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The amended PSAR pages of Enclosure 2 will be incorporated into
Amendment 75 of the PSAR scheduled in January Additional informa-
n associated with Sections 9.3 and 9.13 will be subn ted under

eparate cover later in December.

Juestions regarding these responses may addressed to D. Robinson
09 or D. Hornstra (FTS 626-6110) of the | t Office
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PSAR Secton G .1
RESPONSES TO NRC COMMENTS

1. Comment: Equipment with sctive cooiing (l.e., EVST, EVIM,
FHC, and fuel fransfar port cooling Insert) should Include
dlesel power provisions or otherwise satisfy cled temperature
Iimits for loss of offsite (normal) power @s an enticipated
event; the PSAR Iy unclear w!th respect to applicabllity of
such ® requirement,

Re:ponze: Fuel Clad Fallure and subsequent fission product
release will resuit In site bounds'y doses well below

establ Ished | Imits as discussed In PSAR Chapter 13.5.

Cool Ing loops supplled with backup electrical power by dliesel
generator are provided for EVST sodium and FHC argon cool Ing.
The forced convection cool Ing system for the EVTM Is supplled
with normal electrical power but Is backed by & natural
convection cool Ing system which can maintaln the cladding
temperature within Its |imits. The FHC cooling grapple
blowers are suppl led with normal electrical power. In the
event of an extended Ioss of power while handling e bere fuel
ezsembly In the FHC, the cledding might be heated to *he
point of fellure. Fission products released would be
contalined In the FHC because the diesel power-supplled argon
circul ation system would maintalin the FHC pressure negative
relative to surrounding sreas. Diesel power (from one
dlesel) Is provided to tha FHC cool Ing systems to minimize
exposure to operators on & loss of offsite power. However,
the FHC boundary Is not considered sefety-related and credit
Is teken only for the safety-related RSB confinement to [imit
the release. The reactor, EVST, end FHC fuel transfer ports
have cool Ing capabl| ity provided by blowers supplied with
normal electrical power, In the event of a loss of this
power and Immobllizetion of & fuel essembly-containing core
component pot (the EVTM grapple drive Iis also supplied with
normal electrical power), the peak cladding temperature
remalns below the clad temperature |imit for anticlpated
events. In any case, emergency power |s not required because
In case of power fallure, the manual drive capablliity of the
EVTM can ba used without electrical power to raise or lower @
core component pot to a location In which It Is passively
cool ed.

The enclosed markup of the PSAR revises Section 9.1 to
clerify the type of electrical power suppllied for each
situation In which cooling Is needed and the consequences of
loss of normal power. The revision consists of & new Table
9.1=2A to |Ist the peak fuel assembly cladding temperature
for loss-of=-power cases and text In the description of each
eppl Icabie faciilty to describe the power suppl led and to
reference the new table.

Codosure 1



2.

Equivalent date for other components can be found as fol lows:

EVST, paregreph 9.1.3.1.3
EVTN, ’.f”r.ph 9.1.4.3.3
Fuel Transfer Port, peragraph 9.1.4.7.3

Comment: A 2-h station blackout should be essessed (essuming
20~kW fuel end/or blenket In FTP; & bare 15-kW asserbly In
FHC) with the ensulng radiologlical evaluation Including seal
degradation, due to eolther high temperature or loss of
pressure, as sppropriate.

Response: A two-hour station bleckout while hand! Ing @ bare
fuel essembly during normal fuel handling cell (FHC)
Operations (assembly decay power less than or equal to 6 kWt)
could result In release of fisslon products to the
environment. The potential radlation doses at the s!te
boundary and low populetion zone dlstances resul ting from
such @ release would be less than the establ Ished | Im!ts.
Doses calculated for long=-term station blackouts are |lsted
In Table 1. The site boundary doses are Integrated for a
2-hour period following loss of cooling and thus are
appilcable for a postul ated 2-hour station blackout. The
low=-popul ation-zone doses are Integrated for a 30-day perlod,
and thus envelope those of a 2-hour station blackout. It Is
noted thut station blackout Is not a design event for the
fuel handling system.

The loss of all station power (both of f=site and on-site)
could result In release of fissior products from a fuel
assembly being handled In the FHC. It would disable all FHC
equipment, Including the coolIng grapple (which prov!des
forced cool ing of a bare fuel assembly during handl ing), and
the FHC In-cel!| crane (which transports the fue! assembly
between locations where |ong-term pessive cooling Is
provided). If a fuel assembly were being handled at the time
of such & power loss, the assembly would be Immobl|lzed In
the FHC atmosphere. Coolling would be provided oniy be
natural convection of the FHC argon atmosphere. The heat
removal rete by this mechanism Is |ower than the heat
generation rate in *he fuel and the fuel assembly temperature
would begin to rise. It has been calcubated that the peak
cleadding temperature wuuld rise to 1500 F In 33 min. At this
temperature It Is assumed thet the cledding would fall,
releasing fission products Into the FHC atmosphe-e.

A conservetive enalysis of the postul ated event assumed that
fission products from the high-temperature fue! assembly
would be released directly to the environment, except for
plateout on bullding surfaces as described In the next
paragraph. The two systems which normally operate to
eliminate or reduce release to the environment of fission
products from the FHC would be disabled by & station
blackout. The first of these systems Is the FHC argon



circuletion system (ACS), which removes heat fram the FHC
argon atmosphers to maintain the cell pressure negative
reletive to the pressure In surrounding cells. The redundant
ACS loops ars suppllied with power fram a standby diesel
generator In the event of loss of off-site power, The
postul eted two~hour stetion blackout Includes loss of this
backup diesel power. The ACS would no longer ocoerate to
remove fuel assembly decay heat, and the temperature cof the
FHC atmosphere would rise. The FHC pressure would become
positive relative to the pressure of surrounding cells. The
FHC | Iner would remain Intect; howaver, there would be some
leakage from the FHC to the atmospheires of adjecent cells.
The conservative assumption |s made that the FHC |iner would
provids no holdup of fission products.

The second system which normal ly cperates to minimize
radiation releases fraom the FHC Is the reactor service
bullding (RSB) ventilation sytem, which provides RSB
confinement |1 the event of & radiation relesse. In @
station bleckout the ventiletion fans would be Inoperative
and the RSB pressure would no longer be malintalned negative
relative to atmospheric pressure. Fisslion products released
from the FHC Into the RSB Interlior are conservatively assumed
to be released directly to the atmosphere.

The bullding structure Is assumed to provide no holdup of
fission products released during a station blackout from a
fuel assembly In the FHC. All noble gas fission products
would thus be released directly to the enviromment., There
would, however, be pleateout of volatile fisslon products on
the relatively cold surfaces of the FHC and the RSB Interlior.
It Is assumed that 508 of voletile fisslon products released
from & fuel essembiy would be pleted out before release to
the enviromment. This factor Is consistent with the

guidel Ine value for lodine releases from LWR design basis
accldents used In NRC Regulatory Gulde 1.4, "Assumptions Used
for Evaluating the Potential Radiologlical Consequences of @
Loss of Coolant Acclident for Pressurized Water Reactors."™
The 508 factor Is conservative In that It does not conslder
formation of Cs! In the oxygen-depleted atmosphere of the
FFC. This reaction would lead to a higher rate of removal
for ceslum and lodine particul ates penetrating the FHC |Iner.
The release of particulate forms of these Isotopes would be
expected to be reduced to less than 10§ of the total amount
released from a fuel assembly Instead of the 50% essumed.

The analyses were carried out using the SIPOCO serosol
generatior code and the procedure in NRC Regu!etury Gulde
1.25 to determine the Infegrated radlation doses at offslite
locations. The Integrated doses to the whole body and to
designated body organs are |isted In Table 1.



An evaluation of @ 2-hour stetion bleckout during handl Ing of
& 15kW fuel essembly In the fue! hendl ing cell has not been
enalyzed. The expected occurrence of hand! ing @ 15kW (l.0.,
fuel assembly ?roaior then 6kW) fuel assembly In the FHC is 3
times In the |ife of the plant, The combination of this with
8 2-hour station bleckout Is consldered to be sufficiently
Improbable that evaluation of thet situation Is not required,

TABLE 1

INTEGRATED OFF=SITE RADIATION DOSE
STATION BLACKOUT WITH BARE 6kWt FUEL ASSEMBLY IN FHC

Integrated Radiation Dose (Rem)
—hocation __ Nhole Body Ihyrold J— T Bone

Site Boundary 0.27 0.46 3.2 (Total) 0.55 (Total)
(0=2 hr dose) 0.0 (Pu) 0.0 (Pu)

Low Popul ation 1.5 1.0 17 (Total) 4.0 (Total)

Zone Boundary 0.004 (Pu) 0.6 (Pu)
(0-30 day dose)

Site Boundary 7.5 (Pu) 15 (Pu)
Construction

Permit Review
Limit

3. Lomment: For Inflatahle or double purged seals, the project
should demonstrate that loss of offslte power and |loss of

purge or Inflating ges does not exceed articipated event
guldel Ines,

Besponse: There are three types of elastomer seals used on
fuel handling machines and faclllties: stat!c, dynamic, end
Inflatable. All of these seals are provided In redundant
peirs and have essentially zero ieakage (l.e., leakage Is
almost entirely due to permeation through the seal material).
The dynamic and Inflatable seals have s| Ightly larger |eakage
than the static seals on » comparabie basis. All three types
of seals have & buffer space between seal pairs. The buffer
space for stetic seals Is used primarily for perlodic |eak
testing. The effectiveness of these seals does not depend
upn the presence of & buffer ges. Dynamic and Inflatab:>
seals are provlded continuously with & buffer pressure
between the double seals. The purpose of this buffer
pressure Is for |eak defection and Is not required to prevent
seal leakage although It would mitigate an Innar seal |eak.
The Inflatable seais are the only ones which depend upon a




continuous source of electrical power and Inflation ges to
perform thelr function. In case of loss of offsite power,
the seal Inflation system velves fall open, providing the
seals with @ continuous source of Inflation gas fram the
normal supply system. In the case of The EYT™, which moves
from one location to another this gas supply Is from two
seperate gas botties, two seperate piping |ines to separate
seals and Is independent of the loss of plent ges supply.
The ergon bottles are stancerd high pressure botties that
meet DOT requirements and the piping from the botties to the
EVTM Infletable seals Is ANSI B31,1. The Inflateble se2ls on
the EYTM are on the closure valve. .y’

Comment: Acceptance criteria and results for of fnormal e 1—
events Involving blanket or control assembl les are roquired
(to date, only fuel cled has been addressed).

Response: The acceptance criteria for blenket assembl les,
control assemblles, and radial shield assemb| les are less
stringent than those for fuel assemblles. To be
conservative, the |imits for fuel assemb| les have been used
for all other types of core assembl les.

Comment: The project should commit to perform (back up)
neutron monltoring to & technical specification during fuel
loading (to Include number of required operable detectors,
cal lbration frequency, etc.).

A technical speclfication (PSAR Section
16.3.10.3.3) Is defined by the reactor system for monltoring
neutron flux level during refueling. (Calibration PSAR
Sectlon 16.6.3)

Comment: The Project should sddress the IVTM grapple Impact
on assembly fiow.

Response: Calculations have been performed to establish the
percentage of the fuel assembly outlet flow area which could
be blocked without causing more than a negligible Increase In
fuel assembly exlt temperature under refueling condltions.
These calculations resulted In Interface requirements placed
on the IVTM grapple and holddown sleeve to limit thelr
cross-sectional area In the reglon of the core assembly
ouf&o?. The IVTM grapple Is required to provide at least 1.2
in.“ of flow srea through the ouflo?zof the fuel assembly;
the actual grapple provides 1.60 In.“. The IVTM holddown
sleeve, which rests on the six surrounding core assembl les,
may not block any mure than 508 of eny assambly's flow area.
Because the holddown sleeve Is & simpie cylinder, It provides
substantial ly greater flow srea than 50%.

The enclosed markup of the PSAR revises Sectlions 9.1.4.4.2
end 9.1.4.4.3 to describe the IVTM grapple Input on coolart
flow through core assembl les.



*nsert A

Similarly, the AHM also has two sets of inflatable seals on the
closure valve, supplied by separate gas bottles and gas systems.,
(Note: any failure of the AHM inflatable seal system is enveloped
by the accident described in PSAR 15.5.2.4)

The floor valves, located at the reactor, EVST and FHC during
operation of refueling equipment, receive electrical power and
gas to inflate seals from the EVTM or AHM as appropriate. Prior
to motion of the respective machine from the floor valves, the
inflation gas is locked into the seals by the respective control
valves in the floor valve. A single failure to one inflation
system, i.e, failure of the contro! valve, will only disable one
of two redundant seals.




Comment: The Project should specify design temperasture and
pressure of EVST, EYTM, FHC, end their oeals; ccnsistency
with normal end of f=normal eccldents should be demonstrated.

Response: The encliosed PSAR markup Includss » new Table
9.1=28 to |ist |imiting and maximum calculsf2< pressures and
temperatures for the EVST, EVTM, and FHC.

Comment: Instrumentation to verlify adequate cooling of EVTM
and fuel tfransfer port cocling Inserts should be provided.

Response: Instrumentation Is provided to verlfy adequate
cocl Ing of the EVTM and fuel frensfer ports. Thermocouples
ere located along the length of the EVTM cold wall end at the
cool Ing alr Inlets and outlets; the cold wall thermocouples
end the alr outlet thermocouple will verlfy sdequacy of

cool Ing. Thermocounles sre also ettached at two places (near
the outiet end near the seals) on the reactor fuel fransfer
port adapter cooling Inserts, The thermocouples will
Indicate the need for cooling and will verlify the adequacy of
cool Ing If the adapter blower Is In operation. The EYST
edapter contains a thermocouple on the Inner wall to serve
the same function as the reactor fuel transfer port adapter
thermocouples. The FHC spent fuel fransfer port does not
contaln Instrumentation. The decay power of core assembl les

trensferred Is sufficlently lower than the other ports, that
overheating will not occur.

The enclosed markup of the PSAR revises Sections 2.1.4.3.2
end 9.1.4.7.2 1o Include the above Information.

Comment: The Project should ldentify and Justify deviations
fram ANS 57.1 and 57.2 (these standards ere required by the
SRP for 9.1.2 end 9.1.4).,

Response: The ANS Standards 57.1 end 57.2 have been reviewed
for epplicablliity to the retuel Ing system. Those require-
ments which were judged to bg appl icable have been
Incorporated Into the doslgn,\gysfln equlpment,

larification Mas fol lows:
?F.\H

. The referenced paragraph refers to
refuel Ing equipment which Is part of the primary reactor
containment. There Is no CRBRP fuel hend! ing equlpment
In that category. ' The equipment hatch, which Is open for
refuel Ing and Is the applicable equipment, Is part of the
contalnment vessel (referenced PSAR Section 3.8.2.1).

Bequired Interlocks (ANS 57.1, Table 6.2.1). The

refuel Ing equipment does not require any safety
Interlocks as ldentifled In PSAR Section 7.7.1.9. The
design of the refuel ing equipment Is consistent with ANS
57.1, Table 6.2.1.




The EVTM design Includes motion alarm horns.

%7.1, Paragraph 6.2.1.5). The Information Is added to
the PSAR by the enclosed markup of Sections 9.1.4.3.2
(EVTM), 9.1.4.4.2 (IVTM), ond 9.1.4.5.2 (MM),

ANS 37.1.
Paragraph 6.2.1.6). The Information Is added to the PSAR
by the enclosed markup of Sections 9.1.4. 2 (EVYIM),
9.1.4.4.2 (IVTM), and 9.1.4.5.2 (MM).

The Information Is added to the PSAR by the enclosed
markup of Sections 9.1.3.2.2 (FHC) and $.1.4.3.2 (EVIM).,
The AHM has no manual motion capabliity. [t does not
handle fue! assemblles or control components, O the
referenced requirement Is not applicable.

The enclosed markup of PSAR Section 9.1.3.2.2 stetes that
the grapple fingers ere prevented from operating when
supporting a core assembly.

. The
referenced requirement refers to an LWR fuel assembly
transfer tube, for which the CRBRP counterpart Is the
EVTM (Including transfers to and from 1), Cooling of
¢uel essemblles In the EVTY Is described In PSAR Section
9.1.4.3.2.

Pos!tion Indication (ANS 57.1, Paragraph €.2.4.1.14).
Positlon Indication is displayed on equipment control
panels. The AHM wil| be positioned visually by movement
of the RCB crane.

System Needed for Extremely Un!lkely Acclident
Accommodation Shall Do So

. The EVTM Is designed to
sccommodate @ single fallure, There Is no other
squipment In the refuelirg system which Is required to
|imit the release of radlioactivity.

1E Power for Any System Keeping Radioactive Gas from the
Environment or for Decay Heat Removal (ANS 57.2.

. Response In
comment #1 and #35. -

. The design
provisions to avold draining sodium to lower the level
below the fuel level are described In Section 9.1.3.1.3,
which Is Included In the anclosed markup.




The EVST system |s provided with design festures which
prevent excessive |oss of sodlum through drein |ines (see
previous |tem) and to meintain & minimum safe sodium
level even If the EVST Itself should rupture. (PSAR
Section 9.1,3.1.2 Is revised In the enclosed markup to
Include the EVST guerd tenk function In the latter case.)
Therefore, 8 makeup system Is not needed to accompl Ish
the purpose of the referenced requirement,

mm_m_xmmmm_nnmwsm
Parparaph 5.1.12.3). The fixed absorpers In the EVST can
be removed using & special tool. This provides the
capabl i ity for Inspection.

L nm
permanent shielding Is provided. As stated In PSAR
Section 12.1, personnel ere excluded from proximlty of
transfer port during raising and lowering of fuel
assembl| les. No permanent monitoring provided for
refuel Ing equipment. Redlation monltoring will be
conducted by HPs. Section 7.3 of the PSAR dliscusses
radlation monitoring for Contelnment Isolation. Sectlion
12 of the PSAR, Figures 12.1-1 through 12.1-14 Identify
the locetion of erea and moblle monitor for the Reactor
Service Bullding and Reactor Contalnment Bullding.

Conf Irmatory monltoring should be provided for the
EVST durling stertup (for example, using & temporary neutron
detector) since the calcul ated 2-sigme upper=bound value of
0.947 for k-effective Is close +o the estab! Ished |imit of
0.95.

The volue of k-effective quoted In the PSAR Is for
an upper=1imit loading of the EVST, assuming the entire 650
storage positions of the EVST are loaded with new fuel of the
highest enrichment, which |s the worst case. This case 8lso
assumes that LWR recycle fuel of the highest plutonium and
$1sslle content Is belng used. inltlal loadings of the EVST
will be spproximately 167 fuel assemblles. Thus, there will
be substantial margin relative to criticality. A capabll Ity
s avallable, however, to add 8 temporary neutron detection
system for conflrmatory mon|tor Ing during EVST loading. The
avallabll ity of monitoring capst!l ity Is edded to PSAR
Section 9.1.2.1.2 In the enclosed markup.
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Comment: Can @ single fallure cause the EVTM t0o move
evay from a floor valve without the fuel assembly fully

ralsed and the appropriste floor vaives sand closure
valves closed.

Motion of the EVTM requires thet (1) an Interliock be
satisfled to energize the drive motors and (2) that the
operator unlock ths selsmic Jocks based upon
elactro-mechanicel indication. The Interlock and the
tmput to permit operator disengaging seismic locks are
{ndependent. Hence no single fallure will ceuse the
EVTM to be moved until the F/A Is fully ralsed and EVTM
is properly sealed.



9.2-2

Response:

................

PIAR Secdon 9%

Comment: The eppropriste selsmic clessification of the
Nuclear Islend Geners!l Purpose Maintenance System
should be specifled.

The seismic cetegory of the decontemination faciiity,
the primery sodium removal end decontamination system,
the hendling contaliners and the remote viewing
equipment are established consistent with the Impact on
plant safety related equipment and witl thelr Impact of
thelir fallure on public safety.



Clerificetion Is required on the enelysis of
sodium=-weter reactions In the Nuclear Islend Genera!
Purpose Maintenance System.

Response: Facised PSAR section 15.7.3.7 s etteched.




9.2-5

Response:

Comment: Ceustic-iIntuced stress corrosfon cracking of
the process system and the components to be cleaned
should be evaluated.

For the stainless steel materials used, the stress
cracking regime due to NsOH has @ lower temperature
boundary of approxiamtely 240°F as shown In attached
Figure 2 of article by R.E. “wancby "Corrcston Che* ts:
Guldes to Materie!l Selection™, Chemical Englineering
69:22, 186-201 (November 12, 1962). Expected process
temperatures are below 200°F. Hence, stress corrosion .
crecking Is not considered to be 2 problem for elther
the process system or the components cleanecd.
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Comments:®

Response:

AR Section 44

Addittional informeation Is required on the trace heating
of the foliowing safety related equipment:

Intermediate Hest Transport System Drain Lines

Sodium Water Reaction Product Rellef System
(Piping, Valves and Tanks)

Primary Cover Gas Equalizetion Line

Overflow Heat Exchanger and associated Sodium end
Nek piping ’

Ex-Vesse! Sodium Loops

Active safety-related valves

CUoware dead and13.5.2-4C

Revised PSAR Section 9.4,1s attached(Encwun 1),

Technical Specifications will be provided In the FSAR
for the operation, eas eppropriate, of trace heated
safety related equipment to consider thermocouple and
heater malfunctions.




PSARSECTION 9453

Question 9.5-1

The portions of the argon system which are extensions of the
primary system boundary, the EVST system boundary or the
inert gas supplies to any sodium containing component or
system should be designed to seismic Category I requirements
up to and including the first isolation valve.

Response

Seismic Category I design is provided at least up to (and
including) the first isolation valve in the argon supplies
to and, vents from, all liquid metal

Question 9.5-2

te ’ 28 “T“f‘“.i'

A backup argon supply (such as gas bottles) should be
provided for the reactor and EVST to maintain the inert
atmosphere on these systems in the event of a loss of normal
argon. The capacity of the backup supply should be based
upon a reasonable estimate of the duration of a loss of
normal argon supply.

Response

Due to the low pressure of the cover gas over the reactor
and EVST, and the heavy nature of argon, a centinuo.s supply

of aryon is not required for purposes of maintaininc¢ an
{nert atmosphere for either.

In both cases, the flowing supply of argon is provided

primarily for purging of gaseous impurities. For the

reactor, the normal supply is from recycled argon with on-

line back-up supply of fresh argon supplied from liquid

argon storage via the RCB gaseous argon header. For the

EVST, an immediate on-line back-up is not required. The RSB
header (normally suppiied from its own liquid argon storage)

can manually be supplied for back-up purposes through a

valved cross-connect to the SGB header. P Acen o Pres dd & &
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The desigi. code to be applied in the design of the piping = -~ P
needs to be specified. Also the material for the nitrogen *“ © 32;1
distribution system piping needs to be specified. 2 e A
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FPigures 9.5-1 through 9.5-10. Design Codes correspond
directly (e.g., "SC-2" design code is ASME-111 Class 2;
*gC-None" design code is ANSI-B31.1). The material for the
nat rugen distribution system piping is substantially carbon
stesl. BStainless steel is specified, however, for ose
portions of the system containing liquid nitrogen, and up
through the first valves on the outlets of the nitrogen

Question 9.5-4

The nitrogen sampling and analysis units gshould be designed
to be seismic II and should be capable of periodic testing

and calibration. 1In addition, the radiation sensor, control
arid valves which divert the exhaust from the ex-containment

inerted celle to CAPS upon detection of high radioactivity
ghould be Seismic I.

Response

The nitrogen sampiing and analysis units perform no nuclear
safety functions and thus are specified as high guality
commercial equipment. Features to facilitate periodic
testing and calibra*ion are provided in the design and

include connections to introduce known gas and vapor test
mixtures.

The potential for direct radiation release thru H&V venting
of the ex-containment inerted cells (without diversion to
CAPS) is well within 10CFR20 limits. Automatic and manual
diversion features to CAPS are provided on the basis of
maintaining releases As Low As icasonably Achievable.
Seismic I requirements are not warranted. Radiation
detection, in addition to that provided by the nitrogen
sampling and analysis unit, is also provided at least twice
along any of the potential exit paths thrnugh CAPS or the

H&V systems. The potential for release is$ discussed in PSAR
Section 11.3.3.3.
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‘Psqe ele. 4.6

RSB RAPS & CAPS HVYAC CHANGES (BECOMES CAPS HYAC)
RAPS, cells removed from RSB and pisced In RCB.

Redundent RAPS & CAPS exhaust fans removed, along with
essoclated Independent exhaust structure.

CAPS cell provided with exhaust (hense negative presure) viea
RSB Filtered Exhaust System, connected upstresm of first
class 3 isoleation damper.

Three unit coolers for CAPS cells rather than one.

Rad Monltors Indicate high radiation from groups of cell.
High rediation will inttlate closure of quick closing
isoiation dampers.




Questien
9.6.5 Diese! Generator Rooms HVAC System

1. Describe the design for ventilation of the rooms
and assocliated equipment for the third emergency
diese! generator,

Provide Justification for @ tfall closed mode for
the diesel gonerator rooms emergency supply fens
outside alr inteke dempers and discharge dempers.
Verify that there is no common mode fallure source
that could result in loss cf air flow to the
diese| generator rooms when all dempers fall to
open. A fall open mode appears to be the proper
fall safe position for the above dampers.

Besponse

i. The ventilation system for each of the three diesel
generator cells is typiceal as follows:

During normal plant operation (i.,e. diesel Is not operating)
heating and yentilatig s provided by an H&V unit 1o remove
the heat 108d.

During dlese! operaiion, cooling {s provided by two 50%
capacity fans whichecirculate the room alr through cooling
colls served by the emergency plant service water.

The DGB HVAC System has been revised to a recirculating
system cooled by emergency plant service water, Qutside alr
{s no longer the cooling medium for the HVAC system serving
the dlesel generators. Accordlingly, +he outside air intake
dampers arge damFer;ahave been deleted.
. a - hﬂ‘l‘ #et ondsde o aw dnsel 2Pt
ote [ e system serving Division 1 &
2 switchgears remains as described In Sections 9.6.1.1.2.

The two dlesel generator cells (511 and 512) above the B16'
elevstion have been removed and relocated to the new diesel
generator buildings. The cells below el. B16"' remain(with
the exception of fue! ofl transfer pump cells 526, 527) and
sre redesignated as beling in the electrical equipment
buttding (EEB).

The switchgear for Division 3 IE power will be located In
the SGB and the cooling system serving the ares wiil vse
outside alr end will be powered for the 3rd Diviston 1E In
the event of loss of normal power, Intfake and exhaust alr
ducts will be Tornado and missile protected.
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Sectlon 9.16. Question. .l

The design *emperatures and pressures of the subsystems should be
made the same as those of the ce!ls which they serve In order to
ensure that a sodium or & NeK leak In a cell will not rupture the
ges cooling system, even assuming that an isoletion valve falls
to close. Added assurance of cooling system Integrity will
preclude opening a path for combustion product release of alr
In-leakage to the ilquid metal.

Besponse

The design pressure of the subsystems |s et least equal to the
maximum cell design pressure due to Na or NaK leak.

The piping and system components are located outside the cells
cooled, and thus are not directly exposed to the cell environment
unless an tsolation valve falls to close. The piping design
temperatures calculeted, used are based upon consider the maximum
cell temperature due to Na/NaK leak, the piping and component
location 1's related to cell, whether natural or forced
clrculation {s present, thermal fnertla of the system, and
thermal conductance of the piping cystem. In all cases the
vesign temperature will be equal to or greater than the maximum
expected temperature.

Sectlion 9.16. Qusstlion 2

It contre! rod coolfng from subsystem CR Is required to ensure 2
safety function, then that subsystem shou!d be safety class 3,
and a minimum of seismic Il (also ASME code II1l, class 3).

Besponse

Primary Control Rod Drive Mechanisms are cooled by nitrogen gas,
supplted by Subsystem CR of the Recirculating Gas coolling System.

The effect of a fallure In sny part of these systems to supply
this coolling gas hes been investigated by a series of tests at
W-ARD. The results of these tests were presented to NRC (R.
Stark, D. Moran) in & meeting on 10/14/82 end officlally
trensmitted to NRC by DOE letter HQ:5:82:107, J. R. Longenecker
to P. S. Check. A summary of these tests and results Is
presented below.

The PCRDM Loss of Stator Coolant Flow tests were conducted with
prototyplc hardware tn 1000°F sodium flowing at the desfgn flow
rete of 45,000 Ibs/hr. The PCRCM stator temperature s normally
measurad by radundant thermocouples located In tre outliet of the
stator ccol!ant flow. For these tests, addi!tional thermocouples
were loceted In the stetor winding to measure the maximum stator
winding temperature as a function of coolant flow.

Normal stator coolant flow Is 157 scfm Nz at 95 psig. For these



tests the coolent flow was reduced In a series of steps until and
coolant flow was zero. At each flow rate, the stator temperature
was measured as a function of time until the temperature reached
an asymptotic value.

During the stator heatup, the PCRDM was pleced In & hold
condition with the PCA withdrawn 36 Inches. When the stator
temperature reached !+ts asymptotic vaiue, the PCA was driven In
eleven Inches and then withdrawn to 36 Inches a toteal of five
+imes to demonstrate that the mechanism would operate properly
with the stator at an elevated temperature. The mechanism was
the. scrammed and the unlatch time and screm Insertion time
recorded.

During this test, the stator wes held at the design value of 175
volts D.C. As the stator winding temperatuie increased, the
resistenace also Increased and the current decreased. Thus power
to the stator decreased and eventually an asymptotic condit'on
was reached. This process was alded by radiant heat transfer
from the surface of the stator.

At the worst case condlition, t.e. complete lo=s of coolant fiow,
the max!mum stator winding temperature reached 658°F In
approximately 260 minutes. In this condition of the PCRDM would
run, hold and scram properly. However, once the mechan’sm had
scramm~d, the stator winding resistance was too high to latch
immediately. There t3s no loss In scram Insertion speed, and at
higher temperatures the time to unligtch became shorter.

The only negative efiect of high stator temperature on the
operation of the Primary Control Rod System was the erretic
behavior of the absolute rod position Indication (ARPI). This
occurs In a narrow band from 12.5 fnches to 15 Inches when the
coolant outlet temperature r~ached 380°F, epproximately 170
minutes after complete loss of coolant flow. Continued operation
of & PCRDM wl!thout coolant flow would cause the affected zone in
the ARP! to Increase and potantially cause permanent damage to
the ARP|. However, plant procedures zall for @ consideration to
remove power from & PCRDM, which has reached 500°F, and
subsequently shutdown the plant. This procedure Is Intended to
prevent permanent damage to the ARPI.

As a result of Yhe above described tests, I+ Is concluded that
the Primary Control Rod System can perform its required safety
function to shutdown the plant with no loss In performance In the
pvent that there s a complete loss of coolant gas to the Primary
Control Rod Drive Mechanisms. Consequently there s no need to
upgrade the safety cless of Subsystem CR of the Recirculating Gas
Coolant System, which supplies cooling for the PCRDMs.

PSAR pg. 4.2-256 (etteched) documents that cooling ges Is not
required to mafntalin the safety function of the PCRDM,

Sectlion 9.16. Questien 2




1f the abliity of the pr-imery end Intermediate heat transport
system loops to effect decey heat removael could be sdversely
impacted by & loss of cell cooling and subsequent, consequent
Iimpacts on freeze vent or freeze seal Integrity, then the
sssoclated subsysters should be updated to safety cleass 3,
seismic catetory !, and should have redundant cooling loops with
the cepsabli ity of belinyg powered by I|E power,

Besponse

Loss of ce'l coolling Pes been eana'yzed for Its affect on the
freeze vent or freezs seal Integrity,

As a result, once the primary heat transport system has been
fllled with sodium, the cover gas |ines to primary heat transport
system freeze vents are capped external to the cell to preclude
Ingestion of cover gas in the event of a freeze vent melt,

Section 9.18. Question 4

A description of the Instrumentation providing signals to the
tsolatin valves, causing them to close, 's required, the
description should Include location, selsmic category, safety
class and power supply. The statfs position Is that the safety
class should be the same as that of the cocling system |t serves
and that all instrumentation should be selsmic | end powered by
|E power,

Besponse

PSAR Section 7.6.6 provides the deta'!l description and figures of
the Instrumentalton and controls provided In the Reclirculating
Gas Cooling System. This section contalins all the fuformation
required above. |t should be pointed out thet the Project has
recently changed the fallure position of the isolation valves to
fall-as-!s. Chapter 9.i6 and 7.6.6 of the PSAR wi!i.| be revised
fn @ future ammendment to reflect this.

Sectlion 9.16. Question 2

The power supply and the fallure mode of all Isolatio valves
shouid be specifled.

Besponse

PSARk Sectton 7.6.6, provides the Information regarding power
supply end fallure mode of the Isolation valves., |t should be
noted thet the Project has recently changed the fallure position
of the reclirculation gas cooling system Isolation valve to
fell-as-1s, Th's will be Incorporated Into the PSAR In a future
ammendment,

Sectlion 9.16. Questlion 16




The rationale for automatic closure of Isoletion velves In RGCS
cooling systems (e.g. MA, ME, EA, EB, end FC) where cooling may
be required to support decay heat removal should be provided.
Alternately, remote manual operation may afford operator
flexibllity to better ensure safety.

Besponse

The Project has recently changed the fallure position of the
recirculation gas cooling system isolation valves to fell-as~-1s.
The valves will close automatically only upon receipt of a leak
in the coolling coll or & high return gas temperature. Automatic
operation s preferred over remote manual operation in order to
provide an additional barrfer in the unlfkely svent elither a
sodlum or water leak to assure no sodium/water reactions can
occur.
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Each systenm consists of a control assembly, a control rod drive-
1ine and a control rod drive mechanism. The control asserbly, located
in the core, consists of a movable absorber pin bundle called the control
rod and an outer duct assembly. The control rod driveline provides a
1inkage between the control rod and the control rod drive mechanism,
located above the reactor closure head, which positions the control
rod at appropriate axial core positions.

The control rod systems operate on the principal of varying
the neutron absorption in the core by movement of the control rods in
and out of the core. The primary system provides a means for starting
up the reactor, regulating the power level of the reactor and compensa-
ting the reactivity loss due to fuel bu“nup as well as functioning
as the primary shutdown system. The sec ndary system provides reactor
shutdown in the extremely unlikely event >f failure of tie primary
system to shutdown the reactor.

4.2.3.2.1 Primary Control Rod System

The 9 core locations comprising the Primary Control Rod System
(PCRS) are shown in Figure 4.3-1. The three major components of primary
control rod system are shown schematically in Figure 4.2-100. The PCRS
design is essentially the same as the FFTF CRS design in order to
maximize the use of the FFTF design, analysis, and testing experience.
Figures 4.2-101 through 4.2-104 show the principal design features of
the primary control rod system.

4.2.3.2.1.1 Primary Control Rod Drive Mechanisms

Principal features of the Control Rod Drive Mechanism (PCRDM)
are shown in Figures 4.2-101, 102 and 103.

The PCRDM is an electro-mechanical actuating davice which
utilizes a collapsible rotor roller nut drive,and is actuated by signals
from the reactor control system. These signals cause the stator to be
energized and magnetical’y actuate the rotor assembly arms, causing
the roller nuts to engage the threaded portion ¢f the leadscrew. Po-
tation of the electrical field of the stator causes rotation of the
roller nuts with respect to the leadscrew which is rotationally
restrained. This rotation raises or lowers the leadscrew whereas,
stopping the rotation causes the rotor assembly to hold the leadscrew
at any desired position. De-energizing the stator causes the roller
nut to disengage the leadscrew, causing the leadscrew, driveline and
the control rod absorber to drop into the core at a rapid rate of

. _insertion (scram).4 Two independent control rod position indicating
(”igifgﬁg'ETt'Tntvrﬁgrated in each control rod drive mechanism.

Heat S e shader 4 vemeved by e ﬁcj""“\‘t'“ﬁ s.., ‘...‘.MJ
systom (See PSAL tucdim A1622). hoss of TEecluy will wet whibil
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5.2.1.5 Reactor Yessel Praheat

The Reactor VYesse! Preheat System will control the dry heat-up and cool down
of the Guard Vesse!, Reactor Vessel and Internals between ambient (70°F) and
400°F and |f required will provide meke-up heat for that lost to the Resctor
Cavity during prolonged shutdowns.

The heat will be provided by tubular electrical heaters mounted between the
Guard Vesse! and Insulation. These heaters will be arranged circumferentially
sround the Guerd Vessel and wil| be grouped and controlled In zones of uniform
heat output. Temperature sensing devices will monitor the Guard Vesse!
temperature In each of these zones and provide the necessary feedback for
power level adjustments In the heaters.

The heaters will be mounted to the same framework which supports the Guard
Vesse! Insula*lon. Attachment clips will offset the heaters from the Guard
Vesse! surface. Convective barriers, reflective sheaths and Guard Vessel
insulation will be used to optimize heat input to the Guard Vessel end
minimize losses to the Reactor Cavlity.

Prel Iminary preheat, startup, shutdow: analyses have been performed on the
Reactor Vessel and Guard VYesse| to determine the temperature differences which
wiil result In opening and/or closure of the annular gap between the two
vessels. By necessity the preheat analysis Is very prel iminary since no firm
preheat procedure has yet been developed. Figures 5.2=-4 through 5.2-6 show
the temperature dlfferences between the Reactor Vessel and Guard Vessel In the
Inlet and outlet plenum regions for the three transients In question. As
shown the largest positive temperature difference between the Reactor Vessel
end the Guard Vessel occurs In the outlet plenum region during startup (3350F)
while the largest negative temperature difference occurs In the outlet plenum
reglon during shutdown (-2140F). The nominal radial gap between the reactor
vessel and guard vessel Is B Inches at assembly and at the end of preheat.
This gap decreases to approximately 7.6 Inches minimum during start-up and
Iincreases to approximately 8.3 Inches maximum during shutdown. During preheat
the gap also Increases but to a lesser value than dur Ing shutdown due to the
smal ler maximun temperature difference.

Veriations In the axial gap between the bottom of the reactor vessel and the

Inner surface of the guard vessel are noted between the states shown In the

table. Thus the largest axlial gap Is 11.0 Inches at the dry cold condition

and the smallest gap Is 6.2 Inches at the end of the heating phase of preheat.
—p LTrsert Seclignn 5.2 .10

5.2.2 Design Parameters

Overal| schematic views cf the reactor vessel, closure head assembly, inlet
and outlet pliping, and guard vessel are shown In Figures 5.2-1, 1A and 1B.
The top view Is given iIn Figure 5.2-2.

5.2-4C Mendo 72
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$.2.1.6 Closure Eead Heating

The Closure Head Beating temperature control system

consists of a single master temperature set point device
which is used as the set point reference by the
individual heater zone controllers.

The individual heater zone controllers control the
temperature of the closure head and reactor vessel

support ring based on the tenperature reference
indicated and the individual zone temperatures as
indicated by embedded temperature sensors located within

the individual zones. Each zone has multiple

temperature sensors, Failure of a single temperature
.8ensor will be detccted and alarmed.

The heaters are placed within individual zones to
account for heat sinks, i.e.,, risers, nozzles and other
head mounted equipment.

All elements of the head heating and control system are
classified as Seismic Category II,

Sufficient redundancy has been incorporated into the

design to assure that failures of individual cumponents

shall not cause degradation of system performance to the
point where the thermal requirements are not met,

A technical specification will be provided tv address
operations with failed heaters and temperature sensors
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e floor valve |s mated to the EVST, end oxtends from the striker piate top to
the cooling Insert. The cool Ing sieeve, shield coller, end floor vealve
adaptor reduce the trensient dose rate from & spent fuel assembly being
transferred into the EVST from the EVTM to less than 200 mrem/hr ot the
surface. The port penetrations through the closure head ere stepped to |imit
radiation streaming through the geps. In order to allow suffictent time for
Inspection and maintenance of the malin bearings and seals, shielding Is
provided to attenuate the direct and scattered radiation levels to less than
125 wem/qtr.

The EVST internals, storage vessel, and guard tank thicknesses ere based on
structural considerations, but also attenuate radlation In the redlal and
downward directions. However, the bulk of shlelding to reduce radlation
levels In adjacent vaults is provided by the concrete veult walls which ere
discussed In Sections 3.8 and 12.1.

The fuel trensfer port plugs In the EVST head have double, static elastomer
seals. Large dlameter metallic seals ore between the storage vessel end the
closure head. The operating floor striker plate has & seal at i+s mating
surface with the side wall vault Iining. The turntable driveshafts have
double, dynamic elactomer seals. All seals In the EVST sre double with
~apabl| ity for convenient |eak testing by pressurizing the buffer space
between seals In a palr. The effectiveness of the seals cdoes not depend on
the presence of a buffer gas, although 1+ would mitigate an Inner seal leak.

The EVST is designed with sensors and inter locks to prevent any unscheduled
movement of the turntable whiie the EVTM s mounted on the EVST. The
{nterlock allows the turntable to rotate only when the EVTM grapple s In The

full up posttion. The EVST Is designed to prevent excessive relative motion
between the head and turntable during an SSE.

Temperature Instrumentatfon and sodlum level sensing probes will monitor

coo! Ing capab!lity. High EVST sodlum outlet temperature, and high or |ow
sodlum levels will sound an alarm. Other monitors wil! bo provided In the
EVST cool Ing system (see Secifon 9.1.3). Sodlum leak detectors w!ll monitor
the space between the storage vesse! and the guard tank. An argon cover gas
ectivity monitor will be provided. An erea monitor of the gamma scint!llation
type wil| measure the gamma radtation on the RSB operating floor sbove the
EVST. The EVST design also Includes the cepabl| ity to add a temporary neutron
detection system for conflirmatory monitoring during EVST loading.

9.1.2.1.3 Safety Evaluation

The minimum center-to-center separation distance between storage tubes and the
9 storage positions permanently filled with ch wll|l keep the storage array

_ subcritical even if the EVST were completely loaded with new fuel assemb| le.
of the highest reactivity. The B,C neutron absorbers are designed such that
they cannot be removed !nadver#en‘ly, {.e. cannot be removed with the normal
refuel Ing equipment, Based on t+he calculattons reported below the K ¢4 of
this erray, efther with sodium or vold of sodium, will be less than 0.65. .13
required.




The system provides the capabliity to maintaln the oxygen content of the
sodium In the EVST at, or below, 5 ppm. The cold trap used for this service
Is separate from those used for reactor and primery loop sodium pur!fication,

The system, working In conjunction with the Primary Sodlum Storage end
Processing System described In Section $.3-2, provides a means of removing
reactor decay heat In the event of loss of normal heat removal peths. These
two systems, operating together, provide the Direct Heat Removel Service
(DHRS). The DHRS Is sfzed to Iimit the average bulk primary sodium
temperature to spproximately 1140°F when the DHRS Is Inftiated one~half hour
efter reactor shutdown. Under this condition, all primary pump pony motors
ere assumed operational. When the DHRS s Inftiated twenty-four hours after
shutdown, the average bulk primary sodium tempe-ature !s malntalned belowr
900°F, assuming oper. tion of @ single primary pump pony motor. Total heat
rejection capabl!lity of the EVS Sodium Processing System s based on removal
of the required reactor decay heat In addition to the heat generated by spent
fuel within the EVST. The maximum simul taneous EVST and reactor decay heat
load s approximately 11-1/2 MW, with DHRS Initiated one-half hour after
reactor shutdown,

9.1.3.1.2 Design Description

The EVST design and operating decay heat loads and sodlum coolant outlet
temperatures are gfiven In Table 9.1-1,

The major assemblies of the EVST important to decay hezt removal, other than
the cool ing system itself, are the storage vessel, the guard tank and the
Internals. The Internals, specifically the turntable, separate and support
the spent fuel assemblfes (contalned In sodfum-filled CCPs) permitting them to
be satisfactorily cooled. The structural design of the turntable has already
been discussed In 9.1.2.1,

The storage vessel has been class!fied as Safety Class 2 and !s designed,
fabricated and Inspected In conformance with the appropriate codes and
standards (see Section 3.2) to provide a leak-proof contalnment for the sod!um
coolant, The sodium level !s maintained at a high enough elevation so that
normal fluctuations due to changes In temperature or number of stored
components do ndot uncover the top of the CCPs In which the spent fue! Is
stored. During off-normal conditions, such as a leak or rupture In elther the
vessel or the cooling system, the vessel sodium outside the CCPs cannot fall
below the minimum safe level. This level is defined as that below which fuel
cleadding temperatures would exceed the |Imits specified In Table 9.1-2 for the
fuel assembiy stored at the highest possible location within the storage
vessel. The sod/um nozzles In the vessel are located In the upper elevations
of the vessel wa!l (see Figure 9.1-6). The EVST sodium Inlet |!nes contaln
antisyphon devices which prevent a cool!ng system leak from lowering the

- vessel sodium below the minimum safe level. The EVST guard tank Is sized to
contaln sodium |eaked by the storage vessel and maintain the sodium level
above the minimum safe level.
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The EVS Processing System Includes two Independent forced convection cool Ing
circults, designated circult Nos. 1 end 2, eech of which can remove the
required EVST heat loceds.

During norma! operation, one forced convection circult Is used for EVST

cool ing and the other Is on standby. Each of the circults Is composed of two
loops, one & sodium loop and the other a NaK loop. The sodium loop clircul ates
sodium from the EVST through & sodium-to-NeK heat exchanger and back to the
EVST. The NaK loop circulates NaK through the exchanger where 1t picks up
EVST heat, to a forced-draft airblast heat exchanger, for dissipetion of hest
to the atmosphere, and back to the sodium-to-NaK heat exchanger. The system
ealso Includes 2 cold trap to provide purification of the EVST sodium.

The two forced convection cooling clircults are supplfed with Class 1E
electrical power, Standby electrical power is provided for both circults In
the event of loss of normal power (see Section B8.3.1.1.1). Standby power !s
suppl fed to the two clircuits by different diesel generators.

In addition, the EVS Processing System Includes & third Independent natural
convection backup cool!ng circult designated No. 3 which can also remove the
required EVST heat loeds. In the extremely unlikely event of loss of both
normal cooling circults, the backup natural convection coolling clircult Is used
to remove the required EVST heat loads. Sodium clirculates from the EVST
through @ backup sodium-to-NaK heat exchanger and back to the EVST. The NakK
locop circulates NaK through the exchanger where It picks up EVST heat, to @
natural-draft heat exchanger, for dissipatior ~¢ heat ‘o the satmosphere, and
back to the sodium-to-NaK heat exchanger,

The EVST sodium outlet downcomers within the EVST terminate at d!fferent
elevations above the stored fue!. Loop #2 (forced circulation) has two
outlets; the highest outlet used for normal operation, and a second outlet at
2 lower elevation such that any sodium |eakage from Loop #1 (forced
circulation) will not uncover the Loop #2 outlet. Loop #1 has one outlet
nozzle loceted at an elevation between the Loop #2 nozzles. The lower Loop #2
nozzle would be used only In off-normal cond!tions when both Loop #1 and the
higher Loop #2 flow paths w!ll not function. The third (backup) cooling
circult (Loop #2) has one outlet located below all Loop #1 and Loop #2 nozzles
such that the Loop #3 outlet w!il not be uncovered by a leak 'n elther Loop #!
or Loop #2. A ieak In the Loop #3 piping will not uncover any of the |oop
outlets because It is entirely elevated above the minimum safe level in the
EVST.

The entire EVS processing system Includes the following components:
EVST Sodtum Pumps (2)
EVST Sodlum Coolers {2)
EVST Backup Sodtum Cooler (1)
EVST NaK Pumps (2)

-2
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expansion tank is Isoisted and the EVST NeK pump is Increased to

400 gpm each. The cover gas space in the +wo EVST NaK expansion tanks
{s cross-connected to equalize tenk NaK levels.

9.1.3.1.7 Safety Evaluation

The EVST cool Ing capabliity can be provided by elther of two ldentical, forced
convection cooling circuits, each of which can remove 1800 k¥ while
malntaining & maximum EVST sodium outlet temper ature of .

In the extremely unllkely event that the normai clrcults are unavallisble, heat
will be removed through & third Independent (backup) natural convection

cool Ing circult, At 1800 kW this backup cool fng circult will maintain sod’um
temperatures within the EVST below 775°F.

The critical temperature in a fuel assenbly, from the standpoint of safety, Is

the peak fuel cladding temperature. The normal and emergency |imits are given
in Table 9.1-2.

The peak fuel cladd!ng temperatures shown In Teble 9.1-2a, eare within the
|imits. Hence, no damage to the stored fuel assembl! les wil | occur.

The codes and standards to which the EVST vessel and the surrounding guard
tank are designed and fabricated assure that leakage of sodium will be & very
low probabliity event, At the minimum level, adequate cooling is maintalined
with no temperature increases from those shown In Table 9.1=1,

Each of the three sodium cool!in: loops Is designed ajainst the possibliity of
common-mode fallure. Two pump .uction |ines are provided witnin the EVST for
normal sodium circult No. 2. Tre open end elevation of each !s different, one
high, one iow. Each of the tv, Iines |s separately valved externally to the
EVET. Aftar the Inftial f1'' of the loop, the tsolation valve In the low
suctlion Iine Is locked closed and remains closed (except for perfodic testing)
throughout the plant Iife. This |ow suction Iine s used only In the event of
a major loop or vessel rupture. One pump suction |ine Is provided within vhe
EVST for normal coolfing circult No. 1. The open end elevation of this Iine 12
between those for circult No. 2. This Iine Is valved externally to the EVST,
and 1s called @ "high" pump suction 1ine. During normal syste. operation, one
of the normal coollng loops is operated using the "high™ pump suction |ine.
The suction |ine(s) In the standby normal ioops are closed. In the event of 2
major fallure (rupture) of the operating normal sodium cooling loop, the
feolation valve In the pump suction |ine !s closed by operator action from the
control room, signalled by concurreat alarms, indicating low level In the EVST




and & sodium leak within the cooling loop cell. If the {soletion velve should
not be closed the EVST sodlum level could only be siphoned to the (.igh) pump
suction outiet within the tank. Siphoning from the return |ine Is prevented
by en ent!isiphon vent In this Iine within the EVST. If o fellure of normal
cool Ing loop occurs, 8s described previously, the standby normal cool ing
circult can be tmmediately sctivated by valving In its lower pump suction snd
tncreasing pump flow to the design rate of 400 gpm.

In the extremely unlikely event that the second normal |0op cannot be
activated after the first loop hes exper {enced @ fallure, the third (backup)
circult will be brought Into operation. One suction |tne 1s provided within
the EVST for the backup cool Ing circutlt., The open end elevation of this
suction Iine Is below the |ower suction |tne of normal cool Ing clircult No. 2.
Flow back to the EVST Is through the $111/dratn 1ine. Siphoning from this
return |ine |s prevented because the entire backup loop Is eilevated above the
sodium level In the EVST. The dretin Iine for the Na heat exchanger in the
circi 1t has a removable pipe spool at an elevation above the EVST sodium 'evel
to prevent siphoning through this circult.

Fallure of any component, in any of the sodium or NeK |oops, cen cause loss of
only the cfrcult In which 1+ is located. The normal siandby or backup cool Ing
circult can then be put tnto operation within minutes to provide essentially
cont {nuous cool Ing of the EVST sodium. The potential radiological
consequences of an extremely unlikely release of EVST sodium to an {nerted
cell s described In Section 15,

All components of the norme! sodium and NaK |00ps which require electrical
power are on the Class |E power system, o ensure conttnuous EVST cooling and
reactor decay heat removal. In the event of complete loss of external power
to the plant, power tO both of the normal cooling clrcults 1s provided by the
plant diesels. immediate activation of the dlesel-powered supply 15 not
necessary for the EVST sodium pumps since +he sodlum volume within the EVST
provides & heat sink to minimize sodium temper ature rise during loss of
ctrculation, Sodium clrculation can be lost for spproximately 2 hours before
the maximum sodlum temperature tn the upper portion of the EVST reaches 600°F.
Activation of the emergency power supply to the NaK pumps and airblast fans is
required within 1/2 hour, however, to ensure the ava!lablllty of DHRS for
reactor decsy heat removal .

The only "active"” component in the backup loop 's the damper on the natural
draft heat exchanger. 1+ 1s operated manually and, therefore, does not
requiro connection to the emergency power system.

isolation of all of the cooling clircults (sodium plus - "€ assoclated NaK loop)
in separately shielded, inerted cells preciudes both -_dloactive sodium fire
_ and the possibliity of eny fallure in one loop Imparing the operabl| ity of the

pther.
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is used for transfer and wil| normally be empty or contalin an empty CcCP.
Normal ly, the decey power of fuel assembl les handled In FHC will be |imited to
<6 kW each, However, under unusual conditions, It mey be desired to examine @
short=-cooled assembly, f.e., with a decey power greater than 6 k¥, but less
than 15 kW. Under this condition, no more than a single fue! essembly shall
be permitted In the FHC. The transfer station will be designed to cool @
single fuel assembly of up to 15 k¥ decay heat without exceeding the normal
cledding temperature |imit,

The gas cool ing grapple will have suffictent cooling capacity to maintain the
cladding temperature of & fuel essembly below the normal cledding temperature
1imit with a decay heat loed of 15 kW.

9.1.3.2.2 Design Description

The spent fuel transfer statfon shown in Figure 9.1-8 consists of a lazy susan
assembly containing three transfer locations for core component pots (CCPs), @
bearing and drive system for the lazy susan, & structural support frame and
bracketry, heaters, insulation, and seismic restraints for the lazy susan.

The transfer station !s designed to ASME 111/Sub NF3 and Setsmic Category !
requirements,

The spacing between the storage locations |s determined such that adequate
natural convection cooling is provided.

The lower portion of each storsge location is a tepereu cylindrical socket to
support the CCP while providing a catch basin for sodfum drippasge. The
cy!indrical socket houses heaters on 1+s outside which prevent sodfum freezing
w n storing core assemblfes with |ittle or no decay heat.

The decay heat w!l| be removed by natural convection to the FHC argon
atmosphere, which In turn Is cooled by the redundant argon circulation system.
Under the worst case cond!tions the cladding temperature will not exceed
1100°F.

Cool Ing of the FHC ergon atmosphere s provided by the Argon Circulation
System, which has two loops, each cons!sting of a fan, ges heat exchanger and
e pliped distribution system. The heat exchanger removes heat from the argon
gas and rejects 1t to the recircul ating Dowtherm J System which rejects 1t to
+he Ch!lled Water System (Normal or Emergency as eppl fcable) which In turn
rejects the heat to the ambient alr through the Emergency Cooling Tower in the
emergency mode and through the Normal Cooling Tower In the Ncrmal mode. The
ergon circulation system and supporting heat removal systems operate during
normal plant operation, eccident conditions, end periods of normal electrical
power fallure. The Argon Circulation System and Recirculating Dowtherm J
System are Non-Class 1E systems supplied with standby electrical power by the
séme dlesel generator (see Section 8.3.1.1.1). The chllled water system (00pS
ore Class 1E systems supplfed with standby electrical power by diesel
generators. One generator serves the argon circulmtion system loops, &lso
(see Section 8.3.1.1.1), The low-pressure ar system, Including the shel |
of the cooler, s designed to ANS! B31.1, fand Section VII| of the ASME Boller
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and Pressure Vessel Code, Ssismic Cetegory 1, end Is located within a har dened
structure.

The crene handled gas cool ing grapple, shown schematically In Figure 9.1-9, Is
malinly used to transfer bare fuel assemblles from the spent fuel trensfer
station to the spent fuel shipping cask. Design of the grepple finger
sctustion mechanism prevents actuation of the fingers to release 8 core
assembly while the fingers are supporting the weight of the assembly. The
crane hook Includes a latch to prevent inadvertent disengagement of & cool Ing
grepple from the hook. In the event of & loss of electric power, the crane
will stop at Its position at the time of the power fallure. Design of the
crane includes the capabflity for manual operation. Access to the crane for
manual operation fs through ports {n the wall end roof closure.

L

Two redundant argc~ gas-cooling blowers are mounted on the upper end of the
gas-cool Ing grapple. These blowers draw argon gas from the surrounding cell
environment and blow It through the grapple and fuel assembly, discharging It
back into the cell through the nozzles at the bottom of the fuel assembly.

The ergon gas fiow rate wil! be large enough to maintain the cladding
temperature of a fuel assembly below the normal cladding temperature Iimit for
decay heat loads up to 15 kN. The blowers are supplied with normal electrical

power .
9.1.3.2.3 Safety Evaluation

A CCP containing a fuei essembly s cooled suffictently by natural convection
of the adjacent FHC atmosphere to maintalin the peak fuel cladding temperature
below the |imits given In Table 9.1-2. The peak temperatures, given in Table
g.1-2A for normal operations in which the FHC atmosphere temperature is
malntained by the argon circuletion system and for the unltksly event of loss
of cooling of the FHC atmosphere, are within the |imits,

The argon cool ing gas flow rate through the spent fuel assembl fes while being
handled by the gas cooling grapple Is suffictent to maintain the max{mum
steady-state cladding temperature of a 15 kW fuel assembly below 600°F. In
the event of loss of argon cooling gas, suffictent time exists for the
assembly to be transferred back to & Ne=filled CCP in the spent fuel tfrancfer
station within the FHC before the fuel cledding reaches 1500°F.

Adequate cooling of & spent fuel assembly suspended from the cool Ing grapple
is meintained by the following means:

1) The greppl!e blowers are redundant to protect against loss of cool Ing
capabliity by fallure of one blower.

2) Eeach blower will be tested before beginning FHC spent fuel shipping
operations to ensure t+s operabllity.

Evaluation of the loss of power for cooling systems for fuel essemb| fes In the
FHC shows that the consequences are acceptable. In the event of loss of
normal offsite power, operation of the cool Ing blowers would stop and the
temperature of & suspended fuel assembly would rise. The loss of power would
also prevent movement of the FHC in-ce!l crane to return the assembly fo @
sodium=f11led CCP. The extent of the temperature rise would depend on the

3
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decay power of the sssembly snd the duretion of the power loss. During normal
operations with the maximum powered 6~kWt fue! assembly, there would be asbout
33 minutes before the pesk cladding tempereture would reach 1500°F., If normal
power were not restored before the temperature |imit was reached, it Is
assumed that fissfon products would be released Into the FHC. They would
normally be retained within the FHC, however, because the ergon circulation
system and supporting heat removal systems (supplied with electrical power
from an onsite diesel generator), would continue operating and maintaln the
FHC atmosphere at a negative pressure relative to the surrounding cells, In
the uniikely event of fallure of the diesel! generator supplying the argon
circuletion system, the FHC pressure would become positive relative to
surrounding areas and fissfon products would leak to the bullding. No cred!t
is taken Ingaccident analysis for the seals of the FHC. This event is
enveloped byitho event discussed In PSAR Section 15.5.2.3.




After removal from the reactor core, the sodium wetted core speclal assembl| fes
ere first brought to the EVST, end ere later transferred Into the FHC. 162 of
these ~ore speclal assemblles simulate fuel essemblies In the core and have
full=flow filters. Some of these assemblles are partially disassembled In the
FHC and made ready for sodium removal performed in the |arge component
cleaning vessel. All other core special assemblies are only Inspected.

Whenever core special assemblles are handled by refuel Ing equipment, they are
sccounted for using the same Inventory control system as "real™ core

assembl les. Before entering end after leaving the reactor core lattice they
sre electromechanically fdentified by the IVIM using fdentification notches
(see 9.1.4.4.2). In the FHC, core essemblies are identiflied and
differentiated both visually and eleciromechanically. The core speclal
assembl les leave the FHC 'n a polyflim wrapped transfer rack. The outer
surface of this polyfiim wrap Is checked for radioactivity Immediately after
sezlIng and leaving the FHC port. The core special assemb| les are transferred
from the FHC to the Large Component Cleaning Vessel (1TCV) located In the RCE
for sodium removal. Cleaned core special assemblles are packaged in
polyethylene bags, loaded Into holding transfer racks, end transferred to 2
stCc-age erea.

The physical difference of identification marks between special and real core
assembl les, the positive ldentification of core assemblles at two locations,
and the radiological monitoring of core special assemblies before cleaning
them ere regarded as sufficlient safeguards to insure that no real fuel

assembl les are mistaken as special ones, end stored In a storage faclility not
designed to recelve them.

The maximum pressures and temperatures of fuel handl ing equipment during
normal operations and off-normal design bas!s events are |isted In Table
9.1=2B. The values sre within the |imits In the same table.

9.1.4.2 Deleted

9.1.4.3 Satety Aspects of the Sx-Yessel Iransfer Machine (EVIM)

The primary function of the FVTM is to transfer core assemblfes between the
reactor, EVST, new fuel unloading station, and FHC. The EVTM is designed to
handle both new and {rradieted core assemblles In sodfum-filled CCP's and bare
new core assemblles, The EVTM has the following capabliities:

1) Grepple and release core assemblfes, CCPs, and port plugs
2) Ralse and lower core assembl les, CCPs and port plugs

3) Provide containment of radifoactive cover ges

4) Malntaln an argon environment

%) Maintain preheat temperature for new core assemblfes

6) Provide up to 20 kw cooling for spent fuel assembl fes

7) Provide radfation shielding




The EVTM is & shlelded, Inerted, single-barrel fuel handling machine. The
EVTM is mounted on a trolley, which, in turn, s positioned on ralls on top of
the gantry. The gantry moves on crane rufls between the Reactor Contalnment
Bullding (RCB) and the Reactor Service Pullding (RSB). The trolley rells ere
perpendicul ar to the gantry ralls, &iiowing complate Indexing of the EVIM.
The EVTM mounted on its gantry 's depicted in Figure 9.1-13,




9.1.4.3.1 Design Bas's

Adequate shielding for redietion protection is provided '~ the design of the
EVTM to meet the radiation protection requiremenis of 10CFR20.

The activity released from & damaged or leaking spent fue! assembly while In
the EYTM Is contained In *he EVTM by proper seal ing or welding of penetrations

and openings. Radioactive |eakage and diffusion through seals are well below
+he |imits specified In 10CFR100.

sufficient coolIng cepacity Is provided tn the EVIM to cool spent fuel
essembl les with up to 20 kw of decay heat in sodlum-f11led CCPs and to ensure
that fuel cladding temperatures do not exceed the values given In Table 9.1-2.

Mechanical damage to fuel essemblies could potentially be ceused by the EVTM
due to dropping of a grappled CCP or new fue! assembly or by tipping over of
the EYTM. Dropping of new fuel assembl les or of CCPs containing new or spent
fuel essemblles is prevented by the design of the grapple speclai-locking
fingers and by suitable interlocks. The EVTM gantry and trolley are designed
with anti=1ift-off restraints and rafl stops to prevent dera!l!ing of the
gentry and trolley under combired normal operating and SSE loads. Mechanical
coll1ston between the EVTM on fts gantry anc other equipment, especially the
control rod drive |ines, IVIM and equipment hatch between the RCB end RSB ere
prevented by 2 combination of stops, Interlocks, and procedures.

1f & selsmic event occurs while the EVIM is mated to a floor valve at the
reactor, or other location, the design |imits the transm!tted structural
loads, such that the reactor head or other mating facility Is not dsnaged.
Motion of the EVTM relative to the mated faciiity Is |imited to prevent
contact with, or damage to a CCP, If 2 CCP happens to pass through the floor
valve or the mating faciiity and the EVTM at the time of the seismic event.
Cover ges release is prevented by maintaining sealing of the EVIM to the
mating facility during @ seismic event.

9.1.4.3.2 Design Description

Axlal and radial shielding Is provided tn the EVTM to |'mit the dose rate to
less than the criteria given In Sections 12.1.1 and 12.1.2 at the surface of
the cask body. Shielding Is provided over the entire length of the EVTM and
s graduated !n thickness, betng thinnest at the upper end, where the
radiation source from the spend fuel assembly being handled is least.
Approximately 11 in. of lead shielding Is provided at the lower end of the
EVTM.

The pressure boundary of the EVTM is sealed using metallic and el astomer
seals. The metalllic seals ere single seals which serve as backup to two of
the pairs of elastomer seals. There are three types of elastomer seals:
static, dynamic, and inflatable. All of thess seals are provided In redundant
palrs and heve essentially zero |eakage (1.e., leakage is almost entirely due
to permeation through the seal material). The dynamic and Inflatable seals
have slightly larger leskage +han the static seals on 2 comparable basis. All
three types of elastomer seals have a buffer space between seal pairs. The
buffer space for static seals does not depend on the presence of a buffer gas.
Dynamic and Inflatable soati/zre provided continuously with a buffer pressure
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between the double seals. The purpose of this buffer pressure Is for |leak
detectior end Is not roquired to prevent seal leakage, 8l though It would
mitigate an Inner seal leak. The Inflatable seals are the only ones which
depencd on 8 continuous source of electrical power end Infletion ges for
operaticn, In case of loss of offsite power, the seal Inflation system valves
would fa!! open, providing the seals with a continuous source of Inflation gas
from the normal supply system. (The valves sre closed during normai operation
to provide more sensitive seal leak detection.) The gas supply is from two
separate gas bottles and Is Independent of loss of plent gas supply. Because
the supply valves fall open, loss of offsite power would not affect seal
Infletion. The piping &nd valves from the ges botties to the Inflatable seals
are ANS| B31.1, The seal infletion system and controls have been {nvestigated
to ensure that there are no common cause fallures which would disable both
fnner and outer seals.

The EVTM §s hermetically sealed to a refueling station by lowering the closure
valve which mates with a floor valve. The actual sealing at this Interface Is
accompl ished by elastomer double seals, which are perfodically leak checked.

-
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The space between the ciosure valve and the floor valve Is purged by the plant
srgon supply end vent system, through hose connections made after the EVTM has
been mated to & refusling stetion.

When the EVTM is mated to @ floor valve at the reactcr or other location, the
lerge bending moments and shear loads in the combined vertical structure due
t0 & selsmic event are relleved by structurally decoupling the EVIM from the
floor valve at the joint Interface. The Joint between the extender and
closure valve Is designed with two slfding surfaces. One of these cen
experience |Imited horizontal motion it horizontal earthqueke |oceds exceed 2
predetermined value, while retsining Its vertical loed carrying cepabi!ity.
Similarly, the second surface can experience |imited vertical movement during
e selsmic event but retalns horizontal restraint capabiiity. All sifding
Joint surfeces ere sealed against each ot.er to provide cover gas contalnment
under normal and seismic conditions.

Cooling of a CCP within the EVIM is accompl shed by heat transfer to a cold
wall system consisting of an about 8 In., ID sealed cold wall having an array
of axial fins attached to the outside. The cooling concept Is Illustrated In
Figure 9.1=15. Heat from the 3-ft high fueled regfon of the spent fuel
assembly s distributed over the 15-ft length of the CCP by natural convection
of the sodium In the CCP. The heat !s transferred from the surface of the CCP
to the cold wall primarily by thermal radfation and secondarily by conduction
ecross @ stagnant ergon-filled gap. The cold well Is cooled by forced
convection of amblent alr clirculated past the axial cold wall fins. Forced
alr convection !s provided by a blower with the capacity to circulate
sufficlent alr to maintaln fuel cledding temperature to less than the normal
Iimit (see Table 9.1-2). In case of fallure of the blower, or complete loss
of all power, natural convection of alr Is initiated by automatic opening of
butterfly valves Just upstream of the blower. Natural convection alr flow Is
sufficient to maintaln fuel cladding temperature to less than the |imits for
unltkely and extremely unlikely events in Table 9.1-2. The EVIK cold wall is
part of the EVTM contalnment boundary and !s designed and fabricated to

qual ity and Inspection standards corresponding to Safety Class 3 (see Section
3.2).

Instrumentation Is proviJed to ver!ify adequate cool Ing of the EVTM.
Thermocouples are located along the length of the EVIM cold wall and at the
coolIng alr Inlets and outliets. The temperatures measured by these
thermocouples will verify adequacy of cooling.

A cooling system for a CCP during normal transfers to or from the EVTM is not
necessary. Although there s a regfon In the transfer path In which the
effective cooling Is less than needed to prevent fuel essembly heating, the
time spent traversing this regfon Is short enough that heating is
{nsignificant. In the event that a CCP became immob!lfzed In this region,
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sdequate assurance for both en OBE end SSE thet: (a) the compos!te component
will reseat from much greater than maximum enticipated vertical motion; (b!
the clamps wlll prevent disengagement of the extender from the closv o valve;
end (c) the |1p on the ciosure valve will Iimit horizontal motion to one Inch.
The lstter !s more then adequate to prevent contact with or damage fo s CCP
that might be In transit through the plane of the siip joint. The seals
between the extender and the closure valve and between the closure valve and
the floor velve ensure cover gas contalnment under normal end selsmic
conditions.

The EVTM cool Ing capacity of 20 kW Is adequate to provide @ substential mergin
sbove the maximum normal heat load expected, which Is 15 kW. The active
portion of the cool Ing system, *he blcwer, Is capable of providing the
spec!fled cool Ing without exceeding normal temperature |imits. in cese of
fallure of the blower or loss of all AC power, completely passive cooling is
sutomatically provided by natural convection. In this case, cladding
temperature !s malntained to less than the |imit for unllkely events. Tne
peak fuel cladding temperatures, shown In Table 9.1-2A, ere within the |im!ts
given In Table 9.1-2. Therefcre, no damage to the fuel assembly will occur.

The temperature of & ‘uel ossembly In & CCP w!i| iIncrease I1f the CCP becomes
fmmob!| ized during a trensfer to or from the EVTM., The peak fuel cladding
temperatures ere |isted In Teble 9.1-2A for immobi|fization In the EVIM valve
stack sssembl fes (the assembl les beiow the cask body, see Figure 9.1-14) or
the fuel transfer ports for the reactor vessel, EVST, eand FHC. In each case,
the peak temperature s less than the |imits given In Table 9.1-2 for the
frequency class of the event and no radioect!vity will be released from the
fuel assembly.

The des'gn heat removal capabllity of the EVTM has been experimentally
verifled tn EVIM heat removal tests. These tests were planned early In the
CRBRP program; the!r purpose and outline are described 'n Section 1.5.2.7 of
the PSAR.

The tests have been successfully performed, and the test data have been
snalyzed. References 7 and B of Section 1.6 documert test evaluations, test
descriptions, and experimental date. Following the review of test data, the
EVTM heat transfer computer mode! wes mod!fied to consol!dete the model
predictions with the exper Imental data.

The maln conclusion from these tests s that the EVIM has heat fransfer
~apabl| 1ty sdequate to meet Its design cond!tions for both forced and natural
alr convection modes.

A summary of the tasts end major findings Is provided below.
Ewll-Scale Heat Transfer Tests

Ful l=scale tests (Reference 7 of Section 1.6) were performed In & HEDL test
factl ity design to simulate the cool ing systems of the CLEM for the FFTF and

the EVTM for the CRBRP., The fuel assembly was simulated by & full scale,
217-pin, electrically heated "fuel™ bundle In a hexagonal duct. The fuel
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assembly was contained In & sodiumfilled 2ore componant pot (CCP), surrounded
by en inert gas-filled ennulus, and cooled by the concentric cold wali, The
test facility and test article design assured th* accurate extrapolation
could be applfed to test date for elther refueling .achine. Major test
results showed the following:




9.1.4.4.2 Design Description

The steel saleld column of the IYTM hes @ veriable thickness radistion shield
(from 2.75 10 1.5 In. sbove the small roteting plug nozzle) to attenuate gamma
redietion from radioective sodium, The amount of rediosctive sodium that will
be In the upper part of the IVTM's housing Is |imited to the surfece fiim
remaining on the grapple stem after It Is relised from the sodium pool during
tho transfer operations. The active fuel zone of the core assembly which is
under spproximately 9 ft of sodium during trensfer operations, will also
contribute to the external dose rate, but to a lesser degree. There will elso
be a sl ight contribution to the dose rete from the radioective cover gas
inside the annulus between the grappie stem end the shield coiumn,

The IVTM Is sesled to the SRP by 3 elastomer O-ring seais with a buffer reglon
between them. Between each set of seals, & leak detector port Is provided to
enable connection of & sensor for monitoring the seals Integrity before

refuel Ing. This errangement s typical also tor most seal sets thet Involve
dynamic motion, such as the grapple stem and holddown drive shafts, Static
seals or dynamic seals with very small displecements, such as those fur the
tdentitier paw! shaft, sre double, with capabliity for convenient periodic
leak testing by pressurizing the buffer region between the seals. The
effectiveness of the seals does not depend upon presence of a buffer gas.

The IVTM drive mechanism has been designed to exert an upward or downwerd |oed
of 5000 Ib maximum, Incorporated Intc the design Is a pneumatic load control
system and a load cell system thet |imits the loed exerted on a core assembly
to 4300 Ib pull and 3000 Ib push. The load and the grapple vertical position
ere displayed on the IVIM control console. In the event of a loss of
electrical power, & braking system automatically stops the grapple at Its
position at the time of the power fallure. The grapple drive system includes
the capab!iity for menual operation to allow reising or lowering a grappled
core assembly, Repositioning would not be needed for cooling the assembly.
I+ would be immersed 'n sodium and thus passively cooied, whenever handled by
the IVTM. Electric power to the IVTM can be manual ly disconnected at ofther
the IYT™ control console or the substation supplying IVIM power.

The IVTM Is pcsitioned above core assembly locations by rotation of the
reactor rotating plugs. The positions of the plugs are displayed on the IVTM
control console to define the IVTM horizontal position.

The load 'n the pneumatic load controi system will be se?! to provide a normal
push or pull force on a core essembly of 1000 Ib. The pressure of the |oad
control system may be adjusted to provide higher load capabliity up to the
push or pull load |imits,

The design provides for the load to be |imited In two ways.

1. The primary |imitation is provided by the pneumatic load contrel
systam, The pressure In the pneumatic load control cylinders Iimits
the load app!led by the electromechanical actuator 1o the driven core
assembly. When the core assembly Insertion resistance load exceeds
the pressure setting In the system, the core assembly stops moving,
but the electromechanical actuator continues driving the pistons for
sbout 0.25 inches. This differential travel trips a set of |imit




I I

switches which sutomatically stop the electromechanicel drive., Self-
cointeined hydraul Ic dashpots prevent sudden sctustor movements due to
sudden changes of the frictional resistance at the loed.

2. Load cells sre used as backup to the pneumatic system to shut of f the
electromechanical drive when the preset loced |!mits are exceeded.

Actustion of the grapple fingers for pickup or release of & core assembly Is
possible only when all the grapple finger actuation Interlocks have been
satisfled, the grepple !s pushing on the core essembly (1.e., core essembly is
fn full down position), end the load control |imit switches that shut off the
electromechanical drive are t: Ipped.
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released from the IVTM does not exceed the |imits set forth In Sections 12.1.1
end 12.1.2. Leak detectors will be used to continuously monitor the
effectiveness of the dynamic seals. Perlodic leak checks will be carried out
for the stetic seals. In addition, the RCB wil| have radicactivity mon'tors
40 detect sccidental releases and sound alarms

The drive mechanism and grappie design, together with loed cuntrols, Iimit
switches, end Interlocks will prevent exertion of sxcessive forces on core
assembl| les, unscheduled vertical movement of the grapple or disengagement of
the grapple fingers except In the full-down position of the grapple. Limit
switches and interlocks (see Section 7.6.2) will also prevent [nadvertent
rotetion uf the reactor plugs. The extremely unlikely accident of & fuel
assembly dropped from the IVTM is discussed In Section 15.5.2.1.

The combination of position Interiock switches and the switches of the ioed
control system In conjunction with the design of the discriminator post and
matching receptacle ensures proper seating of core assemblfes. The fuel end
{nner blanket assemblles are divided Into 8 groups, each having & different
configuration of discrimination post Inner and outer diameters fitting into
corresponding receptecies. This ensures that a fuel essembly of one group can
only 1t Into {ts corresponding receptacie, see also Section 4.2.1.2.3.

The IVTM grapple and holddown sleeve, when positioned for pickup of a core
assembly, partially cover core assembly cutlets, reducing coolent flow Through
affected assemblles. The calculeted minimum flow area to ensure 2 negligible
Incroasg in fuel assemSly outlet temperature during refuel ing conditions is
1.2 In.“, The 1.6-In.4 grappled essembly flow srea provided by the actual
grapple provides for adequate coolant flow through the assembly. A

substant!ally greater flow area is maintained for assemblies affect.d by the
simple cyl Inder of the holddown sleeve.

Core assembly fdentification by the IVTM fdentification and orientation system
prior to core assembly Insertion into the core, and the position Indicator

system of the reactor rotating plug, will ensure core assembly insertion into
a correct core location,

If, however, & core assembly |s erronecutly Inserted Into & core location
belonging to another core assembly group, the core assembly discriminator post
will bottom against the top of the receptabie, thus resulting In an Improper
seating. The length of the core assembly discrimination post Is sufficient to
preclude tripping of the grapple finger actuation Interliock switches, thereby
preventing core assembly release even though the preset force of the |oad
control system has been exceeded. This condition and the IVTM grapple
position Indication system signa! w!i| warn the operator to inftjate 2
corrective action,

jmmediately after core sssembly removal from the core, the IVTM fdentification
system fdent!ifies the core assembly serial number. In the automatic control
mode, this serlal number Is com ered by the control system with the serial
number designated by the refueling program that must be In that particular
core location, thus ensuring that the correct core assembly is removed from
the core. In the manual control mode, the operator compares the calculated
serial number to the ser!al number designated In the refuaiing plan.

g.1-53
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If, however, & core assembly Is erronecusiy removed from the core, the serial
number discrepancy will warn the operator fo return the core essembly futo the
core position last serviced end to Inltiate & corrective action,




provide 8 second, redundant loed path from the handl Ing ball to the poler
crane hook. When not in use, the AMM 1s stored at & perking station located
{n the northeast quadrant of the butiding.

The pearking station is designed for the SSE selsmic loads which are carried
into the RCB structure.

In the event of & loss of electric power, & breking system sutomatically stops
the grapple et its position at the time of power fallure,

Eluctric power to the AHM can be manually disconnected at el ther the AHM
console or the substation supplying the floor service station from which the
AHM 1s being supplled.

The vertical position of the AHM grepple s displeyed on the AHM control
consol e.

When the AHM Is In position at the reactor, only the extender mating fienge is
resting on the floor valve, which In turn !s supported from the smal | roteting
plug (SRP) by en adeptor. If the two components were firmly sttached to each
other, the resulting combined structure, In effect, would represent a tall,
verticel cantilever rising from the SRP, attached at Its upper end to the
polar crane. The large bending moments and shear joads In this combined
structure, resulting from hor zontal excitetion due to en OBE or SSE, ere

rel leved by structurally decoup! Ing the AHM from the floor valve et the
extender/floor vaive joint interface. At @ predetermined hor izontal ground
scceleration, complete severance of the AHM from the floor valve ("breakaway”™
concept) el Iminates the cantilever beam ef fect and significantly reduces el
seismic loads.

The Join* between |ower extender fiange and floor valve is designed with shear
ptns which fall upon reaching a predetermined hor izontal load. This enables
the AHM to separate from the floor valve during a seismic event. The design
Incorporates a pneumatic reservolr which Initiate ralsing of the AHM extender
fol lowing the shearing-off of the shear pins. The aciuators can ralse the
extender v apout 3 Inches in less time than 1+ takes for the extender to
clear the finor velve during the hor 1zontal movement due to en OBE o~ SSE.

9.1.4.5.3 Safety Evaluation

The radlial and axial shielcing provided by the AHM |imits the Integrated dose
to personnui to less than the maximum ol lowable dose rate during the

instal lation or removal of the components handled by the AHM, As with the
EVTM (see 9.1.4.3) the radietion source tn the machine is Intermittent and
short term,

The AHM hes adequate seals to prevent radloactive emissions to the RCB
operating floor. Radloactivity relessed does not exceed the |imits as set
forth tn Sections 12.1.1 end 12.7.2.




The design of the grepple release mechanism, Interiocks, and the redundancy of
chalins will 1imit the potential for dropping grepple loads. The Interiocks
are similar to those of the EVTM, and similar to those discussed in Section
7.6.2. The structural support and restraint of the AHM storage facility, and
the rigging of the AHM when attached to the poler crane prevent toppling or
dropping of the AHM due to an SSE or other |oads.
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In. dlameter opening. The Incrossed thickness of the EVTM floor valve in
redial and exlal direction provide the additional shielding required for the
much higher radiation source which passes through an EVTM flicor valve (spent
fuel assembly) compared to an AMM floor valve (IVTM port plug).

The stepped upper and lower steel plates of the floor valves, concentric to
the valve port, (see Figure 9.1-18) prevent diffusion and radiation streaming
through the minimal mating surfece gaps. These design features |imit the
trensient dose rate at the surface to less than 200 mrem/hr durf.g trensfer of
radfoactive comporents, and 5 mrem/hr when closed over the reactor ports.

The floor valve !s sealed to the fuel fransfer rort adaptor by double seals,
and bolted to the adaptor flange. The movable circular disk which closes of f
the port opening In the valves s also sealed by double seals.

The rotor driveshaft is sealed by dynamic seals. All seals are double
buffered and of elastomer material, The discussion of EVIM el astomer seals in
Section 9.1.4.3.2 s applicable to the floor valve seais also.

The position of the floor valve gate (open or closed) Is dispieyed on the
floor valve control panel and, If the EVIM {s -~ated to the floor valve, on the
EVTm contro! console.

9.1.4.6.3 Jafety Evaluation

The radial shielding |imits the dose rate on the floor valve surface to less
than the criteria In Sections 12.1.1 and 12.1.2 during transfer of the highest
powered spent fuel assembly (for the EVTM floor valve). The floor vaive Is
considered a pfece of equipment whose main function is to permit transfer of
radioactive components, both fueled and non-fueled, between a machine and a
fac!lity. The radiation source Is transient and short term (less than 1 min
per transfer) In nature. Hence, It results In a low Integrated dose.

Another function of the floor valves s 1¢ provide axial shielding to replace
that normally provided by the port plugs. 7“3 axial shielding |imits the dose
rate to personnel to 5 mrem/hr when placrzd over a reactor port and to

0.2 mrem/hr when placed over EVST or FH(. ports. Personnel cannot recelve a
direct axial dose because of the large 'lameter of the floor valve. In
addition, the valve is zovered by a mat.ng machine much of the time. In all
cases, sufficlent axi2i and radlal shielding tor the EVIM and AHM floor va.ves
{s prosided to |imit the !ntegrated dose to less than 125 mrem/quarter, and
dose rates to the zone criteria of Section 12.1,

The i!oor valve has adequate seals to prevent excessive radicactive release to
the RCE and RSB operating floors. Accldental cover gas release through
{nadvertent opening of & floor valve I'n the absence of a mating fuel handling
pachine (EVTM, AHM) on top of the floor valve Is prevented by Interlocks. One
tnterlock prevents energizing the valve operating motor unless a mating
machine Is on top of the floor valve. (Electrical power to the floor valve
motor |s supplied by connection to the mating machine.) Other Interiocks
prevent (1) depressurizing the buffer gas zone, and (2) ralsing the closure
valve extender, unless both the closure valve and the flcor valve are In thelr
closed positions,
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As discussed In Section 15.5.2.4, an uniikely accident releasing radicective
cover gas from the reactor leads to @ site boundery dose well below the
guidel ine value of 100FR20,

9.1.4.7 ZSafety Aspects of the Reactor Fuel Trensfer Port Adaptor and Fuel
Iransport Port Cooling Inserts

The reactor fuel transfer port adaptor (see Figure 9.1-19) Is positioned on
top of the reactor fue! transfer port and extends from the reactor head to the
bottom of the floor valve which is located at the elevation of the RCB
operating floor. |t sei'ves as an extension of the reactor cover gas
containment and provides shielding when Irradiated core assemblles are removed
from the reactor. The acaptor also guides cooling alr from an alr blower to a
cool 'ng Insert Inside and below the adaptor.

The function of the cooling Inserts lccated around the EVST and FHC fuel
transfer ports as well as the reactor port (see Figure 9.1=19), Is to remove
decay heat should an irradiated core assembly in a sodium=f1|led CCP become
immob!|ized In a fuel transfer port during transfer between the reactor
vessel, EVST or FHC and the EVTM,

9.1.4.7.1 Design Basls

The design bases for shielding and radioactive release of the fuel transfer
port adaptor are the same as for the EVIM (see 9.1.4.3.1)., The reactor, EVST,
and FHC fuel trensfer port cooling inserts have the capacity to remove decay
heat from 20 KW irradiated core assemblies in sodium-filled CCPs to prevent
exceeding the 1500°F spent fuel cladding temperature |imi+ speciflied for
unifkely or extremely unlikely events (Table 9,1-2),

9.1.4.7.2 Design Description

The reactor fuel transfer port adaptor extends from the upper surface of the
fuel transfer port In the reactor head to the operating floor, see Figure
9.1-19. The upper surface of the reactor fuel transfer port adaptor consists
of a2 flange to which Is bolted to the flange of the cooling Insert. Shielding
Is provided by a thick, annular lead cylinder surrounding the adaptor cover
gas conta'nment tube over its entire length to |imit the dose rate at the
shield surface to less than the |Imits given In Sections 12.1.1 and 12.1.2.

The lower part of the adaptor Is bolted to the rgactor head permanently, whiie
the upper part Is Installed, duringarefuel fng(@nl

The reactor fuel transfer port coolling Insert extends from the top flange of
the adaptor to the fuel transfer port nozzle. The cooling insert uses a cold
wall cooling concept, simiiar to the EVIM. The CCP contalning a spent fuel
assembly is cooled by thermal radiation and conduction across the argon gas
gop to the cold wall which forms the confinement barrier for the reactor cover
ges. Amblent alr Is blown down the outside arnulus of the cooling lnsert, ard
discharges Into the reactor head access area. Alr flow from the blower is
adequate to |imit the cladding temperature of a 20 KW fuel assembly to less
than 1500°F. The-mocouples are attached at two places (near the cooling alr
outiet and near the seals) on the reactor fuel transfer port adapter cooling
fnsert. The thermocoinles Indicate the need for coolling and wiil ver!fy
adequacy of coolling it the adapter blower Is in operation.
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The EVST adapter contains a thermocouple on its Inner wall to serve the same
function es the reactor fuel trensfer port adapter thermocouples. The FHC
spent fuel transier port does not contain {nstrumentation. The decay powers
of core assembl les transferred are lower then for the other ports.

The cool ing Insert is sealed to the rotating gulde tube and the EVTM floor
valve to form a continuous reactor cover gas pressure boundary through the
adapter durling refueling. SealIng to the rotating guide tube is by three
static elastomer seals with a continuously monitored buffer regton between the
center seal and each outboard seal. Seal ing to the floor valve ts by two sets
of double static alasiomer seals for which the floor valve provides the

seal Ing surface. The buffer reglon of each seal palr 1s continuously
monltored to detect @ loss of seal Integrity.



9.1.4.7.3 ZSafety Evaluation

The trensient dose rate from the highest powered spent fuel assembly s less
than the criterls In Sections 12.1.1 end 12.1.2 ot the surface of the adeptor
body. This significant dose rete exists only during the short time (2 few
minutes) when & spent fuel assembly travels through the adaptor and floor
valve Into the EVTM. The closest location where personnel can be exposed to
the radiation source !s more than 10 ft, from the adaptor surface for normal
operation, end more than 2 f+, from Infrequent maintenance operations. Bo'h
locations are on the RCB operating floor, sbove the adaptor. Therefore,
Integrated exposures sre |ow.

Cool Ing of spent core assemblles In the reactor or EVST fuel fransfer port Is
asdequate to maintaln the assembly cladding temperature below the 1250°F 1imit
for normal operations and anticipated events. ODuring normal operations, the
transit time of the core assembly through the port is short (a2 few minutes) so
that there is no significant heatup. In the event that an assembly becomes
immob!|ized In the port, design provisions to maintalin the cladding
temperature below 1250°F w!l| be used. If Immob!|ization of an assembly Is
the result of & mechanical fallure of the EVTM grapple drive system, the
backup cool Ing system for the port may be turned on *o provide the necessary
cocling, |f immobflization Is the result of & loss of power (which would also
disubie the backup cooling system), the EVIM grapple drive system may be
operated manually to ralse or lower the core assembly to a location (EVIM or
sodlum pooi) where adequate passive cooling Is provided to maintain the
cladding temperature within the 1250°F |imit. However, those operator actions
are requlired onlv to malntain fuel temperatures within normal limits. In the
unl fkely evert that a core assembly becomes Immob!|ized !'n the port for 2
longer time by coincident drive system mechanical faliure and loss of power or
fallure of the operator to respond to this condition the cladding temperature
would exceed 1250°F but would remalin below the 1500°F |imit for unlikely and
extremely unlikely events.

The seals of the reactor fuel transfer port cooling Insert sre adequate to
prevent excessive radioactive release due to cover gas |eakage Into the RCB
from the reactor fuel transfer port adapter portion of the equipment stackup
at the port. Radloactivity released from the cooling Insert does not exceed
the |imits set forth In Sections 12.1.1 and 12.1.2. The pressure In the seazl
buffer regions Is continuously monitored to ensure continued seai integrity.
In the unltkely immob'lized fuel assembly event seal temperatures Increase but
remaln below the seal |imit., One of the sets of cooling Insert=to-floor vaive
seals !s In a cooler region than the other set and serves as a backup to the
{nboard pailr.

9.'.‘.8 W

"The Integrity of the SFSC design will ensure sufficient margins to meet all
requirements stipulated In the applicable ~egulations, especialiy 10 CFR 71,
The shipping cask s discussed In this section only to the extent that
conditlons to which It Is subjected Inside the RSB are potentially more severe
than those design conditions specified In 10 CFR 71.




Reguletion 10 CFR 71, paragraph 71.36, states that the cask design shall
withstand a hypothetical sccident characterized by @ 30-ft drop onto a flet,
essentially unylelding, horizontsl surface without exceeding a spec!flied
reduction In shieldi~g and containment of radloactive material. The LMFBR
spent fuel shipping cask will be designed to withstand, with no release of
radiocectivity, @ maximum deceleration of 123 g 1f dropped 30 tt onto an
unylalding surface. The largest height for & potential SFSC drop in the CRBRP
s the 72-ft vertical ¢!stance of the SFSC hend! ing shaft.
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the integrated dose at the same level as the remainder of the reactor head
(see Chapter 5.2.1.3).

Activity in the reactor cover gas s contalned by plug and cap seals during
reactor operation and by adapter and floor valve seals during refueling.
Under all conditions, radfoective |eakage and diffusion through seals asre In
conformance with the |imits |Isted In Chapter 5.2.1.3.

Mechanical damage to core assemblies Is prevented by control Inter|ocks
governing RGT pos'tioning during refueling and the RGT cap locking the RGT In
place during reactor operation.

9.1.4.9.2 Design Description

The shield plug Is so designed as to |imit the total radiation dose rate at
the upper end of the RGT to less than 2.0 mr/hr at a distance of 3 feet from
the closest accessibie surface.

Hermetic sealing Is provided by both plug seals and seals In the RGT cap. A
means to purge the cap-plug Interface volume before removal of the cap Is also
provided. The pressure boundary consists of metalllc seals between the RGT
and the reactor fuel transfer port nozzle, elastomer seals for the RGT drive
shaftts (static during reactor operation, dynamic during RGT movement for
refueling), and static elastomer seals In the RGT gear housing which seal to
the RGT cap during reactor operation and are not part of the pressure boundary
durtng refuel Ing. The RGT s sealed to the reactor fuel transfer port adapter
cooling Insert during refueling as described In Section 9.1.4.7.2. All RGT
seals are double wit, a pressurized, cont!nuously monitored buffer region
between each palr of seals. The buffer region pressure !s for |eak detection
and 1s not necessary for seal effectiveness.

Control log'c Interlocks preven’ Improper sequences of core assemb!y=RGT
movement whenever the RGT is In use. During reactor operation, the RGT end
cap locks the RGT fn position and prevents all tube movement. Also, no
electrical power is provided 1o the RGT during reactor operation.

9.1.4.9.3 ZJafety Evalyation

The RGT, RGT plug, and RGT cap are so designed that refuel Ing and/or operating
personnel will never rece!ve a total dose greater than 125 mrem/quarter.
(Actual allowed dose and |eakage levels are shown In Chapter 5.2.1.3.)

Double seals and a capabliity of purging the cap-plug Interface volume ensure
that gaseous radioisotope |eakage from all sources to the head area wil | never
cause a dose rate In excess of that given In Section 12,

Control interlocks are designed to prevent mechanical damage to core
sssembl fes contained !n core component pots (CCP) and reactor components by
preventing the following actions:
1) Inadvertent attempt to Insert an assembly In an occupled location.
2) Motion of the RGT with a CCP or grapple extending below the base of
the RGT.
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3) Any motion of the RGT during reactor operation,

4) Positioning of the RGT over any pos!tion except one of the
storage/transfer locetions,
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1. EHC Normal Fuel Handling

In & typical spent fuel hendl ing sequence, a spent fuel assembly in & core
component pot !s lowered through the fuel transfer port (see Figure 9.1-7) by
the EVTM, Into the spent fuel fransfer station directly below the port., A
lazy susan assembly, with three transfer positions supported by & stainless
steel gridwork, provides the stornge locations., Each position holds one fuel
essombly, In @ sodium=filled core component pot. Decay heat |s ramcved by
natural convection to the FHC atmosphere.

The spent fuel assembly is removed from the core component pot by the in-cell
crane, using & gas-cooling grapple, end allowed to drip dry. |f for some
reason not {dentified as & part of normal procedures, it |s deemed necessary
to remove 2 sodlum fiim from the exterior surfaces, the exterior surfaces will
be wiped with alcohol wetted swabs.

Then the spent fuel assembly s lowered into the spent fuel shipping cesk
located In a shaft below the cell floor. The sequence is repeated for the
number of assemblies necessary to fil| the shipping cask. The above functions
within the FHC are performed remotely by operators In the adjacent operating
gallery, and can be observed through the viewing windows.

Normal core assembly handling operations in the FHC are conducted w!'th
assembl les having a decay haat of 6 kN or less. !nfrequently, It may be

necessary to (1) examine a fuel €BB=~4i-Pgr—4-46=1. In this event a single
assembly may be handled In the FHC with a decay heat not to exceed 15 kW.

2. Spent Fuel Examination

Spent fuel examination In the FHC is |Imited to Inspecting the exterior
surfaces of fuel assemblies to determine thelr geometrical condition before

loading Into the spent fuel shipping cask. Spent fuel assemblies will not be
disassembled or sectioned iIn the FHC.

It is planned that only & few selected spent fuel assemblles will be examined,
after the plant operation has reached its equilibrium. During the first few
refuel Ings, 1t Is expected that more spent fuel assembl ies may be inspected.

The extent of the spent fuel examination covers the following operations, all
of which w!l| be performed In the fuel examination fixture:

1) Visual inspection of all exterior surfaces

2) Determination of axla! and radial dilation of fuel assembly by
measuring Its lengih and distences across flats

3) Measurement of the fuel assembly bow




Radioactive relesses eand con*amination from spent fuel assemblles that are
being prepared for shipment in the FHC are contained within the FHC by proper
seal ing or closure welding of penetrations. Radicective |eakage and diffusion
through seals, in the unlikely event of release of the entire fission gas
irventory of a fuel assembly, are |imited to well below the criteria of
10CFR100.

Criticality of fuel assemblles In the spent fuel transfer station In the FHC
is not possible because only three fue! assembly locations are prov!ded.

The spent fuel transfer station design considers all normal lcadings In
combination with the loads from an SSE In maintaining the necesssry physical
separation, The FHC roof closure Is designed to absorb the load of the
heaviest equipment handled by the RSB bridge crane over the FHC: (a) for the
maln hook, lowered at the maximum crane speed (5 fpm), end (b) for the
auxilfary hook, accidentelly dropping from the maximum hendl Ing hefght to
which It Is ralsed, onto the center of the roof closure without af fecting the
Integrity of the fuel separation lattice. The FHC Is locatec such that heavy

equirment not belonging to the fuel handling and storage system is not carrled
ove. it by the RSB bridge crane.

The spent fuel transfer station within the FHC !s designed so that movement of
the |azy susan w!ll not occur while a CCP Is being Inserted or withdrawn.
This design condition prevents mechanical damage to the CCP or Its contents.

Monftoring Instrumentation is provided for the FHC for cond!tions that might

result in a loss of the capabllity to remove decay heat, and to detect
excessive radlation levels.

9.1.4.10.2 Design Description

The top of the FHC Is located at the operating floor of the RSB, as shown in
Figure 9.1-7. Sufficlent shielding Is provided so that the radiation |evel
above the FHC does not exceed the radiation Zone | criteria, see Section 12.1.
This shielding Is provided by the cell's roof closure assembly, a |oad-bearing
structure which Is part of the RSB operating floor. The FHC side wall facing
the operating gallery Is shielded by high density concrete to protect the
operating gallery against radiation dose rates exceeding the radiation Zone |
criterfa. The other walls and the floor are shielded by conventional concrete
to protect the nelghboring vaults and the spent fuel shipping cask handl ing
corridor agalnst radifation, see Section 12.1. All windows, and port
penetrations through the roof, walls, and floor are stepped to |imit radiation
streaming In the gaps. The maln source of radiation In the FHC !s spert fuel
assembl fes In the spent fuel transfer station.

The pressure boundary of the FHC !s sealed using weided seams and elastomer
seals. There are three types of elastomer seals used: static, dynamic, and
Inflatable. All of these seals are provided In redundant palrs and have
essentially zero leakage (!.e., leakage !s almost entirely due to permeation
through vhe seal materfal). The dynamic and Inflatable seals have siightly
larger |eakage than the static seals on a comparable basis. All three types
of elastomer seals have a buffer space between seal palrs. The buffer space
for static seals Is used for perlodic leak testing. Effectiveness of the
seals does not deperd on presence of a buffer gas. Dynamic and Inflatable
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seals ars provided continuously with a buffer pressure between the double
seals. This pressure Is monitored continuously for leak detection and Is not
required to prevent seai |eakage, although It would mitigate an Inner seal
leak. The Inflatable seals are the only ones which depend on & continuous
source of electricel power and Infletion gas for operation. In case of loss
of offsite power or gas supply, the seal Inflation system valves would fall
open, providing the seals with a continuous source of Inflation ges pressure,
(The valves are closed during normal operation to provide more seasitive seal
leak detection.) Since the supply valves fall open, loss of offsite power
would not affect seal Inflation,
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The |iner seams on the cell interior walls, roof and floor, and welded
penetrations through the FHC walls, roof, and floor ere alpha-tight welded and
Inspected. Fuel fransfer ports, the 28-in. melntenance f!oor valve, window
seals, utility penetratons, and slave manipul stor penetrations ezch have
double, static elastomeric seals., The 28-In., malntenance port FWDR valve
8lso has double, dynamic e!astomeric seals. Sealed cover gl asses are provided
on the Inferior side of the window penetrations.

The 28-in, maintenance port floor valve and equipment transfer drawer are
sealed by double Inflatable seals. The floor valve Inflatatle seals are
active only during periods of valve use. At other times the malntenance por+t
Is sealed by & plug with double static seals. The equipment transfer drawer
inflatable seals are on the closure doors on each side of the penetration and
are pressurized except when a doo- |s open.

The spent fuel transfer station within the FHC Is shown In Figure 9.1-8., A
maximum of 3 spent fuel assemblles In CCPs can be stored In this Interim
storage; however, In normal operation, a maximum of 2 fuel assemblles w!ll be
stored (1 storage position left empty). The storage positions within the
transfer station consist of shc-t, tapered, cylindrical Inserts at the bottom,
the middle, and the top of a substantial supporting steel grid structure.

Each CCP Is held In place bv the three cylindrical sections. The center-to~
center distance of the three storage positions is about 25 in. Each position
can hold only one spent fuel assembly In a CCP.

During loading of the spent fuel shipping cask (SFSC), & cask-F!C seal
assembly forms a gas-tight extension of the FHC contalnment to +1.e cask
fnterfor. The SFSC !s, therefore, connected to the FHC atmosphere and !s
separated from the alr atmosphere of the cask corridor.

The FHC roof closure assembly consists of a large north closure plug (21=ft by
18.5-1t) and a smaller south closure plug (8-ft by 18.5-ft), both joined by a
cross beam assembly,

The two closure plugs are composite structures consisting of 34.5-in, thick
refnforced concrete, enclosed on four s!dec by a steel |iner, and resting on
five 8.5-In., thick steel shield plates. The entire 43-1in. thick compos!te
structure provides sufficlent radiation shielding and 1s designed to support
normal structural loads as well as the accidental Impact |oads given in the
design bases,

The heaviest load carrled over the FHC roof Is the EVIM floor valve (9 tons),
The 11ft+ helght of the EVTM floor valve Is |imited to 2 f+. by administrative
centrols. A!l heavy malintenance equipment Is transported by the Large
Component Transporter (LCT) between the RSB and RCB. Maintenance equ!pment
welighing more than 25 tons and the LCT itself are handled only by the double




reeved main hook of the RSB bridge crene. (nly maintenance equ!pment welighing
less than 25 tons may be handled by the singie reeved aux!|iary hook., A loced
dropped from the aux!|lery crene could impact the LCT when it Is stetioned
above the FHC roof. Most or all of the Impact energy would be absorbed dy the
LCT. Selsmic restraints prevent equipment icaded on top of the LCT from

topp! Ing onto the RSB operating floor or FKT roof during an earthquake.

Normal operating procedures require |srge maintenance loads to be fastened to
the LCT selsmic restraints before disconnecting them from the RSE bridge
crane.
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TABLE 9.1-2A

SPENT FUEL ASSEMBLY CLADDING TEMPERATURES

(Sheet 1 of 2)

Location of
Fuel Assambly

Peak Fuel
Assembly Cladding
Temper ature (°F)

Frequency
Cless

CCP in EVST srorage location
20 kW Assembly

Normal operation

Natural convection |oop
cool Ing

CCP In FHC (15-kWt assembly)

Argm circulation system
operative

Argon circulation system
Inoperative

CCP In FHC (6kW assembly)
ACS operative
ACS Inoperative

CCP In EVIM cold wall
20 kW Assembly

Cold wall blower on
Cold wall blower off

< 30 min.,
> 30 min.

CCP fmmobi|ized In EVIM stack
sssembly (sssembl| fes below
the cask body assembly, see
Figure S.1-14)

20 kW Asserbly

< 30 min,
> 30 min.

&1 (e wl)
L3 1) (eod weol)

Normal

Unlfkely

Unl tkely 10601’

Extremely 1265
Unlfkely

Normal

Unl Tkely

Anticipatec
Unlfkely

Anticipated
Unltkely

q.l=-b%s
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TABLE 9.1-2A

SPENT FUEL ASSEMBLY CLADDING TEMPERATURES

(Sheet 2 of 2)

Peak Fuel
Location of Frequency Assembly Cladding
Fuel Assembly Cless Temperature (°F)
CCP immob!lized In reactor fuel
tranczfer port
20 kW Assembly
Blower on
< 30 min, Anticipated 950
> 30 min, Unltkely 14441
Blower off (< 30 min,)(2) Anticinated 970
Blower off (> 30 min,) txtremely Unlikely 1482
CCP immcobtlized in EVST
fuel transfer port
20 kW Assembly
Biower on
< 30 min, Anticipated <1250 =9
> 30 min, Unltkely 1389( 1)
Blower off (< 30 min,)(2) Anticloated <1250
Blower off (> 30 m'n.) Extremery unl fkely 1482
CCP immobi|fzed In FHC spent
fuel transfer port
15 kW Assembly
Blower on
< 30 min. Anticlpated <1225 €
> 30 min. Unlfkely 1249 1)
Blower off (< 30 min,)(2) Anticipated 1225
Blower off (> 30 min,) Extremely Unlikely 1275 Cahesd

(1) Steady-state temperature

(2) For a stopped CCP with the fuel transfer port blower inoperative, the
operator is required to take action as described In PSAR Section 2.1.4.3.2

within 30 minutes to ralse or lower the CCP.

-

q.1-b%b
25




TABLE 9.1-28
TEMPERATURE AND PRESSURES FOR FUEL HANDL ING EQU:PMENT

Maximum Calcul ated Yaiues
Design for Normal Operations and
Limits Off-Normal Design Events
Pres. Temperature Pressure Temper ature
(Psig) (°F) (Psig) (°F)
Normal Off Norm. Normal Off Normal

773 10" NG 535 625°
(off normal)

435 i 435°

FHC : 225 185°

Inflatable Seals 250 2500"*

EVST Cool Ing Sleeve 500 500°
Seals

EVST Port Plug
Seals

EVTM Static Seais

RFTP Seals

FHC Static Seals

;% Closure valve and floor valve transfer of a 20KN assembly could ralse the
seal temperature to 150°F,

#% Closure valve and floor valve steady state (more then 12 hoursQO 270°F,
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Resign Basis

The Piping and Equipment Electrical Heating and
Control SBystenm provides the electrical heaters,
electrical heater mounting hardware, heater power
controllers, related temperature measuring and
controlling instrumentation, and equipment required

to heat the following sodium containing systems and

components:

Reactor Enclosure +*

Reactor Refueling (Storage Tank)

Reactor Heat Transport (Primary and Intermediate)

Systems

Steam Generation System (Dump Tanks and Sodium Water
Reaction Products Tanks)

Auxiliary Liquid Metal System

Inert Gas Receiving and Processing System

Sodium Impurity Monitoring System

This heat is required to preheat those sodium procecs

Systems prior to fill, to Prevent sodium freezing

wvhen systems heat sources such 88 reactor decay heat

and pumping heat becomes insufficient, and to

maintain pre-established temperature differences in

*The trace heating system which
control rod drive lines
Section 5.2.1.6,.

services the reactor vessel head,
, and vessel support area is discussed in




the systenm.

Yo perform the dry heat-up function, the electrical
heating system shall be capable of preheating the
sodium process systems from ambjient temperature to
any temperature between ambient and a maximum of
approximately 4500F before the system is filled with
sodium. The heating requirements for each trace
heated compcnent in the above systems will be

determined by the particular sodium process system.

The electrical lLeating system shall also be capable

of providing the applicable heatup rate for the
particular system or components when filled with
sodium and of holding rrocess system temperatures
when filled with sodium. Heat provided by this
system can be used to melt frozen sodium in piping or
components. Preezi'y ‘f sodium in major systems or

components is consicered unlikely and is an abnormal

event.

The temperatures of all measured points shall be

indicated lccally and in the Main Control Room. The

thermocouple used for monitoring shall be separate




from the thermocouple used for concreol.

Thermocouples leads as a matter of good design
practice shall use different paths from heater powel
conductors. The electrical heating, temperature
monitoring, «nd temperature control lines are all
non-safety related. As such, the electrical heating,
monitoring, and control lines shall be separated from

all Class 1E lines per IEEE std. 384-198l.

All piping and equipment in inaccessible areas shall
be provided with spare heaters and thermocouples.
The spares shall be accessible in a junction box in a
man-gafe location. All heater circuits shall be

provided with ground fault protection. All

instruments and controls shall be testabie in place.

All components of the Piping and Equipment Electrical
Feating and Control System shall remain operaticnal
for an OBE (i.e., qualified Seismic Category II). 1In
addition, no component of this system shall, as a
result of an S8SE, impact in any way the performance
of the safety function of the piping and equipment
heated by this system. The heaters and thermoccuples

shal! withstand the vibration forces of the



9".:

components to which they are attached without failure

or impact on any safety related function.

The heater physical mounting arrangement and the
electrical protection of the heater circuitry shall
be designed to preclude damage to the components
being heated. The Piping and Equipment Heating and
Contro! System has been designed and applied such
that it is not a system which is important to safety.
Satety related components which require the
application of heat from the Piping and Equipment
Electrrical Eeating and Control System have also been
designated such that any combination of failures,
single or gross, of the non-safety related Trace
Heating System will not compromise the safety related
function of the equipment. (e.g., cover gas equalization lines,
overflow heat exchangers, ex-vessel storage tank).

Syatem Description

The electrical heating and control system provides

pover to the tubular heaters or mineral insulated
(Mi) hezting cable mounted on the piping and/or

components of the systems indicated in Section 9.4.1

the lwahom of Hhorno congles and bars o omprancts and pepny shal e s

“‘u w\h,lﬁ Pl’* Mt‘hhuj w.h'.b .c‘- 1ASEY e Vu'-\of
s aat o-‘d’n( o ru.—ld )

- ——




————— e

The hcat rates, requir~y by different components are

controlled by using Sherwciouples to monitor piping

and component temperrtures and to adjust the power

supplied to .he heaters by means of three mode

proportional temperature controllers and solid state

relays.

Alarm is provided to the Main Control Room in the

event of the Iv¢ilowing:

1)
2)
3)
4)
5)
6)
7)

Setpoint Deviation (Control thermocouple compare’ to tempordiuxe
setpoint)

High Temperature (Monitor thermocouple ccmpar:: te a high

or low temperature setpoint:
Low Temperature

Open Thermocouple (Both control and moniter thermocouples)
Open Circuit Breakers

Load Loss over 10U% (Detects a single heater failure)

Data 7ransm.ssion Failure

Tubular heaters apply heat via 2 spiral wound

nickel-chromium alloy resistance vire insulated from

its containing metal tubular sheath by tightly packed

magnesia (Mg0) powder. Several inches on each ¢nd of

each heater are unheated having a heavy electrical

conductor to the electrical termination. 1In certain



cases, i.e., selected piping smaller than eight
inches 0.D., the heat is applied Ly mineral insulated
heating cable that consists of a metal sheath drawn

down over a MgO insulated single heating element.

Separate Chromel-alumel thermocouples are used
throughout the systems for the feedback signal to

control the oj2ration of the electric heaters and for
menitoring the temperature of the metal boundary of

the eodium containing piping and oiPipment.fkv“nf~wﬂ

ade
$anal inn/ inditatian ic 'fhn‘ v

e comtrn! and N-.t"f"g ‘Lfmou-rlts.

Tﬁermocouple compensation is provided for all

thermocouples,

Thermocouples on piping are located at a point on the
pipe to enable control of the averige temperature of

the pipe within specified limits. On equipment, the

thermocouples are located in the spaces between

heaters for both monitoring and control purposes.

Control of any heater or bank of heaters is by
automatic control. This control provides for
continuous and automatic adjustment of heat based on
an error signal generated from the difference between

the temperature setpoint, as set by the plant
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operator, and the temperature geodback signal from

the thermocouple.

The controller compares the temperature control
setting (ramp rate in heat-up mode and setpoint in
hold mode) as set by the plant operator to the actual
temperature of the sodium process metal as measured
by a thermocouple and generates an error signal. The
error signal is& converted into a corresponding *on"
to "off" ratio of voltage which is applied to 2 solid

state relay which controls the AC power to the

heaters.

The reguired poser is controlled by conducting a
¢racticn of the time over a 17 second period. For

example, 50 percent power would be conducting for

11.5 seconds and off 11.5 seconds, 90 percent power

would be on for 15.3 seconds, and 10 percent power

would be conducting for 1.7 seconds.

Beaters are arranged in a particular control cirzuit
according to the uniformity of heating required by a
pank of heaters. This type of heat application is

called zoning. A heater zone is an area that can be




heated with the same unit input and can be controlled
from a single temperature indicating point that is

reprecentative of the zone.

The temperature feedback thermocouple is located in a

fepresentative position within the pipe run or area

within the heated Zone. The monitoring thermocouples are located
in different areas of the zone from the feedback thermocouple to
provide independent checks on the zZone temperature.

All heaters are in operation continuously during dry
heat-up (system completely empty). Some heaters will
be in operation continuously for the occasional fil1
and drain situations in Sume piping and components
such as cold traps, dump tanks, ex-containment
storage tank guard vessel, gas equalization lines,
and other components. For all other normal

ocperations (start-up, hot standby, and shutdown) the

heaters will be in operation only 1ntermittent1y to

make up for the heat loss through the insulation.

A dedicated, Pre-programmed, direct digital control
Bystem is provided for the Reactor Containment
Building, Steam Generator Building, and Reactor
Berivce Building. The system is modular te permit

Physical distribution of the various functional
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The normal chilled water system is & non-safety related system with
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and eguipment ch is located in cells containing sodium or Nak piping is
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Components and to facilitate future expansion and the
upgrading.

The panels and Operator Control Centers are located
in these three areas of the plant. An additional
Opertor Control Center (Master) is located in the

Main Control Room. The System arrangement is shown
in Figure 9.4-1.

Safety Evaluation

Since the trace heating system is not important to

safety, the heating Eyscem components are non-class

1E. Therefore, as required by Federal Regulations,

the trace heating system design features which make
operation highly reliable are excluded from safe
shutdown scenarios. 1In fact, the safe shutdown
SCenarios must assume gross combinations of heating
system failures. This is required without
consideration to the design reliability of the
non-safety electrical trace heating components.
Under these exteme conditione, the apparent fajlure
mechanisms of the trace heating and control system

are lack of heat when heat is required, heat when




none is required, and current flow through piping and
other non-wiring componentm due to shorts concurrent
with multiple failures of the over current protection
components. The effects of these potential failures
on the safe shutdown of the plant is discussed in

this section.

1
As discussed in PSAR Section 3.§.3, the Piping and

Equipment Electrical Beating and Control System is
not safety-related. The heating system is not
essential for the safe snutdown of the reactor, nor
will failure of the system result in a release of
radioactive material. In those cases where heaters
are applied to safety related components, the heaters
are not required for the components or the associated

systems to perform their safety function.

The loss of vent and drain line trace heating does
not compromise the safe shutdown function. In the
event of a large sodium/water reaction (SWR), the
water side of each evaporator module in the affected
loop is dumped and the superheater steam side is
vented from the superheater outlet safety relief

valves; therefore, no drain of sodium Lnhrough the




IETS drain lines is necessary to mitigate the BWR,

and these drain lines need not be maintained hot for
safe shatdown after this event. If the gas feed and
vent lines close, the range of sodium level variation
in the PHTS puxps is limited by the sodium level
sensing and gar isolation system (qualified for SSE
and in-containment sodium fire DBE and provided with

Class 1t power) to a safe cperating level for

shutdown.
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In additior, heal tranmsport sysluw temperetlures remein above Lhe leaperature
8t which tracc heating 1s ired 0 prevent sodiuu solidification during the
time when the Shutdown Heat al System operability s required.

sl ::o mn:cg :«:tgi‘ml h:cun. of sodfum VYines (sensed anZ controlled
normally ¢ to multiple fallures in the trace heating and contro) systom whi D
on trace heaters (which should be off) s less than five percent of J.l long t:v“-
Subsystem heat removal 3pabiiéty per Toop. The unwanted hect 15 VTess than one
pervent of the short ters subsystem heat romoval capadrlity per loop, and it 13
less than one-half of one percent of the total plant power remcval capahiliny.
These percentages are sufficiently smali 1n terwms of hest transport system
capability that the occurrcnce of this failurs mechanise woyld not compromise
the sate shutdown function.

The third potentia) fatlure mechanism 13 a short to & non-wiring
component occurring with concurrent faflures of the gruund heater sheath, the
wround faull detoctors, and the over current protective devices. This mechanise
would nut compromise the safe shutdoun wf theplait: Fime WWaTiest pipe where o
short could occur is groater than ten Limes the cross-sections) diaceter of the
electrical wiring. Therctore, for ihe smallest pipe. the conductivity of the
electrical wiring 1s one-helf the conductivity of the pipe, and the conductivity
of the pipe 1s over forty times higher than the heater wire. In efther 4 short
or an arcing situation, the pipe would not fail,

Operalionslly, the failure mechanisa requires the failure of the tom-
perature smstn? sySteh and one of the following: (1) excess current application,
(?) crocs-over in mounting of adjacent heaters. and (3) {mproper setting of pro-
tective devices. For decign related failures, the failure mechanfsm can be
caused Ly fmpropar heating wire design, fissures in the Baonesfum oxide, and bends
1ess Lhan the minfmum bend redifi. The effect of the "atiure wil) not cause
fatlure of the sodiwm cuntainment.

9.4.4 Design Religbility Lvaluation

In order to prevent the effects of heater failure from propagating
to the piping or equipment to which heaters are attached, the following opure
ational criteria are used:

(1) For normal operation, the heater: 2re ope~ated at less than
1/2 rated power. For abnormal operation, vach heater control
circuit 1s protected against overcurrent ty ihermal overload
circuit breaker and tempersture senscrs on the heated cospcnent,
Ground fault {nterrupters (GFI) will be wsed for protaction
egainst ground currents.

(2) wigh and low temperature slarms are provided for all control
- «0d monitor thermocouples 1n all heater wontrnl 20nes.

(3) The cold ends of the heaters are bent SU* and brought out from
the component. A spacing 15 maintained between adjacent

heaters Lo prevent crossover of heaters and significant mutual
heating by radiation.

L
.44



(4) Tiw proper setting of the GI'T wnits will he set at installation,

brtwoer hertershesth end—pipiny orcorponemtra v

S

(R) Yo prevent hester failure from desiyn consliderations, the
heaters arc designed to a high quality standard. The use of
the standard requires Lhal heaters be radiographed. In addition,
the technical, mechanical, electrical, malarial, fabrication, and
Quality sssurance requirements are specified.

9.4.5 TYe:ts nnd Inspections

The dezign of the electrical heating systom perwils perfodic testing
tu confirm the operation of the ground fault detection system ond heeter con-
trul system. The heater control system will be teste” and inspected et in-
stallation end at retueling periods as dictated Ly application. Inspection
Ot the heaters 1n accessible areas following shutdown will be performed accord-
fn) W Lthe eninlenace requirements of each process systuow. Rodundant heaters®

wired to accessible terminal blocks will be provided in inaccessible areds as
requirud. ¢

9.4.6 Inctrwcntation Application

Instrancntetion epplication is discussed 1n Section 9.4.2.

* Redundant heaters are nonoperating fnstalled speres which can be made
Lo opurate In place of tatled heaters.
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In addition, the trace heating system will be tested prior to
startup following an earthquake of intensity greater than or
equal to the OBE.

“i
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Main Piping
Pump Guard Vesse
Intermediate Heat
-Appendage Piping

Intermediate-Heat Transpo

Main Piping
Pumps

Expansion Tanks
Appendage Piping

Steam Generitor Sy.cem
Appendage Piping
Auxiliary Liquid Metal System

Overflow Heat Exchanger
Primary Sodium Overflow Vetsel
- In-Containment Sod‘um Styérage Vessel
Primary and EVST Cold
Overflow Line
Piping in Reactor
46 *Piping in Primary

nd EVST Cold Trap Cells

\ - .

Inert Gas ProcegSing System

A1l Safety/Class 1, 2, 3 Components, Piping and Equipment
Irpurity onitoring and Analysis System

TN fety Class 1, 2, 3 Components, Piping and Equipment

SAFETY-RELATED COMPONENTS REQUIRING STAND-OFF ELECTRIC HEATERS

Amend. 46
Aug. 1978

9.4-4



MASTER
CONTROL CENTER
MAIN CUNTRIL_RUUM

ANNUNCTATORS
MAIN CUNTROL ROUM

OPCRATOR CONTROL
CFNTER (RsB)

TO LCC's

(Qty. 3)

OPERATOR CONTROL

OPCRATOR CONTROL
CENTER (RCB)

CENTER  (SGh)

—p= YO LCC's

(Qty. 11}

TYPICAL OF
7 LCC's

2

MEATERS AND T/C
(TYPICAL)

Figure 9.4-1

Power and Control System Arrangement



9.6 HEATING, VENTILATING, AND AIR CONDITIONING SYSTEM

§.6.1 Control Building HVAC System

9.6.1.1 Design Basis

9.6.1.1.1 Control Room HVAC System

The Control Room HVAC System s a safety related system de-
signed to provide filtered and conditioned air to the Control Room as
required to permit continuous occupancy of the Control Room and to
ensure the operability of all Control Room Equipment and instrumenta-

tion under all conditions. The Control Room HVAC System is designed
to:

a) Maintain a positive pressure in the Control Room to mini-

mize the infiltration of radioactive or chemical contami-
nation.

Prevent the increase of internal airborne radioactivity
over the limitations set forth in 10CFR20.

Permit continuous occupancy of the Controi Room during
all operating modes in compliance with the CRBRP General
Design Criterion 17 (defined in Section 3.1).

Maintain space tsmperatures within the Control Room at
approximately 75 F during all modes of operation.

Permit purging of the Control Room following a fire.
Comply with the single failure criterion.

Operate from the Class IE AC power supply during loss of
offsite power.

-

9.6.1.1.2 Contro! and Diese)l Generator Building Emergency HVAC Systems

The Control and Dies2)! Generator Building Emergency HVAC System
is a safety related system designed to provide filtered and conditioned
air under a1l conditions to the Control Building, Battery Cells, Battery
Maintenance Area, Upper and Lower Cable Spreading Rooms, Vital AC/DC
Rooms and the Diesel Generator Building Class IE Switchgear Rooms. The
system proyides the required environment to permit personnel access
during normal plant operation and to ensure operability of the equipment
under 211 conditions. The HVAC system serving these areas is designed

: ( h)  Comphy wroft e 5‘#—0‘“ a of Bl Quibs 152t (2
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HEPA filters are capable of removing a minimum of 99.97 nercent
thermally generated dioctylphthalate particulate of uni“orm 0.3u “roplet
size at the design flow rate of 8,500 CFM.

The charcoal filter bed is assumed to remove 95 percent of
airborne radioactive elemental fodine and 95 percent of methyl fodine at
relative humidities below 70% at the design flow rate of 8,500 CFM. The
actual tested efficiency of the charcoal bed in removing elemental fodine
is 99.9% and 99.5% in removing methyl jodine.

The Filter Unit Supply Fans are connected to their respective
filter units by a flexible connection. The supply fans are V-belt driven
centrifugal fans provided with automatic inlet vanes. The discharge side
of each fan is connected to the supply ductwork by a flexible connection
followed by an automatic isolation damper. Each supply duct is connected
59' to the corresponding CR air conditioning units.

The 100% redundant return fans are located in their respective
A/C unit cells. Two (2) sound absorbers are located upstream of the return
59l fans and the fans are connected to a common plenum by a gravity damper
followed by a flexible connection and automatic inlet vanes. The discharge
side of each fan is connected by a flexible connection to a discharge
plenum which is connected to three (3) branch ducts.

One duct connects with the Control Building missile protected
exhaust structure and is provided with an opposed blade damper and two (2)
redundant automatic isolation valves connected in series. The second duct
connects with the return air damper of the Control Room air conditioning
unit. The third duct connects with the Control Room filter unit. The
59! |return fans are V-belt driven centrifugal fans provided with automatically
adjustable inlet vanes.

The toilet, janitors closet, and the kitctan are continuously
exhausted to the outside of the building by a toilet exhaust fan and a
kitchen exhaust fan during normal operation. The discharge of the kitchen
exhaust fan and the toilet exhaust fan, each with gravity dampers are
joined together into a common exhaust duct and provided with two(2) re-
dundant agégg;;}atggmpers and is connected tc a missile protected exhaust
Structure.V Upofl & containment isolation signal, a high radiation signal from
the redundant radiation monitors or high levels of toxic chemical or
smoke in the main or remote intake ducts, will close the automatic
dampers. The toilet and kitchen exhaust fans will te stopped manually.

59

A1l ceils and corridors served by the Control Room (CR) System
maintained at a 1/4 inch water gauge positive pressure relative to the
utdoor atmosphere during the normal and accident modes of operation.

Two separate outside air intakes, one main and one remote, are
provided for the Control Room. The main intake is located at the SW corner
of the Control Building roof at approximately elevation 880'. The remote

g intake is located at the NE corner of the Steam Generator Building Auxiliary
L 43 Bay «t approximatel elevation 858'. Instrumentation is provided to measure

g&'ﬁe two chumlanTL OUJ”""“'J‘\' “/"’”‘p" g

, o C and controlled with 1€ Amend. 59
designed to QC Grocp C an en Dec. 1980
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pressure sensing device is provided with an alarm set-point to
indicate that the differential pressure across the filter is
higher than normal. This alarm set-point 1s selected on the
basis that after initiation of the alarm, 72 hours are available
to correct the failure without significantly deviating from

the system design parameters.

The Containment Isolation Valves and their instrumentation and
controls are redundant. The isolation valves are provided with
remote positicn indicators and manual opening devices.

The Below Operating Floor Air Conditioning Unit automatic dampers
are provided with remote position indicators and manua) operators.
The failure of any damper can be detected, identified and corrected
within 4 hours. During this_time the affected space temperature
**11 be maintained below 120°F.

The Dome Recirculating Fans are not required for the safe shutdown
of the reactor and maintenance of the safe shutdown condition.

Loss of Normal Chilled Water Supply

The Unit Coolers serving the safety related equipment in the EI&C
cubicles are provided with Emergency Chilled Water. During loss of
Normal Chilled Water, the Upset Design Temperature shall be main-
tained in these cells to satisfy the Operational Requirements.

Loss of Normal Power

During loss of Normal Power supply, the EI&C cubicle unit coolers
are automatically switched to the on-site emergency Class IE AC

ower su ] s 'y 1 "
P ppj%i,‘L‘L~A\se’r’f‘ (22]
Radioactive Contamination Protection of the RCB Arezs

The ventilation air quantities for the above and below operating
floor areas of the RCB are selected to maintzain the radioactive gas
concentrations under the 10CFRZ0 limits.

The source of radicactive concentrations for the below operating
floor areas are the probable outleakage of inert gases from the
normally ineriod cells. Since the inerted gases are continuocusly
purified by the Cell Atmosphere Processing System (CAPS), the
fnitial airborne radioactivity in these cells is low. The cells
are designed with stiee) liners, leak tight penetrations and sealed
doors to withstand the pressures resulting from accident conditions.
The pressure differential during normal operation is very low,
therefore the outleakage is minimal. The ventilation system air
quantities for these areas are selected to maintain the acceptable
airborne radiation concentration, resulting from *he simultaneous
design basis pre-sure differantial and outleakage from all inerted

cells. The selectien provides sufficient conservatism in the
design.

Amend. 49
Apr. 197
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Atleast one EI &C cubicle shall be capable of operation to perform

safe shutdown requirements, and the temperature in all three EI &C cubicles
vill remain below 120° F, even if any one 1E Division of Emergency Power

or one Emergency Chilled Water train is inoperative. Analysis has been
performed that shows that these conditions are met.




Is annunclated In the Control Room., A loglc circult Is avallabie to

automatical ly start the standby pump when the operating pump motor trips or Is
inadvertentiy stopped.

9.9.2 Emergency Plant Seryice ¥ater System
9.9.2.1 Deslign Basls

The Emergency Plant Service Water System Is designed to provide sufficlent
cool Ing water to permit the safe shutdown and the maintenance of the safe
shutdown condition of the plant In the event of an accident resulting In the
loss of the Normal Plant Service Water System or the |oss of the plant AC
power supply and all offsite AC power suppl les. The Emergency Plant Service
Water System Is not used during normal plant operation. The system provides
the Emergency Chilled Water System chlller condensers and the Standby Dlesel
Generators with coc Ing water. Additionally, this system orovides fire
fighting water for the selsmically qual Ifled tire pumps of the nonsodium fire
protection system, The Emergency Plant Service Water System Includes the

Emergency Cool Ing Towers and Emergency Cool Ing Tower Basin, as described In
Section 9.9.4.

The Emergency Plant Service Water System Is designed to Selsmic Category |
requirements as defined In Section 3.2. Pumps, valving and piping required
for the safe shutdown of the plant are designed to ASME Sectlion i1, Class 3
requirements, as deflined in Section 3.9.2. All electric motors serving the
system are connected to the Class 1E onsite power supply. In case of loss of
plant and offslte power, these motors are switched autamatically to the
Standby Dlesel Generator. The piping and equipment for each redundant |oop of
the system Is physically separated or protected with a barrier to conform 1o
common mode fallure criterion, System piping Is below ground between the
Selsmlic Category | Emergency Cool Ing Tower and Diesei Generator Bulldings The |
Emergency Cool Ing Tower structure is tornado missile hardened as de

scribed In
SGC‘flOH 90904010 /
dﬂl Efa'xn(‘.(

9.9.2.2 System Description >amd a Hind loop. Eppent bl

The Energency Plant Service Water System (EPSW) consists of two 100 percent
capacity fully redundant cool ing loops) Each cool Ing loop Includes one

clircul ating pump, ene—hake=up—pump, One emergency cool Ing tower and assoclieated
piping, valves, Instrumentation and controls. Figure 9.9-2 shows the various
equlpments and represents the system component conf iguration and relationship,

The components served by the Emergency Plant Service Water System are | isted

In Teble 9.9-3. Design data on the major system components Is | Isted In Table
9-9-40

gpon loss of Normal Chilled Water or upon start of the Standby Diesel

Generators, the EPSW pumps, EPSw-mekews—3unps;" and Cool Ing Tower Fans wlill
autamatical ly start and provide cool ing water at 90° maxImum to the

Amend, 73
Nov., 1982
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s
Emergency Chilller Condengers In the SGB And the Standby Diesel Generators In
the DGB. The EPSW pumpy teke suction from the Emergency Cool Ing Tower
g basink which located the Emergency Cool Ing Tower,

’ em opepation “magkeup pumps wll ) fransf
- orage bésin to $he redundant og:;zglng asins ¢
yapopdtive and drift s from the tofers., /

Cooled water from the Emergency Cool Ing Tower i;ﬁ:::iga basiny Is pumped via
underground supply mains to the emergency loads In the DGB and SGB. After
cocl Ing the emergency chlllers and the standdy dlesel generators, warm water
I's returned, also through underground malns, to the Emergency Cool Ing Towers.
To account for seasonal temperature variations, temperature control valves
served by eiectro-hydraul Ic operators bypass a portion of the returning water
back to the pump suction., A temperature !ndicator controller automatically
adjusts the valves as required to mainta:in supply temperature above 55°F. the
minimum required for chlller operation,

In addition to cool Ing the Emergency Chilled Water chlllers and the standby
Diesel Generators, each loop of the EPSW System provides a connection to
supply water to the Non-Sodium Fire Protection System. The EPSW pumps and the
Emergency Cool Ing Tower Basin are designed to allow fire protection operation
while maintaining the capabil ity for supplying 100 percent cocl Ing to the
emergency loads. The fire protection pumps are provided with Instrumentation
that will automatically terminate operation when a prescribed amount of water
has been used (see Section 9.13). This ensures that the guaranteed 30 day
supply of water for EPSW system operation will not be compromised. In
addition, thls system Is connected to the EPSW loops In such a manner as to
preclude a single fallure from compromising the capabil Ity of the EPSW system
to perform its required function,

s //,-—- Aoolp C s Suﬁ”'ﬂ-p Fo Clase 1€ Division 3

r 4

*
The EPSW system Is a Tsmic Category |, safety related system designed to
have 1008 redundangy” In both active and passive components, The system Is
provided with AC power from the Class 1E power sources. EPSW Loop "A" Is
suppl led from £1ass 1E Division 1 and Loop "8" Is suppl led from Class 1E
Division 2. {This arrangement assures that 100 percent cool Ing capabil ity will

be avallable even If one of the Standby Diesei Generators or one of the EPSW
loops should fall,

The EPSW system Is & fully automatic system, normally control led from the Maln
Contro! Panel in the Contrcl Room. Redundant controls have been provided that
will allow full operation of the system from a control panel In the Dlesel
Generator Building.

_Pipe break analysis for this moderate energy fluid system will| be provided In
the FSAR.

9.9-3 Amend. 73
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During the initial phase of recovery from an accident, one
Emergency Plant Service Water loop satisfies the cooling of the Standby
Diesel Cenerators and the Emergency Chilled Water Chiller Condensers.

The Emergency Plant Service Water System is capable of accommo-
dating any single component failure without affecting the overall system
capability of providing cooling water to achieve a safe shutdown con-
dition. A single failure analysis of the Emergency Plant Service Water
System is given in Table 9.9-6.

9.9.2.4 Tests and Inspections

The system components will be tested at the manufacturer's facili-
ties, and a complete system test will be accomplished prior to plant operation.
The EPSW System does not operate during normal plant operations. However,
the system, including all active components will be operated periodically
during the year in conjunction witk tne Standby Diesel Generator testing
program as outlined in USNRC Regulatory Cuide 1.108. The system can be
proven operable at any time by manual initiation. Inservice inspections
will be conducted according to ASME Section XI, as described in Section
19.7.2.1.9. In addition, isolation valves and pressure test connections
on the supply and return headers in the pumphouses and the DGB permit
inservice inspection of the buried piping by hydrostatic testing.

9.9.2.5 Instrumentation Application

Instrumentation will be provided for local and/or remote (Control
Room) indication of the following parameters as indicated:

- pump discharge pressure (local/remote)

- diesel generator/emergency chilled water chillers
supply temperature (local/remote)
storage basin level (local/remote)
diesel generator and emergency chiller flow rate (remote)
diesel generator and emeraency chiller supply temperature
(Tocal)
diesel generator and emergency chiller return temperature
(local/remcte)
diesel generator and emergency chiller supply and return
pressure (local)

- operating basin level (local/remote)

- wmakeup-wrter oot et~ Pmon—~] ow)

A flow switch, located in the return line from each diesel
‘lgenerator and emergency chiller will detect an abnormal low flow condition
33land energize an annunciator in the Control Room.

1519.9.3 Secondary Service Closed Cooling Water System

The objective of the Secondary Service Closed Cooling Water
(SSCCW) System is to provide cooling to auxiliary equipment located in 7~
the turbine building.
pmend. 59T
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The Emergency Cool Ing Towers,pumphouses, Md storage basin

are designed to withstand the most severe natural phenomena (e.g., Sefe
Shutdown Earthquake, tornado, tornado missiles, wind, Probable Maximum F|ood

d ht). The design has the necessary redundan zof components,
or droug g ssary un ajy & po&“
Electrical power for the Emergency Cool Ing Tower fans, pumps, and control
equipment Is provided from the Class 1E AC power supply. loop !s provlided
with electrical power from System Class 1E Division IL :

,Z,uJ3 M/lc)(lﬂﬁ.

Sy stan CrassHE Divieionde _
9.9.4.2 Design Description
Yhree

The Emergency Cool Ing Tower Structure consists PV of pumphouses (containing
the pumps and piping of the EPSW System, Section 9.9.2) located directly above
the cperetimg—wader storage basin, The cooling touers;““:phouus“
Sporating-desins are 4604 ~odundewt Selsmic Category |, Tornado protected
structures. The common storage basin Is a Seismic Category |, flood and
tornado protected structure., The storage bas'n has sufficlent storage
capacity for 30 days of operation, Including 30,000 gallons of water storage
for the non-sodium Fire Protection System plus adequate allowance for drift
and evaporatior |losses. Each cool ing tower Is designed to achieve the
required heat dissipation rate at any time, approximately 2.36 x 10 BTU/HR at
the maximum Emergency Plant Service Water Flow of approximately gggg 9

The change In water chemistry due to the absence of blow-down fram the cool Ing
towers has minimal effect on operation of the Emergency Plant Service Water
System., Proper selectlon of the Emergency Plant Service Water components,
appl led bioclde additives, and maintalinence of proper water chemlistry will
provide compensation for the Increased tube foul Ing., The maximum makeup water
required after 30 days of operation I|s approximately 100,000 gallons per day.
In case the make-up water Is not avaliabie after 30 days, make-up water can be
suppl led by either truck, rall or temporary piping from the Cl Inch River or
purchased under agreements with the Department of Energy, Oak Ridge
Operations,

The top elevation of the Emergency Cool Ing Tower Basin Is 818 ft. which Is 9 /
ft. above the probshble maximum flood level. The entire basin and the cool Ing /
tower supports are founded on siltstone. The basin Is a below grade

reinforced concrete structure, For further detalls on the basin, refer to /

Sectlion 3.8.4.1.5. /

Each Emergency Cool Ing Tower consists of a single cell, provided with an
Induced draft fan system, Each cool Ing tower s enclosed in a Selsmic ,
Category |, ‘tornado missile protectes structure. The water Intake and J

(; AR owers awd TExsb BV, ol e maxumsn~ Emeryency
Plamt Servce (uter Few ?/ q}f?rmlh‘{eﬁ G20 GPM 7@{ doer C
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discharge plping are located within the tower or safely below the ground for
tornado missile protection., The water Inteke and discharge plping and the
Internal distribution piping are Selsmic Category |, ASME Section |11, Cleass 3
design. GoeehLmergency-Codl ingTover—hes e design fiow rete of 3600 Ly

The Emergency Cool Ing Towers are of a counter-flow, wet-type, mechanically
Induced draft design. The Internal distribution plping distributes the invake
water evenly over the fll| area so that sufficlent water area Is exposed to
the counter alr flow to provide evaporation for the required heat removal.

The counter alr flow Is provided by ti:e Induced draft fans,

Drift el Iminators are |ocated above the Internal water distribution piping and
below the Induced draft fans, The drift elimlinators are a zigzag pattern of
channels which prevent water carryover through the fan stack.

The Emergency Cool Ing Towers sre supported by the reinforced concrete storage
basin, The top of the cool ing towers |s approximately 44 ft, above the
maximum water level of the storage basin,

The Emergency Cool Ing Tower Basin Is fllled with potable grade water which Is
treated for bacteria control. The qual ity of the stored water |s analyzed at
regul ar Intervals and the required blocide additive s Injected manually In
quantities required to controi seasonal varlations of the bacterla growth,

The Emergency Cool Ing Towers and Emergency Cool Ing Tower Basin will be
selsmical ly analyzed as described In Section 3.7.

9.9.4.3 Safety Evaluation

o el coclmg Tower and punplecse

The Emergency Cool Ing Tower structure consists of two 100 percent capaclty

cool Ing towers,pumphouses, andj\cpecating-bastns and one 100 percent capacity
below grade cool Ing water storage basin. The entire structure Is Seismic
Category |, tornado, and flcod protected. | Piping, assoclated wlith the
Emergency Cool Ing Tower Is designed to ASME Section II1, Class X requlirements.
The structure can wlithstand the most severe natural phenomena expected, and
other site related events, such that the Emergency Cool Ing Tower cool ing
capabll ity Is assured under required conditions. The method of analysis Is
simllar to that used tor other Selsmic Category | structures. The entire
structure Is designed to withstand the Safe Shutdown Earthquake. The flll,
drift el Iminatcrs, motors, mechanical drives, plping, electrical condult,
cables and supports will be selsmically analyzed In accordance with the
procedures discussed In Sectlion 3.7,

/

< Mo Avans are Pr(u/r e Har Ca.\?

) Hwer Basin
.
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Freezing of the basin water will not affect the operation of the
emergency cooling tower and the emergency plant service water
system. This !s because the suction elevation for the emergency
plant service water pumps ere located at the bottom of the basin
which 1s 39 f+. from the surface of the colling tower basin water
body.




B10-1ST

The Emergency Cooling Towers and-operstina-bhesdns are above
the probable maximum flood level. The flood level considerations are
discussed in Section 3.4.

The Emergency Cooling Tower pumphouses ,—except—for—the—makesup
pump—pitiwhich gxtend down-to glevation—774--0-, are also above the
probable maximum flood level. Kowsuer,-the LmgrgensyLooling-Mater
Rake—bp—Rumpi—are—submersibletherebsproviding system flood protection.

The Emergency Cooling Tower structure is designed to withstand
tornado windforces and tornado missiles and the cooling tower internals
are protected by the enclosing structure. The tornado and wind Yoadings
and the Missile Protection ure discussed in Sections 3.3 and 3.5
respectively.

A1l materials used for the Emergency Cooling lYower Structure
are designed to be non-flammable in order to negate the possibility of
loss of tr2 cooling function due to fire.

In order to evaluate the capability of the Emergency Cooling
Towers and Emergency Cooling Tower Basin to act as an ultimate heat sink
for the Emergency Plant service Water System for a minimum period of
3C days, a detaiied analysis will be done using the following conserva-
tive assumptions:

| P The Emergency Cooling Tower Structure is subjected to the maximum
probable heat load. This load corresponds to the heat removal duty
of the Emergency Plant Service Water System to controi a postulated
design basis accident and ‘s 1isted on Table 9.9-3. During all
other modes of operation the Normal Plant Service Water System
removes the heat loads:

The postulated design basis accident is assumed to occur under
conditions that minimize the heat removal rate, and maximize the
water usage as follows:

a Meteorological Condition for Minimum Heat Removai Rate.

The meteorclogical condition for minimizing heat removal rate
is the highest wet bulb temperature that may occur at the
inlet to the cooling tower. Wet buib temperature is the
only meteorological condition significantly affecting the
water temperature produced by mechanical draft cooling towers.

Each Emergency Cooling Tower is designed to dissipate the
maximum expected heat load during the first 24 hours after

a design basis accident assuming average wet bulb temperature
for the worst day of record.

Amend. & F
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TABLE 9.9-3
COMPONENTS SERVED BY EMERGENCY PLANT SERVICFE WATER SYSTEM
Component location Component Service Requirements

Flow 'SHT BTU/HR
Component B1dg. Cell Elev, GPM F (X]OG)
Lomponent

‘ng 5srst
Standby Diesel Generator A DGB sHri=0* 4560 T4D 2 T&»

Aar
Standby Diesel Generator B DGB L—z 816'-0" 90 T&b 3 TéD
?ﬂi~4b7 Ciese! Genrerdov C DGA T60 p1&'-o" o . T8
Emergency Chilled Water . ) .

' System Chiller A SGB 216 733°-0" <100 . 10.5

Emergency Chilled Watc.:
System Chiller B SGB 733'-0" 2100 . 10.5

Disser. Rin Coolinis UNIT A - Dea ‘ F47'0" T8p 80

To»
Y lor ™o ?0° 78p
*Entering Water Temp.

J Dléﬂlx‘, Rim Cpolune ONIT B o Dén vl o’ T8D P0°*
5

Dicser P Cavline UNIT e




TABLE 9.9-4

EMERGENCY PLANT SERVIZE WATER SYSTEM MAJOR COMPONENTS

Description

Emergency Plant Service
water System circulating pump
Loops 4R

Emergency Cooling Tower 448

5&*&5&e¢~ﬂake—8¢:£saps;

Cm(‘rq(‘ucx( Flawt Ser Jice
(veter SHE*%n Cﬁftu£&4hz
Ay ,,’: - C‘/‘f C

43'33l

p - | ——
(o MNPIGRanCay QCc'nﬁ ‘ower
< J

Quantitz

Design Data For
ach Compcnent

-800-0mm— 780 GPM
Ao—Ft.~total-head 5D Hhef?/

3600 GPH= /BD &P




9.10 COMPRESSED GAS SYSTEM

The Compressed Gas Systems discussed In this section are those which supply
Instrument alr, service alr, hydrogen for genrerator cooling, end carbon
dioxide for generator purging. Instrument and Service Alr Systems ere
deplcted In Figure 9.10-1, The Compressed Alr System Safety Class 1|
instrument Alr Supply Is shown In Figure 9.10-2. A final drawing of this
system wil| be provided upon completion of design. Tne Hydrogen System Is
shown In Figure 9.10-3, and carbon dioxlcde system In Figure 9.10-4.

9.10.1 Service Alr and Instrument Alr Systems
9.10.1.1 Design Basis

The Service Alr System Is designed to provide clean, oll - free, compressed
alr which will be used to:

1) Provide alir necessary for various maintenance functions.

2) Provide alr to requlired stations for personnel breathing where
respiratory protection Is required.

3) Provide alr for the Instrument Alr System.

To fulflli these requir#ments, the system components and pliping are desligned,

fabricated and Inspected In accordance w!th applicable codes as fol lows:

© Alr recelver tanks, fllter bodles, drying chambers, molsture

separators, In*zrcoolers/aftercoolers meet ASME Boller and Pressure
Vessel Code, Section Vill, Division 1,

Piping (except contalnment penetration piping and Isolation valves,

instrument alr piping and accumulators serving safety related
components) meets ANS| B31.1.

Containment penetration piping and Isolation valves meet ASME “ection
111, Class 2 and Seismic Categor, |.

Instrument alr piping and accumulators serving safety related
components meet ASME Section |1, Class 3, Selsmic Category |.

In addition, service and instrument alr equipment piping and
components meet WARD-D-0C37 (Appendix 3.7-A), Selsmic Design Criteria
for Clinch River Breeder Reactor Plant",

Tastrume.ct A Sysen, meets AvsT MC 11

Environmental design reqi'remefts wli| meet those for safety related equlipment
discussed In Section 3.11,




processing. Non-redicective dralnage Is pumpud to the eque! 'zation ponds cof

1he Westewator Treatment System, A power fallure to the radiation monltor or (

dlversion valves will cause recirculetion beck to the sump 10 prevent -

radloact|ve dnlno?c ron entering the non=ridloactive westewater fregtment .
stem, A wanally ‘weee e -clesed vohve u leonded dov el
¢« diwsrsien valve. "‘\v‘“ savg Wi\ bt sanphd priee 4p pe—piyg o ‘&“‘;

Treated water and other process water treatment westes which do not have the Pss.

potentlal to be radlcectively contaminated, ere rovted %o seperate sumps for

trensport to the weste woicr treatment system, )

where there Is a potential for oll splils, the dreinage Is routed to the oll

separation system prior to discharge Into the waste water disposa. system,

011 spllils are not allowed to draln In areas thet contaln radicectively

contaminated equipment or flulds, In this case, the oll splll Is contamineted

w1th curbs ond dlkes and romoved manually. 0!l routed to the o!l separetion

system Is col lected In & vaste oll tank and ramoved from the site for
subsequent dlisposal.

9.15.3 Scfety Evaluetion

The plant equipment end floor drainage system Is designed so that 1t Is not
ressonrably possible for any radioactive dralnage In these systems 0 be

dlscharged out of the plant without undergoing the required treatment or
processing.

Eval uatlons of radlological considerations for normal operation and postul ated
splils and eccldents ere presented In Sections 11.2.3 end 15.0 respectively.

The ptent Equipment and Floor Dralnage Systems Is nct safety rel ated except -
for the plping and valves required for containment Isolation (Section 6.2.4).

EFDS plping within areas contalning safety releted equipment is supported with
Selsmic Category | supports.

There &r6 no Gralns In cells where sodium piping or oquipment cor®alning

sodium s located, accordingly sod!um leaks connot enter the equipment end
floor dralnage systam,

A water plpe break or fire protection system drainage load cannot enter cellis
or compartments contalning sodlum from draln system backflow because these
cel1s do not have any drains. The CRBRP design criterie requires thet three
passive barriers (or two passive and one active barrlier) ex!st between all
sodlim and water boundarics. Accordingly, leak detectors loceted In ihe
dralnege system are not required,

Safety roletod systemscontalning water have instrumontatior to detect leakage,
9.15.4 Jests and Inspections

EFDS plpes embedded In concrete are icak tested price %o the pourin) of

cencrete. All EFDS plping Is tested 1or leaks aftor Inscallation, Al

leaking plpes or Jolints are repeired before the concrete Is placed, The

piping will be clesned out to Insure that construction debris will not cause @
blockage or reduction In the fiow. All pumps ore tested to ensure *hat thelr (

?,/f’L Amend. 73



ATTACHMENT |

PSAR REVISION: SODIUM WATER REACTION IN LOOV

15.7.3.7 Sodlum-Water Reactlion In Lerge Component Cleaning Yessel
15.7.3.7.1 ldentification of Causes and Accldent Descriptlon

A sodium~water reaction accldent In the Large Component Cleaning Vessel (LCCY)
would be caused by unplenned Introduction of |lquld water which would react
with bulk sodium prior to completion of the WVN phase of the sod/um removal
process. The consequences of the accldent would depend on the amount of
sodium on the component In the LCCY and the gecmetry of the component, This
analysis assumes that the component having the largest inltial sodium
Inventory Is being cleaned. The frequency of sodium removal from components
having enough sodium to meke possible a serlious sodlum-water reaction Is very
low. This, together with the design features which prevent such a reaction,
makes this an extremely unl ikely event,

In the normal sodium removal process, all sodium except small amounts Isolated
In crevices |s removed during the WYN cycle by the following reaction:

Na + NZO' NeQH + 1/2 H2

Monitoring to determine completion of the sodlum-water vapor reaction In the
WYN cycle Is accompl Ished by measur ing hydrogen concentration In the ges
leaving the LCCV. The reaction rate Is control led by establishing a water
vapor concentration In the WVN entering the LCCV to |Imit the exhaust gas
hydrogen concentration to less than 45. As sodium Is removed, the reaction
rate and resulting hydrogen concentration decresse for o fIxed Inlet water
vepor concentration. To maintaln the reaction rate, the water vapor
concentration Is gradually raised to a maximum of 158, The reaction Is
considered complete when the hydrogen concentration In the exit gas then falls
below 100 ppm.

The rinse cycle In the normal sodlum removal process removes the Inert
reaction products of the WWN cycle. This wiil not normal ly Involve
significant chemical reactions, Presence of the amounts of sod!um necessary
for a significant chemical reaction could occur only as @ resul t of Initiating
the rinse cycle without performing the WVN cycle. The design Includes an
Interlock to prevent this error by preventing opening of the water supply
valve untlil 24 hr efter opening of the steam supply valve for the WVN cycle,
The Interlock can be bypassed by use of @ key switch whose key Is kept under
supervisory control. The accidental addition of water while all sodlum
remains on the component Is the worst possible case and Is analyzed for the
sod| um-water reaction accldent,

Sodlum In the LCOV prior to the WYN cycle would react with water during the
accidental rinse cycle by the same reaction as In the WVN cycle. The hydrogen
and heat generated would result In high pressure and temperature In the



vessel. Th!s would promote the additional reactions |isted below; however,
the reaction of the above equation would be predom | nant end was used In the
analysls of this event,

Na + NaOH = 2Nel - 1/2 M,
2Na + NaOH = NaQ + NeH
NeH + H 0 = NeQH + H,

NeO + H,0 = NaQH

The sodlum of Interest for this analyslis Is In the form of frost depos!ted on
parts which have been In the cover gas space above the resctor sodlum pool.
Since this form of sodium depos|t presents a high=surface srea for reaction,
It was assumed that the resction Is Instantaneous when water reaches sodlum,

Many components will use the LCOV for sodium removal; however, all except two
components, the Intermedl ate rotating plug (IRP) and the small roteting plug
(SRP), conteln a quantity of sodlum for which complete Instantaneous reaction
w!th water would result In an LCCY Interna! pressure |ess then the 15 psig
design pressure. The design of the SRP Is simliar to that of the IRP
described In the next paragraph. The event for the SRP would be the same as
for the IRP, but the amount of sodlum Involved would be less by & tactor of
about six. Aiso, the SRP 13 expected to be cleaned only once per 30 yr. the
same frequency as for the IRP. Therefore, the sodl um-water reaction with the
IRP |s an e eloping event and was the case snalyzed.

The IRP consists of @ serles of horlzontal plates suppor ted by four columns
supported by the rotatable plug which Is part of the reactor vessel closure
head. The suppressor plate Is the lowest plate. It and the lower 36 In. of
Its support columns ere Immersed in the reactor sodlum pool durling operation
end will have 8 0.003=1In.=thick f1im gf sodlum when removed for cleening. The
area of the plete Is about 47,000 in.“, glving & sodium content of 4.5 Ib.
The lower 36 In. of the support columns will contaln enother 2 Ib. of sodium
$1im. The next plete, 48.7 In. sbove the suppressor plate, Is the |owest of
+he reflector pletes. There are 20 reflector pll}os, each separated by 1/2
in. and having a surface erea of sbout 36,000 In,“. Eech hes 8 coating of
frost depos!ts consisting principal ly of sodium but also conteining Na,0 and
NaH. The thicknesses of these coatings renge fraom 0.0445 In, for the Bottom
plate end the upper section of the support columns t+o 0.0005 In, for the top
reflector plate. In this enalysls, 1t Is assumed that these ere the
thlcknesses of solld sodlum fl1im, The lowes? reflector plate contains sbout
65 Ib. of sodlum. The next two higher plates contaln 51 end 40 Ib. The total
sodium on the IRP Is sbout 350 Ib.

The sod!um-water reaction event would beglin with the addltion of water to the
LCCY at a rate of 125 gpm. A flow of nitrogen at 50 ctm would be malntalned
through the water Into the LCCV and out through the vent to malntain 8 purge
of the system. The nltrogen would carry over water droplets which, together
with the water vapor above +he water surface, would react with the sodium et o
rete comparsble to that In the WN cycle. It Is assumed, however, that no
sodlun Is removed by this reaction and that 1t all remalns untll the water
reaches |1+, When the water reaches the suppressor plate, the 4.5 Ib, of

'Y 2



sodiun on [t will react Instantanecusiy. The resulting pressure In the LCOV
will be iess than “he LCOV design pressure of 15 psig. The hydrogen
concentration In the LCOV nitrogen wiil be 2.58, which s less then the 4%
annunciator and Interiock setpoint, It Is assumed that water addition wil|
continue at 125 gpm. The water level will rise at sbout 1=1/2 In, per min so
that about 30 min wiil be required to reach the lower reflector plate. During
this time, the hydrogen from the suppressor plate reaction and the slow
resction with support column sodium will be purged from the LCCY,

Water and the 65 Ib. of sodium on the lower reflector plate will react when
the water leve! has risen to the plate elevation. The pressure and hydrogen
concentration In the LCCV gas space will Increase. At & pressure of 8 psig,
an Interlock Is activated to close the rinse-water Injet valve. At 8 pressure
of 16.5 psig the LCOV pressure relief vaive will open to vent the gas Into the
Large Component Cleaning Celi. The maximum pressure which would be reached
without verti.ng would be 89 psig. This Is lower than the burst pressure of
el | components of the system, so that the hydrogen-nigrogen mixture will be
contalned except for venting through the pressure rellef valve and the normal
system vent to the HAV System. The hydrogen concen’ration In the LCCV gas
will be 228. The Increase wiil be detected within & few seconds by the
hydrogen analyzer In the LCOV vent |ine. When the detected level exceeds 4%
an Interiock will be activated to close the valve In the water Inlet |ine.
This Interiock provides backup for the high pressure Interlock which closes
the same valve.

The hydrogen=nitrogen mixture which Is vented through the LCOV pressyre rellef
valve Is mixed with the alr at atmospheric pressure In the 67,000 ft° cell.
The pressure resul ting fram adiabatic expansion of the mixture Into the cell
Is about 2 psig. The hydrogen concentration In the cell after mixing with the
alr Is about 2.5%

15.7.3.7.2 Analysls of Effects and Consequences

The sodium-water reaction described In the sbove section |s an extremely

unl Ikely event because the two components with which It could occur are each
cleaned only once In 30 years, and because of the number of fallures which
must occur to permit the event, The principal fallure would be In not
completing the WWN cycle before adding water in the rinse cycle. An Interlock
requires that the WVN cycle must be started by opening the steam valve and
must proceed for 24 hrs before the water Inlet valve may be opened w!thout
using the key switch Interlock bypass. Control of the key by supervisory
personnel wll| avold Improper use of the bypass. Once the WVN cycle Is begun,
fallure of a second Interiock would be required to terminate It before the
hydrogen concentration In the exhaust was less than 100 ppm., This low
hydrogen concentration ensures that much of the sodium Is reacted even |f the
Inlet water vapor concentration Is not ralsed to the normal 15%.

Analysis of the event hypothesized the Instantaneous reaction of the 65 |b of
sod!um the lowest refiector plete. The reaction releases hydrogen Into the
2,100-f1" nitrogen gas space sbove the water |evel and releases heat. It Is
essumed that all heat frum the reaction goes to heating the nltrogen and the
reaction products (Na(H and H,). Due to this heating, the gas space above the
water would be pressurized to a8 maximum of B9 psig, which Is less than the
static rupture pressure of all components In the system, |t |s assumed for
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Cell.

the analysis that all of the gas Is released adlabatically Into the LwIA The
resulting cell pressure of about 2 psig Is less than the cell Gesign pressure
of 10 psig. It Is also assumed thet there Is complete mixing of the vented
LCCV gas end the LCOV cells elr stmosphere. The resul ting hydrogen
concentration of 2.5% Is less than the 4% axplosive | mit of hydrogen In alr,

Since there is no designed vent between Cell 125 and the RCB etmosphere, the
serosol would be confined In the celi. Since the pressure In the celi Is only
2 pslg, there would be minimal leakage past the cel! penetrations seals and by
the ?l’&thls leakage works Its way up to the RCB etmosphere and through the
system'  “RCB flifration system, the Impact on the s!*e boundery would be
negligible.

15.7.3.7.3 LConclusion

Based on the analysls describad In the preceding sections, It Is concluded
that the vesse! and system design Is sdequate to protect the plent and the
publlc, and that there ere no adverse consequences to the health and safety of
the publlc which would result from this accident, Specifically:

o An uncontrolled sodlun~water reaction In the LCOV Is an extremely
unl lkely event,

© The LCCV pressure rellef valve Is set to vent the gas to the cel! ot 2
pressure 10§ above the design pressure of the vessel.

o Fallure of the rellef valve to oper will result In a maximum pressure
of 89 psi3g. This Is |ass than the calcuiated burst pressure for the
LCCY and connected process equlpment,

o Release to the LCCV cell of all reaction products will pressurize the
cell to only 20% of the cell design pressure of 10 psig.

© There will be an Imperceptible Impact on the slite boundary dose.



15.7.3.7.4 Enveloping Other Sodium-Water Reactions

To envelope the site boundary dose of all other
sodium-water reactions in any of the cleaning vessels,
calculations were made assuming 100% of the radioactivity
deposited on the IRP to be released via a hypothetical vent
from the LCCC to the RCB HVAC and thus to the environment.
Activity content of the assumed release was derived from
information in PSAR Table 11.1-7 decayed for 10 days. Such a
release would isolate the RCB and the postulated effluent will
pass through the filter system before release to the outside
environment. A decontamination factor of 20 for iodine and 100
for particulates was assumed in the analysis. The activity is
conservatively assumed to be in the form of a “puff."

Table 15.7.3.7-1 provides the resultant doses from this set of
conservative assumptions and event. All doses are well within
the appropriate requirements and guideline values of 10CFR100.



Question CS410,19 (9.7.3)

The normal and emergency chllled water systems provide cooling for plant HVAC
systems., HAC units serv.ng areas contalning sodlum or NaK are provided with
dralns to carry away chl, led water |eakage to prevent molsture carry-over In
the HVAC ducting. Leak detectors are provided In the drains to detect chllled
water system coll fal'ure., Activetion of the detector results In autamatic
closure of the chll'ed wuter coll Isolation valves, Justify the use of
non-safety related normal chllled water system plping and vaives In HVAC unlts
serving areas contalning sodium and NakK,

Response

With the exception of the SGB loop cells, the HVAC units provided wlth normal
chll led water and serving areas contalning sodium and NaK are |ocated outslde
the sodlum and NaK cel ls. These cells do not require safety-related cooling.
Accordingly, thelr assoclated HVAC units are classlfled as non-safety-related,

For the SGB loop cells, Three barriers between the sodium and water are
provided as fol lows:

a) Chilled water piping walls

b) HVAC equlpment walls which serve as spray shields

c odium piping walls

) S

The fety clésslficatlbn of these bapriers Is rently belng eydluated to
defermine |§/ they proyide adequate o?ecflon/(g:nﬁ a sodlum/water roacﬂ)ﬂ\.
Whe resul 3£ of thisévaluation wl be provided In a future amendment,

0CS410,19-1
Amend, 69
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