PROTECTION SYSTEM PROTECTIVE FUNCT IONS

Primary Reector Shutdown System £ of Inputs
1. Flux-Delayed Flux (Positive and Negative) 2
2. Flux-Pressure 1
3. High Flux 1
4, Primary to Intermazdiate Speed Mismatch 3
5. Pump Electrics 3
6. Reactor Vessel Level 1
7. Steam-Feedwater Flow Mismatch 3
8. |IHX Primary Outlet Temperature 3
9. 7 Spare
Secondary Reactor Shutdown Jystem
1. Modlifled Nuclear Rate (Positive and Negative) 2
2. Flux-Total Flow 2
3, Startup Nucleer 1
4, Primary to Intermediate Flow Ratio 2
5. Steam Drum Leve! 3
6. Evaporator Outlet Sodium Temperature >
7. Sodium Water Reaction 3
0 Spare

Response:

The Primary RSS coincidence logic allows 24 comparator inputs, the Secondary
RSS coincidence logic allows 16 comparator inputs. Not all of the potential
inputs are presently utilized. Table 7.2-1 has been revised to Indicate the

number of Inputs.
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TABLE 7.2-1

PLANT PROTECTION SYSTEM PROTECTIVE FUNCT IONS

Primary Reactor Shutdown System

o° Flux-Delayed Flux (Positive and Negative)
0 Flux-Pressure

© High Flux

o Primary to Intermediate Speed Mismatch

0 HTS Pump Frequency

o Pump Electrics

o Reactor Vessel Level

o Steam-Feedwater Flow MIsmatch

© IHX Primary Outlet Temperature
Secondary Reactor Shutdown Jystem

© Modlfled Nuclear Rate (Pesitive and Negative)
o Flux-Total Flow

o Startup Nuclear Fiux

o Primary to Intermediate Flow Mismatch

o Steam Drum L el

o Evaporator Ju- ~t Sodium Temperature

© HTS Pump Yoltage

o Sodlum Water Rea ion

uumbgc_ni_inau1§1
2
1

l The Primary RSS can accept & total of 24 Inputs and the Secondary RSS can

ac

cept 16 inputs. There are 9 spare Primary Inputs.
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Question CS760,164

In Sec. 5.4 of CRERP-3, Vol. 1, Rev, 2, the appllcant states that resul ts of
both analyses and experlIments Indicate that the closure head wil| withstand
SMBDB loads without structural fallure. Thls conclusion Is based In part on
the results cf scale model tests SM-4 and SM-5 where the head mode! showed no
visible plastic deformation. A problem exlsts In using these test results to
demonstrate the capablillty of the head In that the design of the scale model
heads was non-prototypic. The shielding plates were bolted directly to the
bottam of the head, possibly overstiffening It consliderably and, therefore,
not al lowing deformations that lead to the most probable head fallure mode
(d1sengagement of the Intermediate rotating plug). Because of the design of
the model head, we are not convinced that the appllicants concluslions regarding
the acceptability of the head design can be made based on the experIments done
to date.

The analysls presented does indicate that, under SMBDB leading, the head only
dispiaces 23% of Its predicted fallure displacement. Thls analysls is
acceptable If the applicant can benchmark the analytical model with

exper Imental data. Benchmarking with other analyses Is not acceptable,
especlal ly because many analytical techniques, In particular the finlte
element method, overpredict the stiffness of structures be:ing modeled by
several percent,

To resolve this issue of vessel head capabil ity the applicant should benchmark
the analytical mode! being used and show that it predicts a comfortable margin

to head fallure. The required margin will be less If the model Is benchmarked
with both static and dynamic test data.

Response:

The analytical model used to preadlct stralns and displacements of the CRBRP
Reactor System under SMBDR loading will be benchmarked agalnst static (SM=1)
and dynamic (SM=5) test data. These analyses wii| be completed by October 30,
1982, and the documentation will| be provided to NRC by November 30, 1982.
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Question CS760.176

In preparation for writing those sectlions of the SER dealIng with PCRDM, we
have found It necessary to secure additlional documentation on the D. C.
stepper moter used In the system. Specifically, we would |lke to obtaln the
following Information:

1. Complete description of the motor

2. Equlipment specification for the motar, and

3. Test Informatlcn or data establlshing that the speciflications are met,
Including the max!mum withdrawal speed In the event an over-speed slignal

Is sent to the control ler.

We would also | 1ke to know the maxImum slew rate of the motar and what power
Input conditlons, however Improbable, that would be required to obtaln It.
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Eesponses
ITEM 1

Descriptlon of PCROM Motor

The PCRDM utlllzes a collapsible rol ler nut design which has been successfully
used In the past on pressurlzed water reactors. Thls type of drlve has a non-
rotating leadscrew which Is driven up or down by & flxed elevation rol ler nut
formed by four ball bearing mounted rol lers, equal ly spaced esround the
leadscrew. The rollers are Inclined from vertical at the leadscrew helIx
angle and have teeth which engage the leadscrew threads to provide a positive
connection to the transiating assembly, Two rollers are mounted In each
segment arm which are attached by plvot plns to a rotor carrled on ball
bearings In the motor tube. The complete assembly Is shown In PSAR Figure
4.2-1C1, The motor tube Is shown In Flgure QCS760.176~1, the segment arms and
roller nuts In Flgure QCS760.176-2, and the stator In Flgure QCS760.176-3.

The rol ler nut Is actuated by & sIx-phase, four pole stator mounted outslde
the motor tube. The stator and segment arms together form 2 reluctance type
synchronous stepping motar. The stator windings are energlzed by direct
current which can be swirched In 2 programmed sequence among the slx-phase to
produce a stepwise rotating magnetic fleld In the armature reglon (see Fig.
QCS760.176-4). The two segment arms, which make up the motar armature are
fabricated from permeable stalnless steel and tend to align themselves wlth
the rotor field so as to minimize the magnetic circult reluctance between
adjacent stator poles. The motor armature Is, therefore rotated In
syachronlism with the rotating stator field.

The segment arms plvot In a vertical plane througch the leadscrew center! Ine
and are constralned to move through the same angle by means of a synchronizer
bearing mounted at the top of the rotor. The armature reglon of each segment
arm Is located above the plvot pin, while the rollers are mounted below the
plvot plin. When the stator Is not energlzed, the segment arms are held In the
col lapsed position by springs acting outward below the pivot pin. In this
position, the roliers are disengaged from the leadscrew, and the armature
section of the segment arms are displaced Inward toward the mechanism
centerline. When the stetor s energlzed, the armature section of the segment
arms are magnetical ly atiracted toward the stator with a force sufficlent
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to overcome the segmen* arm spring furce and engage the rollers with the
leadscrew, :

The directlon of leadscrew travel Is determined by the direction of rotor
rotetion which, In turn, Is determined by the particular swltching sequence
eppllied to the stator phase windings. The speed of rotetion Is controlled by
the switching rate, which Is adjuctable over a wide range by the controller,
The rol lers remain engaged to the leadscrew durlng reversal of rotatlion
direction,

If the switchlng sequence s stopped and the stator Is left energlzed In any
of the twelve (12) possible phase comblnations, the segment arms continue to
be atiracted outward and they will hold the leadscrew irdefinitely at the
elevation achieved when the rotation was stopped. The windings comprlsing the
sIx phases are so arranged that when energlzed In 2 3 - 2 sequence, the
force-pole magnetlic pattern fumed by the stator rotates In space In 15-degree
steps. If the slx phases are deslignated by the letters, A, B, C, D, E and F
the sequence for rotatlion Is shown below,

Rotatlonal Degrees 0 15 30 45 60 75 90 105 120 135 150 165

Phases Energilzed AB ASC BC BCD CD CDE DE DEF EF EFA FA FAB

As shown above, the motor s energlzed In elther a two phase or three phase
mode In the hold condition and switches from two phase-to three phase-to iwo
phase while In the run mode. Since the motor Is elther In a two phase or
three phase conditlon durlng hold, the two conditions wll | produce cifferent
magnetic flelad strengths. Theoretically, the three phase condition should
produce 1.5 times the magnetic flux of the two phase mode, but In the reu!
motar, It Is less than this ratio due to temperature and saturation effects.
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For the motar 1o produce torque, the Induced poles In the rotor must lag the
stetor poles. The torque Is roughly & sinusoldal functlon of the lag angle,
end In actual operation, the lag angle adJusts Itself to the value Just
sufficlent to balance the 2pplled torque resisting rotation, up to the pull
out o pole sllip velue., The radial mement on the engaged segment arms, called
holding mament, Is also & function of the rotoer leg angle, and In thls type of
rotor Increases somewhat as the |ag angle departs from zero,

The radlal moment also varles strongly as a function of the col lapse angle of
the segment arms (as does the peak torque) because of the large change In alr
gap and the corresponding change In flux IInking the arms, Since the segment
arms ere held In the collapsed position by elght coll springs, the mament
required to overcome the springs and bring the rollers Into engagement (latch)
plots as a straight |lne, with force Increasing toward the fully engaged
position. Thls relationshlp Is shown In Flgure QCS760.176~5,

Durlng steady state operation (run or hold mode) the avallable torque and
mament are determlined by the avallable current. The run ~ hold voltage Is
specified to be 175 + 5 volts DC, and will be controlled withln thls range.
Therefore the avallable current Is determlned by the resistance of the
¥Incing, and the resistance Is a functlion of the stator winding temperature,
The temperature of the winding Is controllad by a constant flow of nitrogen
gas. The speclfled opereting parameters of this stator coollng system are:

Inlet temperature 55+ 5°F
Outlet temper ature 140°F maximum
Pressure at inlet 90 psig minimum

100 psig minimum
Flow 157 # 10 scfm

Du~lIng acceptance testing of the PCRDMs at the vendors plant the fol lowing
typ' ' operating parameters were determlned:

Outlet coolant temperature 120+ 5°F

"

Phase resistance 24.6 + 4 ohms (hot)

Phase current 7.1 £ .1 amps
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ITEM 2

The equipment speciflcation for the PCRDM motar Is contalned In end Is a part
of the equlpment speclfication for the Primary Control Rod Drive Mechanism,
The following are those sectlions which apply to the motar.

l. ASME Code Classlflcation

A. The mechanlsm motor tube, motor tube holddown ring, and position
Indicator housing act as part of the reactor primary system boundary,
and shal |l be constructed es a Class 1 vessel meeting requlrements of
the ASME Boller and Pressure Vessel Code, Section I,

B. The design of the CRDM shal|l be based on the Fast Flux Test Faclllty
(FFTF) CRDM as defIned on component drawlngs.

I'l. Environment and Duty Cycle

A. The external surfaces of the CRDM are exposed to the Head Access Area
(HAAR) alr temperature of BS:gZOF during normal operation and 140°CF
maximum for loss of HAA cooling. Normal CRDM Internal pressure ranges
from 0-20 psig. Design condition for ASME Code evaluat!on are 500°F
and 35 pslig.

B. Neutron Envlromment

Neutron dose levels above the closure head In the vicinity of the
control rod dr lve mechanlsms may range from 100 mr/hr to <2 mr/hr. A
shleld system selsmic support will shleld areas above 100 inches. The
corresponding total neutron flux range Is approximately 2 x 104
r/em?/sec to 2 x 102 x 102 n/em? sec.

The above total fluxes correspond to a fast neutron flux <2 x 102
n/cm?/sec.

C. The design |ife of the CRDM shall be 30 years.

QCS760.176-5
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D. Duty Cycle

* Total start-stop cycles 8 x 106
*#% Total lifetime scrams 732
¥%%_ Ifetime travel (0.36 to 9.0 Ipm) 17,000 feet

® One motor step equals a start-stop cycle
*% Includes 150 Isothermal test scrams
¥%¥Includes start-stop cycles

I1l. Loading Conditions

A. Stroke

The CRDM shall provide a minimum withdrawal stroke of 36.0C Inches as
measured from the nominal positlon (station =351.025) of the top of
the control eassembly dlsconnect coupling to the minimum up position of
the CRDM rotational stop. The CRDM Insertlion stroke shall reach and
couple with the control assembly at the lowest position with the top
of the control assembly dlsconnect couplling at =351.,750. The CRDM
maximum wlthdrawal stroke shal|l not exceed 37.80 Inches as measured
from the iowest position (station =351.750) of the top of the control
assembly dlsconnect coupling to the maximum up position of the CRDM
rotational stop. The sTroke requirements are refercnced to a 70°F
temperature environment.

The CRDM shall be capable of providing an Incremental motion of 0.025
inches (nominal). The nominal selectable In and out CRDM speed range
shall be 0.26 to 9.0 Inches per minute. The maximum possible
withdrawal speed of the CRDM with a falled controller shall be less
than 73 Inches per minute.

QCS760.176- 6
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CRDM/CRD Operating Forces

The
; 15

2.

The
The

CROM shall be designed to exert the fol lowing forces:
Minimum Insertion force on control rod (stuck rod) 1,000 Ibs.

Minimum withdrawal force sufficlent to overcome all worst cese
forces acting on the control rod assembly Is 285 Ibs. Thls force
Includes control assembly welght (167 Ibs), bouyant forces (~30
Ibs) and rod friction (148 Ibs) acting over the flrst 8 Inches of
wlthdrawal, When the rod Is withdrawn above 8 Inches and the rod
friction force Is reduced to 48 pounds and the total force Is
reduced to 185 Ibs,

CRDM and CRD shal | be designed to withstand the followlng loads.
temperature under which these loads are to be applled Is 4000F.

MaxImum leadscrew drivellne tenslle | cad 20,000 Ibs

MaxImum position Indlcator rod compresslve 1,000 Ibs
load at refuel Ing temperatures.

CRDM shall reslst outward motion of the franslating assembly;

With the segment arm rollers engaged to the leadscrew (latched),
the franslating assembly shall not move up when a constant up
force of 1800 Ibs, or less, Is applled to the control rod coupl Ing
Interf ace,

Durling a2 scram operatlon (stator power Interrupt and roller
unlatchling) the trans!ating assembly outmotion shall be |imlited
when 2 constant up force of 1800 Ibs, or less, Is applled to the
control rod coupling Interface.

With the rollers disengaged (unlatched) and the paw! engaged to
the leadscrew, the translating assembly outmotion shall be | Imited
when a constant dynamic up force of 1800 Ibs, or less, Is applled
to the control rod coupling Interface. Prlor to paw! engagement
the out-motion velocity Is limited (by sodlum flow rate) to 25
Ips. _
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4. Since the CRDM employs & paw! deslign wiilch positively prevents
axlal outmotlon efter engagement, the eaxiai outmotion prlor to
motion arrest shall be |Imiteo as fol lows:

Paragraph (111.B,5) - 0.200 Inches
Paragraph (111.B.6) - 0.600 Inches
Paragraph (111.B.7) = 3.25 Inches

The design shal| be capable of resisting outward mction In each of
the above operating modes a2 minimum of two tImes durling plant
operation,

The up force Is not an ASME Code requlrement., Structural
Integrity of the primary pressure boundary to prevent generation
of missiles must be malntalned under thls loadlng condition,

The CRDM Scram spring shall meet the fol lowing:

1. Minimun Spring Force 362 Ibs at minlmum spring
compression with the translating
assembly In the "full out" posi-
tlon as |imlted b, the
rotational stop.

2. Minlmum Spring Stroke 25 Inches

3. **Spring Force at beglnning 0.00 Ibs
of cdashpot operation

4. Design Temperature 400°F

¥#¥Def Iined as elevation (~175.87) where the dashpot plston enters
the end of the tapered sectlion of the dashpot cyllInder.
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IV, Scram

A. Scram Requlrements

The overall Primary control Rod System scram requlrements are
depicted In PSAR Section 4.2.3 and on PSAR Flgure 4.2-93 and Include
the total time from stator pover Interrupt to reativity Insertion,
The unlatch time Is cdefined as the tIme from the start of stator
current decay to the Inltial Insertion motion of the leadscrew and
shail be 90 msec maxImum at normal CRDM and stator operating

temper atures.,

Dashpot

A dashpot shall be Included in the CRD for decelerating the
iranslating drivelIne and control rod during the last nine Inches of
@ scram Insertlon., The energy of the scrammed assembly shall be
ebsorbed at a ceceleration rate which will IImit stresses In the
drivel ine components to an acceptable level. The dashpot shal l
reduce the velocity of the CRD and Control Rod when scrammed from any
position between 0 and 37 Inches to less than 14 Inches/sec at the
time of impact on the hard stop at the end of scram insertion.

V. Independence

Each control rod shall be driven and positioned by Its own mechanism,
Each control rod shall be Independent to the extent that protective
action Is not delayed. The CRDM shall be designed to minimize the
probabil ity of simultaneous disablility In the scram mode of al| CRDMs
through systematic, concu. rent, undetected fallures In the CRDMS
resulting from commonal ity of components or susceptibility to fallure
due to common environmental conditions, duty cycles, or loads.

CRDM Posltion Indicators

Two Independent CRDM position indicator systems shal |l sense the
position of the leadscrew and thus produce two separate signals
Indicating the relative position of the control rod in th= core.

The rotary (relative) position Indicating system shall consist of an
electromagnetic sensor that counts the revoiutions of calient poles of
an indicating disc attached to the drive mechan!sm rotor. The axial

resolution of the rotary position Indication system shall be 0.10
inches (nominal),

The absolute position Indication system shal | measure the positlion of
the leadscrew through a sensor located In a housing that projects into
the Inside diameter of the leadscrew. This system shall not lose Its
reference position because of mechanlsm scram. The resolution of the
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absolute position Indlcation system shall be 0.50 Inches. The system
positlion accuracy over full strone shall be + 3.5%, of the full stroke.
The accuracy of the posi*lon Indication sensor over the range of
environmental conditions shall be + 1.62f of the full stroke. the
accuracy refers to the ablllty to measure the true position of the top
of the |eadscrew.

Cooi Ing

A stator cooling system shall be provided. Thls system shall not act
es part of the reactor primary system boundary. The design shall
Incor por ate thermocouples Into the stator coolIng system and provlide
the corresponding electrical Interface Information,

Reactor Refuel Ing

Tte mechanism deslign shall permit refuelling and fuel transfer
ope-atlions Inside the reactor vessel In the space sbove the core
without disessembly and removal of the mechanism. The design shall
perml* access to the actuating shaft Interlock ring and dlsconnect
actueting shaft so that the dlsconnect coupling between the driveline
and control assembly can be manually operated

QCs760.176- 10
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1X.

The design shall have provislions for the operation of a manual
disconnect tool (not provlded es part of thls speciflcation) for
dlsconnecting the control rod fram the drivellne and for holding the
leadscrew In a withdrewn pos!tion for refuel Ing operations,

Out-Motion Limited Pawl

An OML paw! shall be provided to iImit outward motion of the
translating assembly., Structural Integrity of the pawl system (pawl
end mounting brackets and hardware) shall be malntalned for a stat!c up
force of 4000 Ibs acting on the control rod coupling Interface. Dur Ing
a8 scram the pawl shall not produce a drag force on the leadscrew In
excess of 19 ibs, (everage) based on worst case dimenslons with a
friction coefflclent of 0.8,

Internal Seal Requlrements

The Seal Regqulrements |lsted here are for Internal Seals and not the
CRDM pressur2 boundary.

(a) Each CRDM shall be equlpped with seal arrangements which consist
of a Main Bellows Seal, Position Indicator Rod Bel lows, Dlsconnect
Actuating Shaft Bellows, and Lower CRDM to Nozzle Extenslon
Conoseal .

(b) The Seals shall separate the CRDM rotor assembly and |eadscrew
from the . eactor environment,

(c) All bellows parameters (length of stroke, etc.) shall be
compatib'e witn the CRDM parameters.

(d) The Maln Bel lows shall collapse upon withdrawal of a control rod
and extend upon Insertion of a control rod.
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(e)

(f)

(g)

The Dlsconnect Actuating Shaft Bel lows end the Poslition Indlcator
Rod Bel lows expand and col lepse only durlng cperation of the
menuval dlsconnect,

MaxImum hel lum leak rate for each of the four seals listed In (2)
above Is 1 x 107 am3/sec at standard temperature and pressure,

Bel lows seal envlronment
o Tempereture = 400°F (max!mum)
o CRDM - argon gas
The Internal fluld In the mechanlsm above the bel lows Is

normal ly reactor grade argon gas at 0 to 20 psig. The
composition of this gas Is as fol lows:

Argon -99,996% pure

Oxygen = 5 ppm maxImum (volume)
Hydrogen - 2 ppm maximum (volume)
Nitrogen =12 ppm maximum (volume)

Carbonaceous Gases = 5 ppm maximum (volume)
water (D.P, -B4OF) = 6 ppm maxImum (volume)
Other = 7 ppm maximum (volume)

An environment of Argon saturated wlth sodium vapor 1s to be
considered an abnormal condition. The mechanlsm shall be
designed to operate throughout a reactor operating cycle (1
year) when exposed to thls abnormal enviromnment. In order to
assure thet the mechanlsm continues to operate with a falled
bel lows, the deslign shal| make provislon to prevent sodlum from
depositing on the rotor assembly parts.

Atter repalr and/or replacement of & falled be! iows and
cleaning of the CRDM to return It to Its normal condltion, the
mechanism shall continue to function for the remainder of Its
design |lfe,

QCS760.176~ 12
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Xl

© Reactor cover gas slde - Argon gas saturated wl!th sodlum vapor
(external to bellows),

The environment external to the bellows 1s reactor grade Argon
cover gas saturated with sodlum vapor. Normal operating
pressure Is 6 £ 2 In, w,g. MaxImum operating pressure Is 7
pslg. during shutdown maximum pressure Is 11 psig. The
compesition of the gas Is ldentical to 3.5.25 except as

fol lows:

Oxygen 10 ppm max!mum
Hydrogen 50 ppm max!imum
Nitrogen 2000 ppm mex!mum

© Pressure - Normal operating pressure dlfferential Is 0 to 420
psig. MaxImum cperating pressure differential Is =7 to +20
psig. Durlng shutdown, meximum pressure dlfferentlal Is =11
psig. During CRDM f111 with Argon gas, maxImum over pressure
Is 35 psig (not an operating condition).

For the leadscrew and position Indicator shaft bellows, &
positive (+) pressure dlfferentlal denotes a higher Internal
bal lows pressure with respect to the external pressure and a
negative (=) pressure differentla, denotes 2 lower Internal

bel lows pressure with respect to the external pressure. For
the acruating shaft bellows, 2 positive (+) pressure
dlfferential denotes a lower Internal pressure with respect to
the external pressu e, and a2 negative (=) pressure differential
denotes a2 higher Internal pressure wlth respect to the external
pressure,

(1) A pressure switch will be provided In the CRDM to sense Internal
pressure and Indlicate seal fallures,

Instal latlon and Ramoval

The mechanlsm shall be arranged so that al | operations Incident to Its
Instal lation on, and ~emoval from, the reactor can be performed wlth
access only to the head of the reactor vessel. Replacement of the
stator assembly shall be possible without penetration of the primary
reactor system boundary.

QCS760.176- 13
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Xin,

Testing Requira-ents

A.

Stator Tests

The stetor shall be tested at varlous polnts durlng fabrication as
Indlcated below. The results of these tests shall be recorded and
malntained In the record book for each particular stator. |If
thermocouples are required to be Incorperated Into the stator,
these thermocouples shall conform to ASTM E 230.

The Indlvidual coll group resistance shall be checked prlor to
Inserting the colls Into the stator. Any coll whose reslstance
verles by more + 28 fram the nanlnal design value shall be
rejected, After all windings have been Inserted Into the stator
and before the lead connections are permanently made, the stator
shai |l be subjected to a DC Insulatin Test and en AC Dlelectric
Strength Test as described below:

The fol lowing tests shali be made on the stator upon completion of
the lead connections and before varnlsh Impregnation.

1. DC Winding Reslstance Test

The reslstance of each phase of the stator shall be checked.
Resistance which varles by more than + 2§ from the nomlnal
design value, shall be cause for rejection, Also, an
unbalance of phase resistance which exceeds + 1.5% of the
average valuve for all the phases of the stator shall be cause
for rejection,

2. DC insulatlion Reslstance Test
The Insulation resistance from all phases and neutral lead to
ground shail be checked. The minimum acceptable phase-to-
ground resistance at 25°C Is 10 megohms.,

3. AC Dlelectric Strength Test

Apply 1500 volts rms 60 Hz between the statar Iron and any one
of the stator leads, Voltage shall be applied at & rate of

QCS760.176-15
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epproximately 100 volts per second, malntalned at 1500 volts
for 15 seconds, then reduced to zero at spproximately 100
volts per second. All of the phases of the stator shall be
checked, The stator Insulation must nct exhiblt dlelectric
breakdown when subjected to the sbove test veoltages. All slx
pheses may be tested simultaneously. In additlion,
measuranents of the maximum compensated current |eakage
between colls and between windings and the core stack wlil be
recorded for the prototype CRDM stator., From these values an
acceptance criterla will be established for the plant unit
CRDM stators.

Surge Comparlson Test

Surge testing shall be ¢nnducted using 3000 volts DC and shall
check the waveform of power thru the statur phases, Any sharp
or Jegged Indication of a trace, regardless of proximity of
compar lson between traces, siall be cause for rejection of the
siator., Stators which Include test Instrumentction may be
tested at lower voltage subject to Purchaser approval.

After successful completion of these tests, the stator shall
be varnlsh vacuum Impregnated and baked. During this
processing, the stator leadwlres must be protected to prevent
the varnish for making them Inflexible. Upon completion of
thls processing the tests descrlbed above shall be reperformed
and the results recorded.

Cooling Jacket Leak and Strength Test

The coolIng Jacket supplied w!th the CRDM shall be tested for
leakage and strength agalnst pre-defined acceptance criterla.

Hel lum Leak Test

A hellum leak test shall be performed on the completed CRDM
components that serve as part of the primary system environmental
boundarx. The maximum acceptable leak rate for this test shall be

1 x 107

scc/sec/CRDM total for all external leak paths.

QCS760.176~ 16
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C.

if It Is determined that a dangerous situation would not exist from
pressurization of hellum gas, the |eak test and strength test, as
described below, may be comblned. However, If they are not
combined, the leek test shall be performed after the strength test.

Strength Test

A strength test shall be performed on the .~mpleted CRDM componenis
that serve 2s part of the primary system environmental boundary and
shal |l be elther pneumatic or hydrestetic.

Thls test shall be In accordance wlith NB-6000 of Section |il of the
ASME Boller 2nd Pressure Vessel Code. The fol lowing general
requirements apply to the strength test: :

1. Prlor to testing, all Interlor surfaces shall be cleaned., The
Suppller shall prepare and submit a detalled cleanlng procedure
as part of the Fabrication Plan,

2. The component shal! be tested at a minimun temperature of 70°F
and the test tarperature shal! be reported In the Fabri.ation
Report.

3. The number of tests above design pressure shall be mInimlzed,

4. Any Indication of leakage Ir the fluld or gas boundary of the
components at other than a flanged joInt shal! be reported.
The location and extent of any leak Indication and the
corrective action taken shall be reported In the Fabrication
Report,

5. If a hydiostatic strength tes. Is performed, fcllowing thls
test the mechanism shali be completely dralned and Internal
surfaces shall be completely dried by fiushing the still-
sealed test assembly with heated dry nltrogen or drawing a
vacuum, The pressure component belng testea shal |l be protected
from contamination by malntalning the sealed condivion end
Internal envircnment of dry nitrogen unti| the hellum leak test
required by Section XIIB Is performed.

QCS760.176= 17
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D.

CRDM Ferformance Tests

The prototype CRDM sna!l be tested to show conformance w!th the
design obJectives, Thls testing wiil be performed In accordance
with detalled requlrements designated In thls specification, For
successful compietion of the work, thls testing will demonstrate
compllence with the design objectives with or wlthout any specifled
eddi1ional equlipmeni attached to the mechanism, as epplicable. As
a minimum, the foliowing parameters wlil be Investigated and

repor ted:

1. MaxImum possible |1fting force exerted;

2. Normal ilfting force exeried;

3. MaxImum possible drilving-down force exerted;
4, Normai drlving-cdown force exerted;

5. Max!mum torque exerted on the leadscrew;

6. Normal torque exerted on fhe leadscrew;

7. Total travel during the test for maximum, and normal ly exerted
forces;

8. Stator coil amperage and voltage for maxImum and normal ly
exerted, forces and drivel Ine speeds;

9. Stator coll amperage, voltage, and reslstance as functlons of
temper ature;

10. Stator coll steady-state temperature varlation during
operation and hoiding periods;

QCS760.176- 18
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E.

11.

12,

13.

14,

15.

16.

Stator current decay tlme and total leadscrew release time as
& function of tempereture, load, statur power, and

mlsal ignment, The unlt shal! be tested for delay tim: and
release time et four ¢literent rotor to motar tube (Index)
positions and stator to motar tube (Index) positions;

The CRDM scram characteristic: as functlons of the stator
power, rod speed, mnd load;

Mechanlsm Interna! envlromnment parameters Including, but not
Iimited to:

2. Temperature

b. Pressure

c. Contalned atmosphere

d. Llubrication;

Dynamlc response of the CRDM leadscrew to a single pulse {ram
the control ler as well as to travel cpeeds of 0.36 Inches/
minute and 9.0 Inches/minute;

Mechanlsm cool Ing system parameters, as appllicable;

Any other parameters or factors that may have an effect on the
mechanlsm meeting the design objectlives.,

Acceptance Test

1.

Acceptance tests shall be performed on each plant unlt CRDM/
CRD and associated equlipment which will establish that the
performance of each unlt Is within acceptable |Imits

establ Ished as satlsfactory for the CRERP mechanl|sms,
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2.

The transleting assembiy out-motlon requlrement shall be
verlfled by testing. Testing shall Include the three speclfled
modes of latched, scram and un!etched.

The test articie shall Inciude the Upper CRDM and |eadscrew es
e minimum, A mass equivalent to the mass of the remalning
translating assembly components shall be attached to the
leadscrew. The speclfled up force shall be applled to the
bottan of the leadscrew and malntalned constant for a stroke of
10 Inches at 10 £+ 1 inches withdrawn and 25 + 1 Inches
wlthdrewn for the latched and scran mode. For the unlatched
mode the leadscrew shall be & position, wlth the pawl above the
top leadscrew tooth, such that the Impact veloclty, when the
paw| engages the |eadscrew top tooth, Is equal or greater than
25 lIps.

The OML paw| maxImum drag force requlrement shall be ver!fled
by test. The system shall meet the requirement durlng Inward
motlion of the leadscrew with the actual friction coeffliclent.

QCS760.176- 20
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To determlIne the response of the PCRDM to loss of statar coolant flow, &
serles of tests were run a W-ARD. In these tests the stator winding
temper ature and outlet ccolant temperature were measured as a functlion
of time for a varlety of coclant flows Including complete loss of flow.
The results for a complete lcss of coolant flow Is shown In Flgure
QCS760.176-6. For thls condivlon, the maxImum stator temperature
reached an asymtotlic value of 660°F In 250 minutes. it should also be
noted that the thermocouple measurlng the outlet coolant temperature

fol lowed the maximum stator temperature heat up rate falrly closely. At
260 minutes, power to the statar was turned off and the stator

temper ature and outlet coolent temperature were monltored durling the
cool down, wlthout the benefit of coolant flow. As shown In Flgure
QCS760.176-6 the maxImum stator temperature and outlet coolant

temper ature dropped rapldly.

Durlng thls test, the assembly was wlthdrawn to 36.0 Inches and placed
In 3-phase hold. In thls conditlon the maxImum spring force was applled
to the drivel Ine, and the maxImum heat was generated In the windings.
wWhen the max!mum stator tempe-ature was obtalned, the mechanlsm was
drive down to 25 Inches wlithdrawn and back up to 36 Inches flve times to
demonstrate that the mechanism functloned properly and did not roll out
or scram under these abnormal conditlions., The mechanlsm was then
scranmed and the unlatch time and scram time were measured. The results
indicated that the unlatch time was faster than normal and the scram
time was normal. When the test was completed and the stator had cooled
to amblent temperature, the stator winding resistance and Insulation
resistance were measured and found to be unchanged. |+ was concluded
that the mechanlsm and stator has functioned properly . .ring these
ebnormal condltlons and had suffered no degradation or loss of operating
I 1fe.

In the plant unlt mechanisms there Is an operating thermocouple and a
spare thermocouple which measures the temperature of the outlet coollng
nitrogen. These thermocouples will alarm at 200°F to Indicate a
reductlion In stator coolling and an Increase In stator temperature. At
this time some actlon may be taken to resolve the problem slnce the
mechanism should not operate Indefinitely without coolant flow. This
condition Is not 2 safety problem but one of degradation of the
mechanlsm Insulation.
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Withdrawal
- Speed

1
10
15
20
30
40
50'
60
70

P TR —

TABLE QCS760.176~1

MAXIMUM AXIAL FORCE FOR NO POLF SLIPPAGE IN POUNDS

6 anps/
135 V

2510
2270
1980
1650
1320

Rol Is out

7 amps/
170 vV

2850
2700
2420
2030
1700

900

Rol Is out

QCS760.176~ 23

8 anps/
210 v

3180
2990
2610
2420
2230
1560

980

Rol Is out

9 amps/

258 ¥
3270
3180
2890
2840
2610
2030
1510
1080

600

Rol Is out
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Flgure QCS760.176-1 Motor Tube, Hold-Down Ring, F. D. Housing, &nd Pressure
Switch

@/;ﬁaassung SWITCH

-—FILL PLUG

l . T ® MOTOR TUBE
: g 3 HOLD-DOWN
Bt RING
' : 3
‘ 1
: BB [
+—POSITION DETECTOR - ( *
HOUSING ASSEMBLY |

‘o
—

MOTOR TUBE

ey e i L R,

QCS760.176~

n

"
[
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Flgure QCS760.176-3 Statar-Jacket Assembly

NITROGEN OUTLET

NITROGEN INLET

— LIFTING LUG

QCS760.176-26

THERMOCOUPLE
CONNECTOR

E INECTOR
“/’,—POH R CONNECT

LIFTING LUG

T o
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Figure QCS760.176-6 Stator Hea up and Cooldown Rate
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