Date: February 10, 1584
To: John Larkins, NRC
From: W. H. McCulloch, 6445

On February 6-7, 1884 Bil1 McCulloch, John Aragon, and Don King of SLA visited
the NTS Hydrogen Burn Facility to inspect the condition of equipment and
cable/splice samples after a series of hydrogen burn tests conducted by EPRI. -~
Also present for the ‘nspection were Jack Haugh and George Sliter of EPRI.

Dick Miller of Westinghouse, Don Randall of Astron, and John Wanless of the NUS
Corporation : . -y

The calorimeters we had supplied were of special interest to us  but, 2t

the request of John Larkins, NRC, we 21s0 inspected the other eguipment and
catle/spiice samples from their original (new) condition, and we made no
attempt to evaluate or interpret the observed conditions of the samples or to
assess their cperability or reliadbility. The equipment and samples were tagged
and photographed and the condition of each item was noted in an Engineering
Record book. The inspection consisted of visually examining the exterior of
the equipment and cable/splice samples and the interior of the equipment 2s
their covers were removed. At times unusual or unexpected "flakes™, "crusts”
pr corrosion were removed from the equipment and placed in sample bags.

The equipment inspected included absolute and differential pressure gages,
solenpid valves, 1imit switches, resistive temperature devices, penetration
pssemblies, a fan motor, and @ motor operated valve. Cable samples were
obtzined from various manufaciures: Kerite, Rockbestos, Samuel Moore, Raychem,
Dkonite, Boston Insulated Wire & Cable and Anaconda. Most of the cable samples
had been spliced into Toops using a variety of splicing techniques not 211 of
the type used in nuclear facilities. We are to be informed later by EPR] which
were the higher grade splices.

In general, the equipment exteriors were scratched, discolored and corroded,
evidence of their handling and exposure to fires and high temperatures. There
were not however, any indications of external damage to the eguipment. Upon
removing the covers e found water condensed on most surfaces inside the
pressure gages. The most prodbable source for this water intrusion is through
the feed throughs for the experimental instrumentation (which is not typical of
installetion in nuclear facilities). But there was m0 way to essure that the
"nuclear grade” gastets and seals dic not 2llow the intrusion of 2t least some
of the weter. (It should be noted that “nuclear grade" installation procedures
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John Larkins 2

and checks must be meticuleasly followed: other technicues jucged acceptable

even by experienced and careful installers, can Tead to problems 2as occured

repestedly in this test series.) Except for the condensation and small amounts

for foreign material (scale from evaporated water and bits of construction

material, e.g., meta]l filingss) we found no evidence of camage or me1function.

The presence of the water might give some concern if the component were

expected to perform over an extended period. There was enough water present 10 -
cause shorting in & printed circuit board iv the potting material were 2bsent )
or compromised.

Damage to the cable/splice samples ranged from virtually none to severe camage
to the cable jacket. Except for some splices which may not have been "nuclear
grade” our visual inspection revezled no evidence of failure of the conductors
or insulators. However, there was in many cases sufficient damage to the cable
outer jacket to seriously doubt its ability to protect the inner cabdble parts
from 2 wet environment. For instances, if the inner insulation shrank back
slightly from the splices, moisture could easily cause shorts. In the 2bsence
of defined criteriz for survivability, we cannot say that we observed success

or failure. Of approximetely fifty cable samples, only two were virtually free
of damage. Severz] showed slight surface melting and 2 few were charred without
significant surface wrinkling or bulging. On many samples the jacket had expanded
(either from its own phase change or from pressure generated by high temperture
gases inside the jacket) and collapsed giving 2 heavily wrinkled or knuried
appesrance (1ike the rough bark on a mature tree). In the more severe cases

the jeckets had holes anc/or splits to reveal the inner lavers. A1l but one

of the splices showed some camage (usuaily substantial shrinkage or splitting

of the splice jacket). Again, our observations were limited primerily to the
cable jacket and we saw no clear indication of damage to interna) parts or of

2 cadle's inability to perform its function.
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THE PRODUCTION OF H, IN LWR SYSTEMS DURING SEVERE ACCIDENTS

The'elrly production of “2 in LWR systems during 2 severe accident is mainly caused
2by the oxidation of the Zircaloy cladding by steam. This reaction produces

one “2 apIecu]e for every steam molecule reacted. The geometry of an undamaged
(i.e., unmelted)core is very susceptible to oxidation by stesm at temperatures
above 2200°F (the current Appendix K limitation for LOCA events). The very high
surface to volume ratio of the Zircaloy cladding allows sufficient contact

area for the oxidation to occur.

When an LWR undergoes 2 severe accident leading to loss of coolant, it
eventua)ly reaches the stage 2t which the primary water is gradually boiled

away leaving the core uncovered. For rapid blowdown events such as a .arge-break
LOCA, accumulator injection will refil] the core. 1f the low pressure injection
system then fails, the core water will boil off slowly at ambient pressure.
Boilaway times from the top of the core 0 the bottom are of the order of 20-40

minutes depending on the exact sequence i€ no additional water is injected into

the core by operator action (Note that 2t TMI-2 water was injected periodically

by operator action.)

State of knowledge ralculations and direct experimenta] data (PBF Severe

Fue) Damage Series I, Ex-Pile experiments at KfK in the FRG*) show that

for an unattenuated boilaway only 15-25% of the Zircaloy cladding will be

£ully oxidized prior to gross melting of the core (i.e., when temperatures

4in excess of 5000°F are reached, and failure of the lower core support

plate and lower plenum occur because of the high heatirg rate incurred.) After
gross melting and core collapse into the reactor building lower cavity, the

remaining unoxidized Zircaloy may undergo further oxidation cepending upon

sKernforschungszentrum-Karisruhe in the Federal Republic of Germany
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the availability of oxidant (steam) and the ability of the Zircaloy

(pres—ent.'n('ﬁ with a considerably lower surface to volume ratio within
a large mass of molten UDp, Zr0z, steel, etc.) to come in contact with
the steam. Very little information is available on the oxidation rate

in such a system but experiments are planned to obt2in the needed data.

For accident sequences where an unattenuated boiloff is prevented by

periodic water injections (bleed and feed), somwhat more oxidation of the
Zircaloy can be achieved prior to or without gross melting of the core.

A situation similar to this occurred at TMI-2 where~45-50% of the cladding
was Oxidized. However, there is a limit to the total oxidation possible

for this type of sequence also. Maximum ovidation (i.e., maximum Hy
production) will occur if the core is be.led down to certain water levels and
held there by feed and bleed operations. However, the water level has

to be low enough for considerable oxidation but high enough to provide 2
sufficient steaming rate to preclude gross melting of the core. Calculations
included by the Rogovin Study Group in their repo~t on Three-Mile Island
(Volume 2, Part 2, Appendix 11.8) illustrate the previous point. Figures

14, 1B, & 1C show core temperatures achieved for uncove*ies of 7-feet,
8-feet, and 9-feet respectively for the TMI-2 core. The individual curves

on each plot indicate the axial location of the position from the top of the
core. That is, 0 = top of core, 1 = one foot down from toy, 2 = two feet

down from top, etc. A1l calculaticins assumed 2 boildown to the indicated level in



20 minutes and holding at that level (presumably by bleed & feed) for an

additional 60 minutes. To interpret these curves in terms of the production
one ;ust'ﬁﬁderstand that very rapid oxidation of Zircaloy will not occur until
the Zircaloy temperature exceeds 2200°F. Using the kinetic eruation for
oxidation of Zircaloy given in NUREG/CR-0487, TREE-128B0, Revision 2, one

can calculate the percentage of cladding oxidized in one hour at various
semperatures. Table 1 shows the results at three temperatures: 1500°F ,
1830°F and 2200°F. Note that below 1500° only 2% oxidation will occur in

one hour. Since the kinetics are a function of the square root of the time,
only 2.8% oxidation will occur after 2 hours, etc. Therefore, for those regions
of the core below say 15009F, it can be safely assumed that very little Hy
will be produced (wless than 3%).

Figure 1A shows, therefore, that for seven feet of the core uncovered for
one-hour »4 feet of the cladding is potentially totally oxidizable.

That is, 2 total Hp production of only 4/12 x 100\- 33%. For eight feet
of the core uncovered (Figure 1B), 5 feet of the core could be totally
oxidized leading to « total possidble H, production from the clad of

5/12 x 100 = 42%. This latter 1se is considered to be close to what
actually happened at TMI-2. [ .e that for the above twr situations no
part of the core exceeded 4400°F which is above the cladding melting of
point but beiow the fuel (UD,) meiting point of just over 5000°F. Thus,
no gross melting of the core would have taken place except for some

dissolution of 002 into the liquid Zircaloy (in the upper two feet only).

Figure 1C shows the results for 2 nine-foot uncovery and hold. In this case

7/12 x 100 = 60% Hy would be produced. However, note that 3.5 feet of the



core will nou.reach the UO2 melting point and core collapse and gross melting

will begin. This large mass may cause failure of the lower plate and
lower plenum and lead to a2 “core on the floor" event. That is, the core
woild not be recoverable. Note 2lso that even this very severe event oxidized enly

~60% of the cladding prior to core collapse.

Therefore, it seems highly unlikely that an event can be constructed to

result in oxidation of more than about 50-60% of the cladding and still meintain

the core in a recoverable state (i.e., no gross melting and relocation).

Experimental da2ta to confirm such analyses will de performed on fuﬂ-'lenﬁth

fuel bundles by NRC in the NRU reactor in Canada over the next year. Follow-on

tests will be needed to confirm the calculations for various uncovery Tevels.
Table 1. Percent Cladding Oxidized at Various

Temperatures in One Hour

Temperature Present Clad
(°F) Oxidized
2200 (1200%) 20.5
1830 (IOOOOC) 7.8

1500 (800°C) 2.1
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Recident Likelihood and Potential for “"Arrested” Seguences in PuRs with Large,

Dry Containlnents

Since the time of the original staff proposals on interim hyvdrogen rulemaking
(SECY B1-2454), 2 considerable amount of analysis has been performed with re-
spect to the 19kelihood of severe accident sequences in PWRs with large dry
contzinments. A number of PRAs have been performed under the sponsorship of
both the NRC and wtilities, and have identified those sequences which
rontribute most importantly to the respective estimates of the freguency of
core melting. Such information has been catalogued and studied 2s one task of
{he RES-sponsored Accident Sequence Evaluation Program (ASEP), Based on this
cutalooue, it has been determined that transient-initiated accidents and small
LOCAs are, in general, the most important types of sequences in most PWRs.
More spec fically, ASEP identified five accident sequences which are generally
jmportant to the cheracterization of the core melt freguency in PWRs. These

sequences are:

- Transient without early emergency core cooling

- Transient-induced LOCA without early emergency core cooling

- Sma1)l pipe preak LOCA without early emergency core cooling

- Trensiemt without reactor shutdown (ATWS)

- Transient without early emergency core cooling and without contain-

ment heat removal.

ENCLOSURE "3




An important characteristic of these sequences (except ATWS) is that the loss

of weter from the reactor coolant system is rather gradus), and thus the pro-
cesses of core uncovery, core damege, and gross core melting can be protracted.
For this resson, there can be 2 significant potential for operatnr intervention
to restore cooling of the fuel. In genmerzl, this recovery potential has not
been included in published PRAs. One exception to this is the incorporztion of
the recovery of offsite electric power during & station biackout sccident
weguence. In this sequence, 8 recovery probability (as a function of time)

based on historical date is typically included.

The potential benefit of accounting for operator recovery ections has been
evaluzted as part of the NRC-spomscred IREP PRE of the Arkansas Nuclear One
(ANO) Unit 1 plant. In this study, faults which by themselves or in com-
bination with cther faults couid lead to failures of important systems were
categorized as recoverable or non-recoverzble (e.g., &n inadvertently closed
valve was recoverzble, & plugged valve was not). For ezch recoverable fault, 2
recovery location was identified and 2 critica) time developed, besed on how
guickly the specific associated function had to be restored, The latter time
wes based on the onset of an “unacceptzble® core concition. for the IREP
study, the unacceptable condition was specified as core uncovery, which for
transient events and small LOCAs occurred in roughly forty minutes. Using this
deta and generz] datz on the prodabilities cf humen restoration actions 2s
functions of time, 2 recovery probability wes developed for each recoverable

fault.



Since the publication of the ANO IREP, this amalysis has been extended to con-
cider restoretion times correlated to an unacceptable core condition de’ined as
orset of core melting, rather than core uncovery. in effect, this extended the
recovery time for small LOCAs and tramsients (includirg loss and subseguent
recovery of offsite power) from roughly forty minutes to 2 time on the order of
seventy minutes. Table 1 displays the results of these anzlyses.

In addition to these assessments of recovery potential, the ANO IREP alsc iden-
tified two eccident seguences in which i1 was possible that the operezble core
cooling equipment might be adequate to prevent gross core melting, even though
it would apparently not prevent core uncovery. In Tabis 1, the last column
(“alternztive success criterion”) includes this possible effect for the two

specific secuences.

The table 1 results suggest several conclusions. With respect to operator

recovery actions, it appears that, for this AND case study:

- operator recovery acticns before core uncovery can have 2 significant

effect on estimates of core melt frequency; and

- if recovery sctions have not occurred by the time of core uncovery, it is
unlikely that such actions will be taken pefore the onset of gross core

melting.



The second conclusion =esults from two factors. First, many recoverable faults
can be nctj‘ud very quickly, and, 2s such, are accounted for in the pre-core
uncove.y piuase (thus the first conclusion). As time proceeds, however, the
incrementz] changes in p:rhability due to recovery actions decrease rapidly.
That is, the recovery mode] corresponds to the intuitive concept that if the
operators have been unable to correctly diagnose and account for initial faults
by the time the core is firet uncovered, then the likelihood of such actions by
the time of gross core meiting is relativeiy low. In addition, as such credit
for recovery actiors decresses the effect of recoverable faults, non-recoverszble
faults become increasingly more important and finzlly prevent any further gain.
Thus, 2s Tabie 1 shows, the only incrementa] reduction in probability occurs in
the station blackout sequence (T(LOP) TFW TTT SPRATS WEL)® due to the sorewhat
greater likelihood of offsite power restoration prior to core melting. The
inclusion of the probability reduction due to an 21ternative success criterion
for two sequences has & more pronounced effect, bu: the overall reduction still

remzins rather small.

In summary, for this case study, it cad de concluded that recovery actions are
2 significant factor in preventing severe core damege. However, such actions
are most likely to occur before any damage has occurred (i.e., before core
uncovery). If the accident has progressed to the point of initial core
yncovery, then, under the assumptions used for this casc study, it has rela-

tively 1ittle chance of be’ng arrested be“ore gross core melting.
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SLOCA (1.2
SIOCA (1.7
SLOCA (4)

T(LoP)
1{A3)
T(po1
1(p02
T(FIA

Tt
TR
SPRAVS
7RV
KFW
RBT

Small LOCA
Small LOCA
Small LOCA

Transient initiated by loss of‘offsite power

A" - 1,2"
1.2" - 1.7
1.7" - 4%)

TARLE 1 (continued)

4

TERMS

Transient initiated by fatlure of 4160 VAC bus A3

Transient initiated by failure of 125 VDC bus DOl

Transient initiated by failure of 125 VOC bas D02

Transient with all front-line systems (ECC, AFW,

fnitially available

Fallure of emergency core cuoling system in

injection mode

Failur. of emergency core cooling system in

recirculation mode

Failure of containment spray system

Stuck-open safety/relief valve

Fatlure of auxiliary'feeduater system

Failure of containment fan cooling system

ete.)
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STATUS OF BYDROGEN CONTROL ISLUE ARD RULEMAKING
RECOMMENDATIONS IN SECY-E3-357-A

To inform the Commission of the beckground anc besis for the
propose) thet rulemiking with reperd to hydrogen contrcl for
Lwks with large, ¢ry contaimnments can be safely deferred.

in my memorandun of March 15, 1984, (see Enclosure *A"), 1

informec you of recent test irnformation developed 2t the Kevade
Test Stetion (KTS) and indiceted thet 1t warranted further con-
siderztion prior to your decision on the -Hydrogen Lontrol Rule
(SECY-B3-357). The two major issues concerr 2ctions toc be taken
on the Mirk 111 BWRs end dce condenser PWRs, included in the
Hydrogen Control Rule, and orn the LWRs with large, dry contein-
ments. With this Information Paper, “he staff provides the
background end besis for the proposel thet rulemeking with re-
gerc to hydrogen cortrol for Lwks with lerpge, dry conteinmerts
cen be sefely deferred pending completion of the ongeing NRC-
end industry-sponsored research programs. ,
Since my FKarch 15, 1884 memorandum wes written, the steff, in
conjunction with industriel participents, hes completed 2 pre-
liminary review of the KTS test dete. A summary and description
of preliminary results from the NTS program is given in Encle-
sure *B*. The program involved 2 series of hydrogen combustion
tests at premixed hydrogen concemtrations varying from 5 to 13
volume percent hydrogcen, with different amounts of stewn pre-
sent, 25 well 2s tests in which hydrogen wes continuously dn-
jected et different retes. As incdiceted in my Merch 15, 1884
memorandum, the electrice] cables appeared to suffer damege dur-
fng the tests 2t the higher hydrogen concentritions. Post test
examinzgtion tests heve since n performed on the eleciric
cebles to deterrine the extent of this danage. The steft review
of the results of the post test examinmetion of the catles is
given 4n Enclozure "C". beceuse the cebles “‘were not erergized
during the hycdrogen burns, it is not possible 2fter the 1act to

¥. Flsishman, RES *

443-7616
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demonstrzte conclusively that the cables would have functioned
during the burn. However, while theye w2s clearly externs] dam-
sce to cebles that burned at both and 13 volume percent hy-
drogen, the post test examination /reveaied that the class 1E
cebles were still able to function. As indiceted in Enclosure
*C*, the ceble test procedures included imiersion of the cables

~4n weter while AC and OC voltege wes applied. Some of the
cebles in the KTS tests had Jeckets that were damaged in ¢ simi-
Jer menner to those &t TMI-2 which also passed subsequent elec-
tricel tests.

In sodition to the post test examinetions discussed sbove, the
stef{ has performed its own preliminary review end anelysis ot
the KTS test deta and hes had many discussions with EPRI nglrd- As an
ing the interpretation of the deta. The staff has concluded \ 0.4
% i

that the NTS experiments were not @

ecuvipment survivability in the ondenser PWRs and Mark 111
BWRs because of differenc tween the test conditions and
actuzl plant oonditions. The hydrogen cor ng

trg) pystem be

required by the Hydrogen CTontrol Rule tnd'bg% ac- , -
tice will effectively limit o MR combustiongio hydrogen of :
concentretions of roughly 5 to ¢ percent. There wes B rmmd
cent ceble buriing below 10 volume percent hydrogen in the KTS \olomes
tests. Eouipnent feilures et lower hydrogen concentrations im
testy are eved¥to be the result of “system* fail-
ures, such 2s 4mproper imstallztion, end were mot releted %o
hydrogen combustion. The NTS dete should, therefore, prove to
be most wuseful not for a2 direct indicetion. of equipment
survivebility, but as & validetion of the sn2lytical mndels that
ere being used to predict hydrogen burn phenomenz and equipmeni
response. No information has been uncovered to date which would
lesd the staff to conclude thet the requirements of the Hydrogen
Control Rule could mot ve ressonzbly met by the ice condenser
P¥Rs and Mark 111 BiRs. The NTS detez is still under?oing inten-
sive review end additiona]l testing and anelysis 4s planned. The
results ere bei g closely monitored regerding their implications
relative to the Hydrogen Control Rule.

To put the NTS tests into perspective with regard to the Hydrogen
Contrcl Pule mow before you, the hydrogen concentration result-
ing from the oxidetion of 75% of the cladding in 2 PWR with @
large, dry or substmospheric contezinment would vary from epprox-
fmetely 9.7% for & plant like Zion to 14.8% for 2 plent ke
Surrey-3. These figures for volume percent hydrogen do mot in-
clude the effects o any steam which would be relessed during
the accident radsing the contzinment pressure and reducing the
hyérogen concentration. Hydrogen {s a2ssumed to be homogeneous 1y
mixed when calculating the volune percent, however, the issue of
hydrogen stretificetion is receiving study in the researcn pro-
gram. Recen. saelyses of the accident 2. THMI-Z estimate the
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tote) hydrogen released at epproximetely S00-1,000 Ybs or the
equivelent of 45-50% cled-oxidetion. This number probebly ep-
proeches ern wpper 1imit for 2 degraded-core accident, that is,
higher cle¢ oxidation percentages are only to be found with
core-melt eccidents. Enclosure *D* provides the turrent stoff
understencing reletive to hydrogen produc ‘on in LWRK systems
guring severe accidents. It s seen thet . would be un fkely
“to heve more than about 60% clad-oxiderion prior to gross
pelting of the core. Furthermore, for this to occur, 9t re-
quires a feed and bleed type of situetion to meximize oxidation
while preverting full core melting. The weter level 45 thus
meirteined 2t some optimum pesition for meximum h ¢rogen produc-
tior, es occurred during the THI-2 accident. Jf no weter is
injected eand the core proceeds directly to meltdown, it is ex-
pected thet sigrificantly Jess than 60% cled-oxidztion woulc
teke place (see Enclosure "D*). Recently completed PRA studies
on PWRs t:ith large, dry contaimments (Enclosure *E") indicete
thet, notwithstanding what occurred st THI-2, 4t is reletively
unlikely thet recovery will take place once initi2l core
uncovery hes commencec. Thus, while 4n_the hycrogen rule the
steff hes corservetively essumed & 75% mete)-weiter resction for
the purpcses of design of the hydrogen contro) syster and equip~
mert quelificztion, the staff belicves thet it is urlikely thet
¢ 75% clad-oxidation can occur. Therefore, we st411 believe

1h§t ¢ 75% cled-oxidetion provides a conservetive besis for the
rule.

Our proposels with regard to the two issues or clesses of reac-
tors are &s follows:

1. Regerding the Mark 111 BWRs end fice condenser PiRs,

SECY-E3-357A recommends that the Commission approve the
Kydrogen Control Rule. -

¢. Un pege 4 of Enclosure “F*, SECY-B3-357A, the third sen-

tence in the middle peregreph hes been modified so as to

reed (new words ere underlined), *"Dry conteinment designs

heve @ grezter inmherent cepebility to eccamodete Terge

quantities of hydrogen because of their high design pres-

sure end Terge wvolume; therefore, for these designs the

Commission believes that rulemeking with regerd to hydrogen

control cen be sefely deferred pending completion of NRC-

end industry-sponsored reseerch which includes studving the

. effects ofhhvérogen burnin

€CLE On equipment Surviva
lew

Ty,

We will continue to monitor the evaluztion of the K15 date

concermn? ey fmplications regarding equipment
survivebility.

Regerding LWRs with large, dry conteinments, the primary .:oncgm,w
dalois with hydrogen combustion et high concerirstions. Becevse of

qﬁ:: RTS y



The Commissioners wlle

mvd“ t
the preliminary review indicating thatb,o{{equipment could sur-
vive 2 burn 2t high concentration &nd Mecause of the smell like-|
1ihood thet @ high concentration of hydrogea could be achieved,
we recommend that the Commission defer action on the large, dry
conteinment LWRs until completion of the KAl camtedadustens ¢xper-
iment2] end enzlytical progrm currently underwzy. The NKRC
prograr is intended to supplement the NTS experiments &nd pro-
vide ‘turther experimental dets for determing equipment,
survivatility in event of & hydrogen burn. Heat transfer to
equipmen: and the resulting temperatures mezsured 2t loc2tions
in the dwar of the NTS experimants sre to be eveluzted this
summer as EPRI completes their date recuction and mekes Bk Sl
warrpel pres available to the NRC steff. The results of

¢ fest enelysis wil be used to validate or revise the therma] models
f” in the HECTR and HYBER Ecquipment Response Codes used for pre-
dicting equipment temperatures in & hydrogen burn. Separete

effects experiments are to oe run by the NRC 2t the Sendie solar

radiation facilities exposing cevles and equipment to time de-

pendent heat fluxes, environments, end imitie] temperatures sim-

— uleting those measured in the NTS experiments. The scoler facil-
ity will then be used to expose energized cables and active

equipment in prototypic configurations to ¢ heat flux predictec
for 2 hydrogen burn in & full-scale contzinment compartm:nt.
hdditiona) tests will be made with cables and eguipment to as-
sess the protective factor provided by enclosing cables in con

duits, treys or using heat shields; the cooling provided by con- \h‘u'
tzinment sprays; and the safety margin between the Wm{t‘_ er

which equipment fails or malfunctions and that predigfed for &

hydrogen burn in 2 full-scele conteinment. The codeMdevelopment

_ ! and arate effects experimental results will provide input to

firm analytical W v, AVEHS SRR WO a5 00 st
Ay —

| ‘z vsed f:“ [ | aaimwnpe~.  The separate >ffects tests are scheduled to be com-
vafe the i ‘pleted in Fedbruary 19t and the arzlyticel evelustions for

spov‘c of ciw'fnmf i equipment survivability in full-scele conteinments, using vel-
' idated codes, by the end of May 1985,

{ 1 will continve to keep ynu advised of sny significant develop-
ments related to the hyd..gen control rogram and will provide
recommendetions for rulemeking releted to LWRs with large, dry

contzinments #%t ¢ . conclusion of the ongoing research in early
, 1988,

William J. Dircks
Executive Director for Operaticns
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Results
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MEMORANDUM FOR: Chairman Palladine
Commissioner G11insky
Comissioner Roberts
Commit.ioner Asselstine
Commissioner Berntha)

FROM: Willam J. Dircks
Executive Director for Uperations : .
SUBJECLT: RECOMMENDATION TO DEFER DECISION DN FINAL HYDROGEN CONTROL

RULE (SECY-83-357)

Tie Commission has scheduled an affirmation/discussion and vote on the final
Hydrogen Control Rule (SECY-83-357) for March 16, 1984. This memorandum {s to
{nform you of recent test information which I believe warrants further
consideration prior to your decisfion on SECY-E3.357.

As pert of a cooperative large-scale experimental program st the Revade Test
Station, EPR] has recently completed ¢ series of hydrogen combustion tests in
2 52-foot diameter dewar. The objectives of this resesrch program were to
confirm test date on hyd-ogen combustion taken at smalier scale, assess the
effects of igniter location on burning and obtain some generic information on
the performance and therme] response of selected nuclear plant equipment under
2 nn?e of hydrogen burn conditions. Preliwinery observations (Enclosures 1, 2
and 3) indicate thet there may be 2 potential problem regerding the behavior of
electrica) cables during @ hydrogen burn at a hyd concentration of 13
percent. It should also be noted that after emtry into TMI-2 following the
accident, damage was observed to the electrical cables.

The KRC staff and the contractors are currently 4n the process of smelyzing
the detz in detail and evaluating the uncertainties and fmplications of the
EPR] tests. This review will include 2)) the equipment identified in
Attachment 1 of Enclosure 1. I will continue to keep you advised on this
matter as the post-test analyses are conducted and will provide recommenda-
tions to you on how and when to proceed with SECY-E3.357.

Cymed Wikas 1 Didks
¥114am J. Dircks

Executive Director
for Operations

Enclosures: See next page

ENCLOSURE "A"
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1. Memo 12/19/83 6. Sliter to
Distribution w/2 att

2. Memo 2/17784 G. Sliter w0
Distridbution w/é att

3. Memo 2/16/84 R. Curtis to
Y. Benaroys, W. Butler,
K. Kniel & V. Noovnan
w/ encl
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SUMMARY OF PRELIMINARY RESULTS FROM THE EPRI

NEVADA TEST STATION PROGRAM

The objec.ive of the NTS test program was to Study hydrogen burning 1o @&
elative'y large enclosure and to determine effects of the resulting
e wirormaent on survival of safety related equipment. The tests were performed
in @ spherica) vesrel of approximately 52 feet diameter. The vessel was
wenbonpiwess instrumented so that the most important parameters characterizing
the hydrogen burn enviromment could be measured. The equipment exposed to the
hydrogen burn was mounted on & special platform located at the center of the
sphere. It consisted of severz] types of pressure transmitters, solenoid
valves, motor operated valves, 1imit switches, fan motors, dgnitors,
penetrations, RTD's and cables made by seversl different manufacturers. The
tested equipment was operstionz] during the tests with the exception of the
cables which were spliced in closed loops and did mot carry any current. All
the eguipment lested was new and unaged.

The NTS test program consisted of 40 separ,
premixec with 2ir and steam before ignit
fgnited during the test. The test
§-13 v/o, steam concentration of and rates of hydrogen in continuous
injection tests of .4 - 3.2 kg/minute. MWater sprays and mixing fans were
used during some of the tests. The egquipment wes present in 15 tests (bot.i
‘;e;?nixec and continuous injection) inclycding the tests with 13 v/o @& hydrogen.
ch piece of eguipment was exposed to fseverai| tests and was replaced only when
it exhibited signs of failure. In mar] Pects the conditions to which the
equipment was exposed were more severe than the conditions anticipat
in an actual plant duri hydrogen burn. Ng he _cable acra
clg pops l1oc2 enter of the test sp

n nuciear pian ~
083 teinmﬂé. nt was located in a plume of hol gases generated by burning

hycrogen and did not have heat sinks which would be present 1f the eguipment
were mounted on the walls of the vessel.

tests. In 24 tests hydrogen was
nd in 16 tests 1t was continuously
covered hydrogen concentrations of

On the other hand the
initial temperature of thé equipment was lower than it would have been in 2
post-LOCA condition and because of| the W;;y_tugu_‘g
Lauipment was lower. These factors introduced some degree of non-conservatisms
to the tests.

At present the recorded test datz are still being evaluzted and & relatively
Timited amount of mostly quelitative results are aveilable. In general, for
the pemixed tests with hydrogen comcentrations equa] to or below 10 v/o most
of the eguipment did not exhibit significant signs of degradation and with few
exceptions did not lose their operatiomal capability. This happened despite
the fact that some temperatures exceedad post-LOCE gualification limits.
Similarly 4n the continuous 9Ynjection tests wost equipment performed
satisfactorily.

“+ the hydrogen concentrations higher than 10 v/o the numbers of pieces of
-yuipment e:aibitiac apparent mal unctions incraased although a majority of the

equipment still performed satisfactorily. KAJC, 4. _u\‘ C‘FQ(*’ :-F

“ (e C!\.
ENCLOSURE "B" LM viTean
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The most severe environmentdto which thé equjfment was exposed was @ premixed
burning with and without wate: sprays at 13/v/o hydrogen. During these tests
operability was significantly degraded. A
?m pf uf;er intp _pstrument boxesy At this concentration cable insu-
ation exposed to hyarogen flames started to burn leaving 1ts outer surface
charred, but mot exposing bare conductors. EPRI ascribed many fr.trument faii-

ures to fmproper installation and pointed cut that most of the instruments un-
derwent several tests and so the damage might have been cumulative.

EPR] {s planning to issue @ preliminary draft of the data eveluation report in
the middle of June 1984, This draft will contain only a partial evaluation.
The complete evaluation of the data is expected t¢ be accomplished by the end
of 1884,

ENCLOSURE *"B"
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MEMORANDUN FOR: Those on Attached List
FROM: W. S. Fermer, RES
SUBJECT: REPORT OF MAY 10 MEETING WITH EPRI AND

ELECTRO-TEST TO REVIEW HYDROGEN BURN CABLE
POST-TEST EXAMINATION RESULTS

A meeting was held on May 10 2t the Electro-Test Inc. test laboretories in
San Ramon, California, to review the results of post-test examinztion of
cadble and splice specimens which had been exposed to hydrogen burn tests in
the NTS facility. Electro-Test had completed anm AC withstand test, IR
measurement and DC withstand test for 56 cable specimens, 3 Raychem Class
1E splices and 5 srmor splices. Still to be tested are the CONAX and
pestinghouse electrice) penetrations and the remzining three 48 conductor
Firewz!l 111 cable specimens (cable type §). A1l MV power, LV power anc
control cable specimens tested to date were found to d‘spley adequate
insulation resistance and could be expected to function. A1l four
specimens of the Rockbestos 1KB coaxial cable (cable type 4) failed the
electrical tests. In two finstances the center conductor was exposed.
Individua] Rockbestos coaxiel cable specimens had seen premixed hydrogen
purns st B, 10 and 13%. Also, one of the four Raychem XLPE coaxial cable
specimens (cable type 9) failed the electrical tests. The failure of the
cable type § coexia)l cable specimen wes identified 2s & short between one
of the conductors and the praided shield. Kigh voltage cosxiel cables are
norma1ly used in conjunction with meutron-monitoring instrumentation.

In & telephone conversation on May 16, Dr. George Sliter of EPRI stated
that EPR] had¢ contacted Rockbestos and was told that Rockbestos IKB coaxie)
cable had been found in 1980 tests to fai) when heated due to differential
thermal expension of the conductor rasulting in perforation of the
insulation and wire "kinking.” These cables are no lTonger manufactured and
are not considered Class 1E. Why MPRL supplied them for the t-sts is

v (12 oaxiz] cable failure | herefor he _OF

e other three Raychem coaxie. CRDies passed the electrica -
sample which failed will be destructively analyzed to see if the cadble had
2 flaw or was out of specification. It was also reported in this
conversation that Electro-Test had completed testing of the remeining three
48 conductor Firewal) 111 Rockbestos cables (Type 5) and a1l had passed the
ctor that failed out of &8 {p _the 1y :

ENCLOSURE “C*
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The cable specimens were clustered in seven stacks on the bench for visual
inspection (Figure 1). The first stack represented cebles removed after
test #5 (B% hydrogen premixed burn). The jackets on these cables showed
Tittle or no damege. The second stack represented cebles removed after
test #6 'B% hydrogen burn). Seversl of the jackets had splits. However,
the surface of the jackets exhibited 1ittie or mo charring. The remeining
five stacks represented cebles removed a7ter test B, test 9, test 1], test
14 and test 15 and, accordingly, saw 10% to 13% hydrogen burns. The cable
jacket damage increased significantly as the hydrogen volume percentage in
the burns wes increased from B to 13%. It should be noted that the cabdle
jeckets provide primerily for mechanical protection. The dnsulation
underneath, which assures the electrical function, appeared unaffected in
visual observations. '

The 3 Raychem splices that were tested 211 passed the electrical tests and
are reported to have been made up as Class 1E in accordance with Rockbestos
instructions. The 5 armor cover.d splices provided by Duke Power al)
passed the electrice] tests although the srmor enclosures contained water
and appesr to heve lesked at the cover gasket. The use of metal enclosures
protects the Raychem wire splices inside from the heat and flame of the
‘ ydrogen burn and 2ccordingly they were unaffected. However, this does not
apnear to be & design used extensively at other nuclesr facilities.

In conclusion, except for the one Raychem coexial cahlz Type 9 snd the one
conductor in the Firewall 11! sample Type 5B, all cables passed the post
test examinztion electrical tests and could be expected to function in the
event of 2 hydrogen burn &t up to 13% hydrogen in the NTS facility. Those
splices which EPkl W4 fdentified as Class 1E also passed the post tast
examination electrice. tests and could te expected to function. The cable
jackets displayed progressively incressed damege as the percent hydrogen in
the burns increased from B to 13%. However, the jackets provide primarily
mechanice] protection and appesr to heve protected the dinsulation
undernezth from damsge. There does not eppear to be eany weasurable
gradation in damage to *he fnsulation with severity of hyCrogen burn in the
NTS tests. The results of the post-test examinition of cables from NTS
appear similar to that from TMI-2 where jackets were 2150 damaged but the
insulation was undamaged and the cables yassed electrical tests.
Electro-Test conducted their tests in accordance with good accepted
practice.

It was recommended that EPRI consider testing some of the coaxial and
triaxial cables by freguency scenning tur signals transmission degradation
ard attenuetion. This would detect degradetion that might not be apparent
from the electrical tests. It would elso be of interest to obtain physical
property (elongation and tensile strength) measurements of the insulation
on some of the TMI cables supplied to NTS inm order to compare their

property clunE with that mezsured st HEDL. A request for cable samples to
be sent to HEDL will be made to EPRI.
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The cables and splices were 21) believed by EPR! to be Class 1E. However,
documentation w2s not alweys provided by the supplying wtilities. This
documentation should be obtained or the wutility be contacted and the
categorization of the cables and splices confirmed.

The importance of the coaxiel cable feilures has been downgraded by the
recent (5/16/84) phone conversation with EPRI. It now eppeers that 2l
Class 1E cables have been shown to pass electrical function tests with the
exception of one condustor in one of the four 48 conductor Firewel) 11]
cables and one conductor in a2 Raychem coaxie)l ceble. Further desiiuctive
examination of both is to be conducted by EPR] to determine whether the
feilures were due to flaws 1n the cable as suppifed at the factory.

Grizin! Signet By:

William S. Farmer

Electrical Engineering
Instrumentation & Control Branch

Division of Engineering Technology

Office of RKucleer Regulatory Research

Enclosures:

1. List of Cable Specimens
(from EPRI QOLR)

2. Cable Quick Look Conditions
(from EPR] QLR)

3. Electro-Test Inc. Cable Test
Procedures

I3 Electro-Test Inc. Cable
Electricel Measurements

5 Attendance List, Meeting
on May 10, 1884,
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ENCLOSURE 3

— e Electro-Test Inc. Cable Test Procedures

1. AL rated voltage withstand test at 60 cycles by fmmersing cables
in water “or 5 minutes.

2. IR test at 300 or 500 volts DC in accordance with IPCEA Standard.

3. DC voltage withstand test in water at 3 times AL test voltage for

g‘ l;wtes in accordance with IPCEA S$-19-8] Rubber-Insulated Wire
b ‘.

The ends of the cable insulation were clezned, & heat shrink sleeve
put on and a guard circuit set up. Surface leskage current wes
negligible in water immersion tests to determine lezkage current
throur* tho fnsulation. Multiconductor cable tests consisted of
t-.ting & s'ngle conductor and grounding the remainder.



ENCLOSURE 4

Electro-Test Inc, Cable Electrice) Measurements

Cables: :
i. AL rated woltage test

. < lm 5€ cable specimens
" > S me 5 cable specimens (4R, 4B, &C, 4D § 9C)
*  Not yet tested 3 cable specimens (54, SC & 5D)
2. Insuletion Resistance (IR) at 300 or SO0V DC
¢ 50 K megohm to 100 K megohm 49 cable specimens
' 1 K megohm to 45 K megohm 5 cable specimens
. 75 wmegohm to 1 K megohm 2 cable specimens
¢ <] megohm 5 cable specimens

(44, 48, 4C, 4D & 9C)
3. DC woltage withstand test at 3X voltage

¢ < .5y §2 ceble specimens
® > .5yt dut < 70y 3 cable specimens
® > 5000 pe € cable specimens

(4A, 4B, 4C, 4D, SC & 58)
Note:
1. Cable Type 5 specimen was under test. One of the

48 wires did not pess the DC voltage withstand test
and had & leakage current of » 5000 wa.

Splices:
Worst case values from tests of Raychem Class 1E splices with cables attached:
Cable Type AC IR ol Cable Description
ne megohm v
64 .15 100K 01 3 cond/10/1000V Rockbestos
104 .15 75K .04 4 cond/12/1000V Dkonite
11A .15 » 100K 035 3 cond/10/1000V Okonite

Worst case values for Duke supplied armor protected splices with cables
sttached:

Cable Type AC IR DC Cable Description
" -eggf‘n ve

21 .12 .02 1 cond/19/1000V Brand Rex

22 .05 > 50K .02 4 cond/16/300V Eaton

23 .De > 50K >.01 2 cond/16/300V Brand Mex

24 .14 > 50K 01 3¢ WLt

2% .14 > 50K .03 3 co. . v LDV JaucOngs
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THE PROODUCTION OF Mo, IN LWR SYSTEMS DURING SEVERE ACCIDENTS

The early production of "2 in LWR systems during & severe accident is mainly caused
by the oxidation of the Zircaloy cladding by steam. This reaction produces

one Hp molecyle for every steam wolecule reacted. The geometry of an undamaged
(i.e., unmelted core) s very susceptible to oxidation by steam at temperatures
above 2200°F (the current Appendix K limitation for LOCA events). The very high
surface to volume ratio of the Zircaloy cladding allows sufficient contact

area for the oxidation to occur.

When an LWR undergoes a severe accident leading to loss of coolant, 1t
eventually reuch;’m stage at which the primary water is graduzlly boiled

awzy leaving the core uncovered. For rapid blowdown events such as @ large-break
LDCA, accumulator injection will refill the core. If the Tow pressure injection
system then fails, the core water will boil off slowly at ambient pressure.
Boilaway times from the top of the core to the bottom are of the order of 20-40
minutes depending on the exact sequence if no additions] water is injected into

the core by operator action (Note that at TMI-2 water was injected periodically

by operator action.)

State of knowledge calculations and direct experiment2] data (PBF Severe
Fuel Damage Series 1, Ex-Pile experiments at KfK in the FRG*) show that

for an unattenuated boilaway only 15-25% of the Zirceloy cladding will be
fully oxidized prior to gross melting of the core (1.e., when temperatures

in excess of 5000°F gre resched, and failure of the lower core support

/

plate and lower plenum occur because of the high hesting rate incurred.) After = '

gross melting and core collapse into the reactor building Tower cavity, the
remaining unoxidized 2ircaloy mey undergo further oxidation depending upon

*Lernforschungszentrum-Karisruhe in the Federal Republic of Germany

Enclosure "D*




-f-

the availability of oxidant (steam) and the ability of the 2ircaloy
(present now with a considerably lower surface to volume ratio within
& larpe mass of molten UD,, Zr0z, steel, etc.) to come in contact with
the steam. Very little information is available on the oxidation rate
in such a system but experiments are planned to obtain the meeded data.

For accident sequences where an unattenusted boiloff is prevented by

periodic water injections (bleed and feed), somwhat more oxidation of the
Zirceloy can be achieved prior to or without gross melting of the core.

A situztion similar to this occurred 8t TMI-2 where ~45-502 of the cladding
was oxidized. However, . is 2 limit to the total oxidation possible

for this type of sequence 2i»0. Maximum oxidation (i.¢., maximum
production) will occur {f the core is boiled down to certain water levels and
held there by feed and bleed operations. However, the water level has

to be lTow enough for considerable oxidetion but high enough to provide 2
sufficient steaming rate to preclude gross melting of the core. Calculations
included by the Rogovin Study Group in their report on Three-Mile Island
(Volume 2, Part 2, Appendix 11.8) 11lustrate the previous point. Figures

14, 1B, & 1T show core temperatures achieved for uncoveries of 7-feet,
8-feet, and 9-feet respectively for the TMI-2 core. The in2ividuz) curves
on each plot indicate the axial location of the position from the top of the
core. That is, 0 = top of core, 1 = one foot down from top, 2 = two feet
down from top, etc. All calculations assumed & boildown tv the indicated level in



20 minutes and holding 2t that level (presumably by bleed & feed) for an
edditiona] 60 minutes. To interpret iizic curves in terms of the production
one must understand that very rapid oxidation of Zircaloy will mot occur until
the Zimlioy temperature exceeds 2200°F. Using the kinetic equation for
oxidation of Zircaloy given in NUREG/CR-0497, TREE-1280, Revision 2, one

can calculate the percentage of cladding oxidized in one hour 2t various
temperatures. Table 1 shows the results st three temperatures: 1500%F,
1830°F and 2200°F. Note that below 1500° only 2% uxidetion will occur in

one hour. Since the kinetics are a function of the square root of the time,
only 2.8% oxidation will occur after 2 hours, etc. Therefore, for those regions
of the core below say 1500°F, 1t can be safely assumed that very Tittle H,

will be produced ¢vless than 33).

Figure 1A shows, therefore, that for seven feet of the core uncovered for
one-hour ~& feet of the cladding is potentially totally oxidizable.

That is, & total Hy production of only 4/12 » 100 = 33%. For eight feet
of the core uncovered (Figure 1B), 5 feet of the core could be totally
oxidized leading to a total possible H, production from the clad of

§/12 x 100 = 423. This latter case is considered to be close to what
actually happened 2t TMI-2. Note that for the above two situations no
part of the core exceeded &4400°F which is above the cladding melting of
point but below the fuel (UD,) melting point of just over SD00°F. Thus,
no gross melting of the core would have taken place except 1or some

dissolution of 002 §nto the liguid 2Zircaloy (in the upper two feet only).

Figure 1C shows the results for & nine-foot uncovery and hold. In this case
7/12 x 100 = 603 Hp would be prociuces. Howaver, wote L.t .5 feet of L.



core will nou mcn the uoz melting point and core collapse and gross melting

will begin. This large m3sis may ceuse failure of the lo!nr plate and

lower plenum and lead to & “core on the floor" event. Thet is, the core

would not be recoverable. Hute 2150 that even this very severe event oxidized only

~v§0% of the clasiing prior to cure collapse.

Therefore, it seems highly wunlirely that an event can be constructed to

result in oxidation of more than about 50-60% of the cladding and still maintain

the core in & recoverable state (i.e., no gross melting and relocation).

Experinental datz to confirm such analyses will be perforwmed on full-length

fue)l buzdles by NRC in the NRU reactor in Canada over the next year. Follow-on

tests will be needed to confirm the calculations for various uncovery levels.
Table 1. Percent Cladding Oxidized at Various

Teaperatures in One ‘sour

Temperature Present Clad
% i PV 0x1dized
2200 (1200%C) 20.5
1830 (1000 €) 7.8

15006 (800°C) 2.1
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Accident Likelihood and Potentia] for "Arrested” Seguences in PWRs with Levge,

Dry (ontainments

Since the time of the origina] staff proposals on imterim hydrogen rulemeking
(SECY B1-245A), 2 considerable amount of amalysis has been performed with re-
spect to the Y4kelinood of severe accident sequerces in PWRs with large dry
contzirments. A number of PRAs have been performed :mder the sponsorship of
both the NRC and utilities, and have identified those sequunces which
contribute most importantly to the respective estimates of the frequency of
core melting. Such information has been catalogued and studied es one task of
+he RES-sponsored Accident Sequence Evaluation Program (ASEP). Based on this
catelogue, 1t has been determined that trynsient-initisted sccidents and small
LOCAs are, in generz], the most important types of sequences in most PRs.
Hore specifically, ASEP ddentificd five accident sequences which ere generally
fmporiant to the cheracterization of the core melt {veguency in PWRs. These

sequences are:

- Transient without early emergency core cooling

- Transient-induced LOCA without early emergency core cooling

- Small pipe break LOCA without early emergency core cooling

-~  Transient without reactor shutdown (ATWS)

- Transient without early emergency core cooling and without contein- (

pent hest revoval,

ENCLOSURE “E*




An important characteristic of these sequences (except ATWS) 1s that the loss
of water from the reactor conlant system is rather gradual, and thus the pro-
cesces of core uncovery, core damage, ard gross core melting can be protracted.
For this reason, there can be & significant potential for operator intervention
to rest - cooling of the fuel. In gemerzl, this racovery potential has not
peen iz' Tuued in published PRAs. Omz exciption to this is the incorporation of
the recovery of offsite electrié power during a station blackout accident
sequence. In this sequence, 8 recovery prcbability (2s 2 function of time)
based on historical data is typicelly included.

The potential benefit of sccounting for operator recovery actions has been
eveluated as part of the NR' -sponsored IREP PRA of the Avkansas Nuclear Ome
(AND) Umit 1 plant. In this study, faults which by themselves or in com-
pinztion with other faults could Tead to failures of importent systems were
categorized as recoversble or non-recoverable (e.g., en inadvertently closed
valve we2s recoverzble, @ plugoed valve was not). For each recoversble fault, @
recovery locetion was {dentified and 2 critical time developed, besed on how
quicly the specific associated function had to be restored. The latter time
was based on the onset of an “unacce,table” core condition. For the IREP
study, the unacceptable condition was specified as core uncovery, which for
transient cvents and small LOCAs occurred in roughly forty minutes. Using this
data and genure] data on tae probebilities of humen restoration actions »s
functions of time, & recovery probability was developed for each recoverzble
fault.



Since the pudblication of the AND IREP, this amalysis has been extended to con-
sider restoration timy: correlated to an unacceptable core condition defined as
onset of core melting, rather than core uncovery. In effect, this extended the
recovery time for sme1l LOCAs and transients (including loss and subsequent
recovery of offsite power) from roughly forty minutes to & time on the order of
seventy minutes. Teble 1 displays the results of these analyses.

in addition to these assessmerss ¢ recovery potential, the ANO IREP also iden-
tified two accident sequences in which 1t was possible that the operable core
conling equipment might be adequate to prevemt gross core melting, even though
it would apperently not prevent core uncovery. In Table 1, the last column
(*alternative success criterion®) Includes this possible effect for the two

specific sequences.

The table 1 results suggest several conclusions. With respect to operator
recovery actions, 1t appears that, for this AND case study:

- operator recovery acticns before core uncovery can have a significant

effect on estimetes of core melt frequency; and

- {f recovery actions have not occurren by the time of core uncovery, 1t is
uilikely that such actions will be teken before the onset of gross core
melting.



The second conclusion results from two factors. First, many recoverable faults
cen be nctiﬁ'eq‘very gquickly, and, 8s such, are accounted for in the pre-core
uricovery phase (thus the first conclusion). As time proceeds, however, the
incremental changes in probability due to recovery actions decrease rapidly.
Thet is, the recovery mode! corresponds to the intuitive concept that 1f the
operztors have been uynable to correctly ~iagnose and account for initial faults
by the time the core is first uncoverrd, then the 1ikelihood of such actions by
the time of gross core melting s relatively Tow. In addition, as such credit

for recovery actions d_creases the effect of recoverable faults, non-retoverable

faults become increasingly more important and finally prevent any further gein. 1
Thus, as Table 1 shows, the only incrementz] reduction in probability cccurs in CM
the station blackout sequence (T(LOP) EFW ETT SPRAVS TET)* due to the somewhat @

grester 1ikelihood of offsite yower restoration prior to core melting. The | E ' l
inclusion of the probability reductird due to an alternative success criterion 5‘
for two seguences has 2 more pronpunced effect, but the overall reduction stii.

remaing rather small.

In summary, for this case study, 1t can be concluded that recovery actions are
a significant factor in preventing severe core damage. However, such actions
are mos* likely to occur tefore any damage has occurred (i.e., before core
uncovery). 1f the accident has progressed to the point of initial core
uncovery, then, under the assumptions used for this cezse study, 1t has rela-

tively little chance of being arrested before gross core melting.
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TARLE 1 (continued)
TERMS

Small LOCA (.a4" - 1.2'2
Small LOCA (1.2" - 1.7%)
Small LOCA (1.7" - &4")
Transient Initiated by loss of offsite power
Transient initiated by failure of 4160 VAC bus A3
Transient inftiated by failure of 125 VYDC bus DO1
Transient initiated by fatlure of 125 YDC bus DO2
Transient with all front-1ine systems (ECC, AFW, etc.)
initially avatlable

Failure of emergency core cooling system in
injection mode

Failure of emergency core cooling system in
recirculation mode

Failure of containment spray system

Stuck-open safety/relief valve
Fatlure of auxiliary feedwater system

Fatlure of containment fan cooling system
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ON
HYDROGEN CONTROL FOR MARK 111 BHRs

AND ICE CONDENSER PWRs

DECEMBER 13, 1304

MaLcorm L, "3
443-7923
Decemeer 10, 1934



STATUS OF HYDROGEN RULL
EXTENDED COMMENT PERIOD EXPIRED APRIL 8, 1982

MAJOR COMMENTS RECEIVED
o E8 VS
- DEFER TO SEVERE ACCIDENT RULEMAKING gquAéll—”y
- 75% METAL-WATER REACTION IS TOO HIG
- REQUIREMENT FOR CONTAINMENT INTEGRITY TOD ot
"RESTRICTIVE
- SHOULD NOT HAVE TO ANALYZE ALTERNATIVE SYSTEMS
- COLD SHUTDOWN IS INCONSISTENT WITH LIC. BASIS
- SCHEDULES ARE UNREALISTIC

MEETING WITH CCHMISSIONERS 11/08/83
RESPONDED TO COMMISSIONERS COMMENTS 12/28/83
INITIAL NTS TEST RESULTS ‘ JAN, 33
REQUESTED COMMISSIONERS DELAY DECISION 03/15/34

POST TEST EXAMINATIONS COMPLETED

Fosr Tesr EAmmwATRNS
oF cAatcE

fjijhr— Tesr ExAMivATONS
oF ECOvIPMENT

JULY 84

“aLcowm L. ErnsT
4437923

Decemser 10, 1934



EACKGROUND

EINAL RULE - PENDING CP/ML JANUARY 15, 1982
o  Ho CONTROL - 100% METAL-WATER REACTION

o  CONTAINMENT PRESSURE

o SYSTEM AﬁD COMPONENT FUNCTIOW

o  OTHER DEGRADED CORE ISSUES

EINAL RULE - MARK I AND 11 DECEMBER 2, 1931
o  INERT CONTAINMENT

o  RECOMBINER CAPABILITY

o  HIGHPOINT VENTS

PROPOSED RULE - MARK IT1 AND ICF COWDENCERS DECFMBER 23, 1931
(COMMENT PERIOD
o  HoCONTROL - 75% METAL-WATER EXTENDED ON
“KZACTION FEBRUARY 25, 1832)

0 EQUIPMENT CUALIFICATION
o  ANALYSES
AaLcowm L. ErnsT

443-7923
Decemser 1U, 1984



PRINCIPAI FEATURES OF RUIE

APPLIES ONLY TO MARK 111 AND ICE CONDENSER PLANTS

0

REQUIRES HYDROGEN CONTRDL SYSTEMS
- 75% FUEL CLADDING - WATER REACTION
- NO LOSS OF CONTAINMENT INTEGRITY

FUNCTIONING OF SYSTEMS AKD COMPONENTS DURING AND
AFTER HYDROGEN BURN

- WEEDED TC ESTABLISH AND MAINTAIN SAFE SHUTDOWN
AND CONTAINMENT INTEGRITY

- LOCAL DETONATIONS INCLUDED UNLESS UNLIKELY TC
OCCUR

SUPPORTING ANALYSES

IMPLEMENTATION

- SUBMIT IMPLEMENTATION SCHEDULE WITHIN © MONTHS
- MUTUAL AGREEMENT - LICENSEE AND NRC STAFF

MaLcoum L. ErnsT
4437923

Decemser 10, 194
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> VAULPATION 0F ANALYTICAL
i 1/6%4@*3 AR BASE joR ATION P roitilage

LER SCALE TEST DATA ON H A
: EST D 0 ﬁ C0 IBUSTIDN ‘ #y € -
‘ASSESS'E‘IEE'S g D L1 BERRTE

Vi a a2 %
N\\3fDER'H¥Bﬂe@fﬂ'ﬁﬁﬂﬂ'ﬁﬁﬁﬁfffﬁﬂs- AR 0 ACH

MéErsvae EOwvP FResPowsE puliwé Hy Cenrol
DEScRieTION  FAFTEE e (oMBYSTRNW EENTS

HYDROGEN COMBL.TION IN 52 D SPHERICAL VESSEL
5 - 13 V/0 Hy (PREMIXED)
5 - 40 V/0 STEAM
0.4 - 3.2 KG/MIN Ho(CONTINUOUS INJECTION)
EQUIPMENT EXPOSED TO MULTIPLE BURNS
- PRESSURE TRANSMITTERS
- VALVES
- MOTOPS
- CABLES
PENETRATION ASSEMBLIES, ETC.
gE“UIPﬁENT WAS OPERATIONAL EXCEPT FOR CAZLES ( NCLYDNG

0O O 0O 0O O

FLect®(cA &
e PenerhArONS
o  CABLES EXTERNALLY DAMAGED DURING HlGH‘fBNCENTRATION
TESTS

- POST TEST EXAMINATION REVEALED ALL BUT TWO
CABLES WERE FUNCTIONAL
o  ELECTRICAL PENETRATION ASSEMBLIES HAD 38 OF 52 LEADS
PASS POST TEST EXAMINATIONS
- NOT KNOWN IF FAILURES DUE TO SINGLE BURN OR
CUMMULATIVE EFFECT OF MULTIPLE BURNS

MaLcoum L. ERNST
443-7923
Decemper 10, 1944



STAFE CONCIUSIONS CONCERNING NTS TEST RESULTS
.

o  TESTS NOT DIRECT DEMONSTRATIOK OF EAUIPMENT SURVIVABILITY
DUE TO DIFFERENCES IN SCALE AND CONDITIONS

. s g5 000 €7

LOCATIONS OF EQUIPMENT
- st (Mo PasS £T PRESENT 7/7'16)
ENUIPMENT NOT AGED

CABLES NOT ENCLOSED I coipuiTs (érecPrion) oF
eren cABE)

CABLES NOT ENERGIZED

- e —

WATER SPRAYS NOT AS DENSE
o  SOME TEST CONDITIONS CONSERVATIVE, SOME NOWCOWSERVATIVE

MaLcowm L. ErneT
443-7923
DecemBer 10, 1934



RESEARCH ACTIVITIES UNDERWAY
HCOG 1/4 SCALE DIFFISION FLAME TESTS FOR MARK 111  EARLY 1935

SKL HORK
_ 7
- SMALL SCALE I,LSTS . EARLY 1986
- JENTAL AND ANALYTICAL STUDIES BASED ON  EARLY 1986
NTS GENERATED DATA TO DETERMINE STRESS ON
EQUIPMENT

LOCAL DETORATION ANALYSES FOR LARGE, DRY PWRs  LATE 1985

DIFFUSION FLAWE HODEL DEVELOPHENT( ¢ ) HID 1985

MaLcoLm L. ERNST
443-7923
Decemser 10, 1934



STAFF RECOMMENDATIONS

APPROVE H, CONTROL RULE FOR MARK 111 BWRs AND ICE
COMDENSER PWRs

DEFER RULEMAKING FOR LARGE, DRY PWRs UNTIL COMPLETION
OF RESEARCH EFFORT

STAFF WILL RECOMMEND WHETHER RULEMAKING FOR LARGE, DRY
PWRs IS WARRANTED IN MID 1386

Mateowt Lo ERNG
443-7923
Decemeer 10, 1984
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CONCLUSTONS

RATIONALE FOR THE STAFF RECOMMENDATIONS IN SECY 83-357

- CODIFY PAST COMMISSION PRACTICE (SEQUOYAH - McGUIRE)

- TMI EXPERIENCE

- GREATER INHERENT CAPABILITIES OF LARGE-DRY CONTAINMENTS

- JUDGMENT THAT CONDITIONS DURING BURW WOULD BE NO WORSE
THAN CONDITIONS DURING LOCA

NTS TESTS

/
- CABLE BURNS CAST DOUBFREGARD] UIPMEEL,DU#(TFTEATION
VENT -

ANALYSIS OF NTS TEST SHOWS:

o7
. EQUIPMENT FUNCTIONAL, SOMEACABLES AND ELECTRICAL
Most’ PEAETRATIONS NOT FUNCTIONAL

- TEST Tt ITIONS

STAFF BELIEVES THAT NTS EXPERIMENTS DO NCT INVALIDATE
RECOMMENDATIONS MADE IN SECY 33-357

MaLcowm L. ErnsT
443-7923
Decemeer 10, 1934



STAFF RECOMMENDATIONS

o  APPROVE H, CONTROL RUL* R MARK 111 BWRs AND ICE
CONLENSER PWRs

o  STAFF WILL RECOMMEND WHETHER RULEMAKING FOR LARGE, DRY
PWRs 1S WARRANTED IN MID 1936

. MarLcowm L. ErnsT
443-7923
Decemser 10, 1984



Y UNITED STATES

) e NUCLEAR REGULATORY COMN.ISSION
g WASHINGTON, D C 20555
&
' *c‘
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July 3, 1985

MEMORANDUM FOR: C(Cecil 0. Thomas, Chief
Standardization and Special Projects Branch
Division nf Licensing

FROM: Dennis M, Crutchtield, Assistant Director
for Safety Assessment
Division of Licensing

SUBJECT: PROOF AND REVIEW OF THE CESSAR SYSTEM B0 TECHNICAL
SPECIFICATIONS

The enclosed technical specifications (TS) ftor CESSAR System 80 Amendment 10
(CESSAR BD) are being forwarded to you to be sent to Combustion Engineering
(CE) for proof and review. The letter transferring the enclosed technical
specifications to CE should include the following: @& request to return their
coiments by July 17, 1985; a request to justify by discussion any changes
requested to the enclosed TS and 2 request to provide the numbers in the
CESSAP FSAR that should be in CESSAR 80 TS Tables 2.2-1, 3.3-2, .3-4 and
3.3-5. CE should be informed that the enclosed CESSAR 80 TS are based on its
submittal and the staff's comparison of the NSSS part of the PVNGS-1 TS to the
Combustion Engineering STS Revision 3 as to whether differences were systems
B0 differences or plant specific differences

The attachment provides an NSSS TS for the CESSAR System 80 standardized plant
design. Because Falo Verde Nuclear Generating Station Unit One (PVNGS-1) is
the first CESSAR B0 plant, the C(FSSAR BS (as opposed to BOP) part of the
PVNGS-1 TS has bee.. selected as 2 straw-man for an NSSS Standardized Technical
Specification (STS) for CESSAR B0. Therefore, the attached proof and review
CESSAR 80 TS for CE's review and comments are ¢ marked-up copy of the NSSS
part of the PUNGS-1 TS. Plant specific aspects of CESSAR 80 design in the
enclosed marked-up PYNGS-1 TS have either been annotated with references to
the applicant's Safety Analysis Report (SAR) or deleted from the TSs.

728848 838380

C (A'/"/ F—I/-g



-2 July 3, 1985

Mr. Jack Donohew, of ORB#5 will be available during the proof and review
period to answer any questions which arise. He is located in Room:310,
Phillips, and his telephone extension is 49-27176.

Even if CE has no comments and is in agreement with the technical
specifications content, it is requested that a written respornse
from CE to that effect be provided by the above specified date.

nnis M. Crut& field, Assistant Director
for Safety Assessmen

Division of Licensing

Enclosure:
CESSAR System B0 Amendment 10 Proof
and Review Technical Specifications

cc: w/o enclosure
. Thompson
Iwolinski
. Brown

Moon

. Moriette

-l B PL R o



ok R July 3, 1985

Mr. Jack Donohew, of ORB#5 wil) be available during the proof and review
period to answer any questions which arise. He is located in Room 310,
Phil.ips, and his telephone extension is 49-27176.

Even if CE has no comments and is in agreement with the technical
specifications content, it is requested that a written response
from CE to that effect be provided by the above specified date.

Dennis M. Crutchfield, Assistant [irector
for Safety Assessment
Division of Licensing

Enclosure:
CESSAR Syster BO Amendment 10 Proc€
and Review Technical Specificati’ns

cc: w/o enclosure

H. Thompson

J. Zwolinski

S. Brown

C. Moon

P. Moriette
N N
TSRG File
JDonohew
MVirgilio

/
ol DL:TSRG v m.%?u,
IR 5 MVirgilio oAb tiend
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1.4 CHANNEL CALIBRATION. . ... .....oceveeenneneinraneomeaeeeieen 1-1
1.5 CHANNEL OMECK. . ...coovivn wurnnnnnnnnnneanensensansensnnnns 1-1
1.6 CHANNEL FUNCTIONAL TEST. .. ...oooeresesnnnnnenennneanannenss 1-2
1.7 CONTAINMENT INTEGRITY. ... .......ceeesunsenunmnnnnenns conenn 1-2
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T 1.21 PLANAR RADIAL PEAKING FACTOR - By s sssmaisnnatanasiiness 1-4
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SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

SECTION PAGE

2.1 SAFETY LIMITS

2.4.3 REACTOR CORE. ... .......... o v arllimve n 4 5k 50 @ PP Z-1
A B B ATOERRCRREE Y A DAt s & B K g i w2 Rl B 2+
2.3.0.2 PEAK LINEAR MEAY RATE. ... .. c.vivicncnrsanossssinnisaneine 2=
2.1.2 REACTOR COOLANT SYSTEM PRESSURE. ..........cccovviiainnnnns 2-1

2.2 LIMITING SAFETY SYSTEM SETTINGS

2.2.1 REACTOR TRIP SETPOINTS.......coiviivnnanessncsnrnnsirnnvens 2-2
2.2.2 CORE PROTECTION CALCULATOR ADDRESSABLE CONSTANTS........... o
BASES

SECTION PAGE

2.1 SAFETY LIMITS

2.0.0 EACTOR CORE......ccooonsansssensascsnsssssssnsensssnsannes B 2-1
2.1.2 REACTOR CODLANT SYSTEM PRESSURE............ccvivvnene vnnn B 2-2

2.2 LIMITING SAFETY SYSTEM SETTINGS

2.2.1 REACTOR YRIP SETPOINTS. ....ccivvivvriienrcnsnnconansesesnnns B 2-2
2.2.2 CORE PROTECTION CALCULATOR ADDRESSABLE CONSTANTS........... B 2-7
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LIMITING CONDITIONS FOR OPERATION AND SURVEILLANCE REQUIREMENTS
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SECTION PAGE
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MINIMUM TEMPERATURE FOR CRITICALITY.......covevuvvanns 3/4 1-6
3/84.1.2 BORATION SYSTEMS
FLOW PATHS = SHUTDOWN. . . ... ovveeeinninnannennanennes 3/4 1-7
FLOW PATHS = OPERATING. . ... vovevrvuernnrnennennennnnns 3/3 1-8
CHARGING PUMPS = SHUTDOMN. .. ....ccvvvrnncncncnnanansns 3/4 1-9
CHARGING PUMPS = OPERATING. . ... .ceuvvrncmnennecnncnnns 3/84 1-10
BORATED WATER SOURCES = SHUTDOWN. .. ......covunruennnnn 3/4 -1
BORATED WATER SOURCES = OPERATING. .........cccvvvecnn. 3/4 1-13
BORON DILUTION ALARMS. .......cooeonnsonssnnennesnnsnns e 18"
3/4.1.3 MOVABLE CONTROL ASSEMBLIES
BBR BORIEION. . i« s s60n0s o5 sabusnihnatinn s bunsin snises /6 1T
POSITION INDICATOR CHANNELS = OPERATING............... 3/4 1-25
POSITION INDICATOR CHANNELS = SHUTDOWN................ 3/4 1-26
BA DRI IR .o dehons aodin dd b s e d0 544 50 8 3/4 1-27
SHITDOWN CEA INSERTION LIMIT. .. ..vvvreenennennncnnnens 3/4 1-28
REGULATING CEA INSERTION LIMITS. . ....ovvvnevneecnnnns 3/4 1-29
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LIMITI*S CONDITIONS FOR OPERATION AND SURV.ILLANCE REQUIREMENTS
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1.0 DEFINITIONS

The defined terms of this section appear in capitalized type and are
applicable throughout these Technical Specifications.

ACTION

1.1 ACTION shall be that part of a specification which prescribes remedial
measurcs required under designated conditions.

AXIAL SHAPE INDEX

1.2 The AXIAL SHAPE INDEX shall be the power generated in the lower half of
the core less the power generated in the upper half of the core divided by the
sum of these powers,

- AZIMUTHAAL POWER TIL: - Tq

1.3 AZIMUTHAL POWER TILT shall be the power asymmetry between azimuthally
symmetric fue'® assemblies.

CHANNEL CALIBRATION

1.4 A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the
channel output such that it responds with the necessary range and accuracy to
known values of the parameter which the channel monitors. The CHANNEL
CALIBRATION shall encompass the entire channel including the sensor and ala:m
and/or trip functions, and shall include the CHANNEL FUNCTIONAL TEST. The
CHANNEL CALIBRATION may be performed by any series of sequential, overlapping,
or total channe) steps such that the entire channel is calibrated.

v

~—CHANNEL CHECK

1.5 A CHANNEL CHECK shall be the qua’itative assessment of channe) behavior
during operation by observation. This determination shall include, where
possible, comparison of the channel indication and/or status with other
indications and/or status derived from independent instrument channels
measuring the same parameter.

P
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CHANNEL FUNCTIONAL TEST

1.6 A CHANNEL FUNCTIONAL TEST sha)l be:
a. Analog channels -~ the injection of a simulated signal into the

channel as close to the sensor as practicable to verify OPERABILITY
including alarm and/or trip functions.

b. Bistable channels - the injection of a simulated signal into the
sensor to verify OPERAEILI%Y including alarm and/or trip functions

¢. Digital computer channels - the exercising of the digital computer
hardware using diagnostic programs and the injection of simulated
process data into the channel to verify OPERABILITY including alarm
and/or trip functions.

Radiological effluent process monitoring channels - th A

F TQPEL ST may pe perfogpfo b nyxes’okse tig)

;1 pi {t{: a%m 1 st sucpfthat e eplire
fhctgnally poestgf.

The CHANNEL FUNCTIONAL TEST shall include adjustment, as necessary, of -
the alarm, interlock and/or trip setpoints such that the setpoints are
within the required range and accuracy.

CONTAINMENT INTEGRITY

AR

1.7 CONTAINMENT INTEGRITY shall exist when:

2. A1) penetrations required to be closed during accident conditions
are either:

1. Capable of being closed by an OPERABLE containment avtomatic
isolation valve system, or

2. Closed by manual valves, blind flanges, or deactivated sutomatic
vaives secured in their closed positions, except as provided in
Table 3.6-1 of Specification 3.6.3.

b. Al equipment hatches are closed and sealed,
c. Each air lock is in compliance with the requirements of
Specification 3.6.1.3,
- d. ;hz co;tainacn1 leakage rates are within the limits of Specification
- .6.1.2, ano

e. The sealing mechanism associsted with each penetration (e.g., welds,
bellows or O-rings) is OPERABLE.

CONTROLLED LEAKAGE

1.8 Kot Applicable.

CORE ALTERATION

1.9 CORE ALTERATION shall be the movement or sanipulation of any component
within the reactor pressure vesse) with the vesse)l head removed and fue’ in

the vessel. Suspension of CORE ALTERATION shall not preclude completion of
movement of & component to a safe conservative position.

0
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DOSE EQUIVALENT 1-13)

1.10 DOSE EQUIVALENT 1-13) shall be that concentration of 1-131 (microcuries/
gram) which alone wou.d produce the same thyroid dose as the guantity and
isotopic mixture of 1-131, 1-132, 1-133, 1-134 and 1-135 actually present

The thyroid dose conversion factors used for this calculation shall be those
listed in Table 1]1 of TID-14B44, “Calculation of Distance Factors Tor Power
and Test Reactor Sites."

E - AVERAGE DIfINTEGRATION ENERGY

1.11 ¥ shal) be the average (weighted in proportion to the concentration of

each radionuclide in the reactor coolant at the time of sampling) of the sun

of the average beta and gamma energies per disintegration (in MeV) for isotopes,

other than iodines, with half-lives greater than 15 minutes, making up at

Teast 95% of the tota) nog{odine activity in the coolant. X

ENGINEERED SAFETY FEATURES RESPONSE TIME

1.12 The ENGINEERED SAFETY FEATURES RESPONSE TIME shall be that time interva’
from when the monitored parameter exceeds its ESF actuation setpoint at the
- channe) sensor unti) the ESF egquipment is capable of performing its safety
- function (i.e., the valves-travel to their veguired positions, pump discharge
pressures reach their required values, etc.). Times shall inciude ciese)
generator starting and sequence loading delays where applicable.

FREQUENCY NOTATION

1.13 The FREQUENCY NOTATION specified for the performance of Surveillance
Requirements shall correspond to the intervals defined in Table 1.1.

Detinition -
designgs and ipetallec
pri

GASEOUS RADWASTE SYSTEM

JIDENTIFIED LEAKAGE
= 1.15 IDENTIFIED LEAKAGE shall be:

8. Leakage into closed systems, other than rez-tor coolant pump
controlled bleed-off flow, such &s pump seal or valve packing leaks
that are captured and conducted to & sump or collecting tank, or

b. Leakage into the containment atmosphere from sources that are both
specifically located and known either not to interfere with the
operation of leakage detection systems or not to be PRESSURE
BOUNDARY LEAKAGE, or

¢. Reactor Coolant System leakage through & steam generator to the
srconcary system.

qo

1-3
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MEMBER(S) OF THE PUBLIC ‘/ PoP Defimition

OPERABLE -~ OPERABILITY

1.18 A system, subsystem, train, component, or device shall be OPERABLE or
have OPERABILITY when it is capable of performing its specified function(s),
and when a1l necessary attendant instrumentation, controls, electrical power,
cooling or seal water, lubrication or other auxiliary equipment that are
required for the system, subsystem, train, component, or device to perform its
function(s) are alsc capable of performing their related support function(s).

OPERATIONAL MODE - MODE

1.18 An OPERATIONAL MODE (i.e. MODE) shall correspond to any one inclusive
combination of core reactivity condition, power level, and cold leg reactor
coolant temperature specified in Table 1.2.

PHYSICS TESTS

1.20 PHYSICS TESTS shall be those tests performed to measure the fundamenta)

nuclear characteristics of the reactor core and related instrumentation and

Q1) described in Chapter 14.0 of the FSAR, {2) authorized under the provisions
- of 10 CFR 50.58, or i3) otherwise approved by the Commission.

PLANAR RADIAL PEAKING FACTOR - F!y

1.21 The PLANAR RADIAL PEAKING FACTOR is the ratio of the peak to plane
average power density of the individua) fuel rods in 3 given horizonta) plane,
excluding the effects of azimuthe) tilt.

PRESSURE EOUNDARY LEAKAGE

1.22 PRESSURE BOUNDARY LEAKAGE shall be lezkage (except steam generator tube
Teakage) through & nonisolable fault in & Reactor Coolant Systes component
body, pipe wall, or vessel wall.

q0
1-4
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1.25 RATED THERMAL POWER shal) be 2 tota) reactor core heat transfer rate to
the reactor coolant of (380@ Mwt

RATED THERMAL POWER

REACTOR TRIP SYSTEM RESPONSE TIME

1.26 The REACTOR TRIP SYSTEM RESPONSE TIME shal) be the time interval from
when the monitored parameter exceeds its trip setpoint at the channel sensor
until electrica) power is interrupted to the CEA drive mechanism.

REPORTABLE EVENT

1.27 A REPORTABLE EVENT shall be any of those conditions specified in
Section 50.73 to )0 CFR Part 50.

s‘:uToow o TASEE\

1.28 SHUTDOWN MARGIN shall be the instantaneous amount of reactivity by which
the reactor is subcritica) or would be subcritical from its present concition
assuming.

a. Ko change in part-length control element assembly position, and

b.  A11 full-length control element assemblies (shutdown and regulating)
are fully inserted except for the single assembly of highest
reactivity worth which is assumed to be fully withdrawn,



SHIELD BUILDING INTEGRITY
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DEFINITIONS

1.30 The digital computer SOFTWARE for the reactor protection system shal)l pe
the program codes including their associated data, rocumentation, and procedures

SOL1DIFICATION 30Pm9,+ML T

N 1] jan of rpdioactj ‘y from Jiquid
s buted mon hic M mmob L isfec
oury(‘x)aM rfac Cis%

1.32 Whyth Titagj a;s:j)'ﬂt of nel r se
ne #anne wlensore s .xnﬁﬁ ource P incre radialtﬁ?’g:/

STAGGERED TEST pASIS

1 23 A STAGGERED TEST BASIS shall consist of.

8. A test schedule for n systems, subsystems, trains, or other
designated components obtained by dividing the specified test interva)
into n equal subintervals, and

b. The testing of one system, subsystem, train, or other designated
<omponent at the beginning of each subinterval.

THERMAL POWER

1.34 THERMAL POWER shall be the tota) reactor core heat transfer rate to the
reactor coolant.

UNIDENTIFIED LEAKAGE

1.35 UNIDENTIFIED LEAKAGE shall be all leakage which does not constitute
either JDENTIFIED LEAKAGE or reactor coolant oump controlled bleed-cff flow

UNRESTRICTED AREA @GP m-&m.\.m
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NOTATION

£ ©O

TABLE 1.1
FREQUENCY NOTATION

FREQUENCY

At least once per 12 hours
At least once per 24 hours.

At least cnce per 7 days.

At (east onc - per 31 days.
At least once per 82 days.
At Teast once per 184 days.

At least once per 18 months

S/

N.A.

—lno el el priok do Ralh TEIRASE,
Prior to each reactor startup.

Not applicable.

PROSF & REVie: CopY |
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TABLE 1.2

OPERATIONAL MODES

REACTIVITY % OF RATED COLD LEG
OPERATIONAL MODE CONDITICN, * ¢ THERMAL POWER*  TEMPERATURE (T_ ,.)
1. POWER OPERATION > v.92 > 5% > 250%
2. STARTUP > 0.98 < 5% > 350°F
3. HOT STANDBY < 0.99 0 > 350°F
4. HOT SHUTDOWN < 0.99 0 350° > T, > 210°F
§. COLD SHUTDOWN < 0.99 0 < 210°F
6. REFUELING** < 0.95 0 < 135°F

®Excluding decay heat.
*2F el 1n the reactor vessel with the v:ssel head closure bolts less thio
fully tensioned or with the heac romoved.

CESSARTONSSS-STS
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SECTION 2.0
SAFETY LIMITS
AND
LIMITING SAFETY SYSTEM SETTINGS
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2 2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1 SAFETY LIMITS

2.1.1 REACTOR CORE | PROCF & REVIEW COPY

DNER

2.1.1.1 The calculated DNBR of the reactor core shall be maintained greater
than or egual to 1.231.

APPLICAEILITY: WMODES 1 andg 2.

ACTION.

Whenever the calculated DNBR of the reactor has decreased to less than 1.231,
pe in HOT STANDBY within 1 hour, and comply with the reguirements of Specifi-
cation 6.7.1.

PEAK LINEAR HEAT RATE

2.1.1.2 The peak linear neat rate (adjuvsted for fuel rod dynamics) of the
fuel shall be mairtained less than or equal to 21 kv 7t

APPLICABILITY: WODES 1 and 2
ACTION:

w¥henever the peak linear heat rate (adjusted for fuel rod dynamizs) of the
fuel has exceeded 21 kw/ft, be in HOT STANDBY within 1 hour, and comply with
the requirements of Specification 6.7.1.

REACTOR COOLANT SYSTEM PRESSURE

2.1.2 The Reactor Coolant System pressure shall not exceed 2750 psia
APPLICABILITY: MODES 1, 2, 3, 4, and 5.
ACTION:

MODES 1 and 2:

wWhenever the Reactor Coolant System pressure has exceeded 2750 psia, be in W1
STANDBY with the Reactor Coolant System pressure within its limit within ]
hour, and ccaply with the requirements of Specification 6.7.1.

MODES 3, 4, and 5:

wWhenever the Reactor Coolant System pressure has exceeded 2750 psia, reduce

the Reactor Coolant Systom pressure to within its limit within 5 minutes, ano
comply with the requirements of Speci ication 6.7.1.

GESSARR ~Nss -5, .,



SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.2 LIMITING SAFETY SYSTEM SETTINGS

REACTOR TwlP SETPOINTS maur& Rmm CUPY

2.2.17 The reactor protective instrumentation setpeints shal)l be set consistent
with the Trip Setpoint values shown in Table 2.2-)

APPLICABILITY: As shown for each channe) in Table 3 3-1.

ACTION

With a reactor protective instrumentation setpoint less conservative than the
value shown in the Allowable Values column of Table 2.2-1, declare the channe)
inoperat’e and apply the epplicatle ACTION statement reguirement of Specification
3.3.7 until the channel is restored to OPERABLE status with its trip setpoint
adjusted cons stent with the Trip Setpoint value.

= - = 4 , . ' B - < -l

2.2 re Protection Calculatcr Addressable Constants shall b ccordance
with Tadle "

APPLICARILITY: As shown TETSGG Protection C tors in Table 3. 3-1.
ACTION

With a Core Protectins
the va'lue shomg
channe) &
Spesa

fculator Agdressab’s Constan s conservative than
he Allowable Vilue column »f Table 2.2~ geclare the
Ptrable and apply the applicable ACTION statement regld nt of
ation 3.3.1 until the channel is restored to OPERABLE status.

W'SB 2-2
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THIS PAGE OFEM ¥ 1715 REC !PT OF

TABLE 2.2-1 INFORMATION 0.0 1 ATPLIZANT
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT L IMITS
¥ 4
> FUNCTIONAL UNTT TRIP SETPOINT ALLOWABLE VALUES g
' 1. TRIP GENERATION =
A ‘/m(.oss /M ‘(M Qo
f_ Pressurizer Pressure - High b e Rt ,;:?,
2. Pressurizer Pressure - Low (2) By P aaamamalit s SRl o ae uar e e o o é
é' /j Steam Generator Level - Low (M)  sddpits) 3 ——
W 4. Steam Genefator Level - High (Q) i M AR e 'é,’
V5. Steam Generator Pressure - low(s) 20¥primim & R aatminteces SUIIE o =2
\/. Contairment Pressure - High —lpace- * R el e
3 7. Reactor Coolant Flow - Low(7)
a. Rate (L) OB MY Pe e
b. Floor {b) AR

/ c. Band (o)
P Local Power Density - High
V9. DWBR - iow
B. Excore Neut . Flux

V{. Variable Overpower Trip ('o)
a. Rate ()

b. CQHMQU)

c. Band (8)
N "

B, lows of Load (BOP)
# T Agpliconis =A

1. kivoas @nomm LowsA (R9)
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TABLE 2.2-1 (Continued)

THIS PAGE OPEN PENDIMG RECEIPT OF
INFORMATION FROM THE APPLICANT

REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

FUNCTIONAL UNTY

a. Startup and Operating
b. Shutdown

€. Core Protection Calculator System

SIS ~S88(V - 0PI 3TO

1. CEA Calculators

2. Core Protection Calculators

z D. Sapplementsry Protection Syctem
/ Pressurizer Pressure - High
11. RPS LOGIC

A. Matrix Logic
B. Initiation Logic
TT1. RPS ACTUATION DEVICES
A. Reactor Trip Breakers
l/l. Manual Trip

¥ Sea_ QH&XLMQYS SAL

/2. Logarithmic Power Level - High (1)

TRIP SETPOINT

Not Applicable
Not Applicable

400t W

Not Applicable
Not Applicable

Not Applicable
Not Applicable

ALLOWABLE VALUES

el ROt~

< L ROt~ RAEER
m*

Not Applicable

—

Not Applicable

Not Applicable
Not Applicable

[ 4403 Mgz 3 0084 |

Not Applicable
Not Applicable




(1)

(2)

(3)

L )

(%)

(5)

\\~:j POL with respéct to DNER.

TABLE 2.2-1 (Continued)

REACTOR PROTECTIVE INSTRUMENTATION TRIP SITPOINT LIMITS

TABLE NOTATIONS

Trip may be manually bypassed above 10-4% of RATED THERMAL POWER, bypass
shal)l be automatically removed when THERMAL POWER is less than of egual
to 10-*% of RATED THERMAL POWER.

In MODES 3-6, value may be decreased manually, to & minimum of 100 psia,
as pressurizer pressure s reduced, provided the margin between Lhe pres-
surizer pressure and this value is maintained at less than or equa)l to
400 psi; the setpoint shal) be incressed automatically as pressurizer
pressure is increased until the trip setpoint is reached. Trip may be
manually bypassed below 400 psia; bypass shall be automatically removed
whenever pressurizer pressure is greater than or equa) to 500 psia

In MODES 3-8, value may be decreased manually &s steam generator pressure
is reduced, provided the margin between the steam generator pressure and
this value is maintained at less than or equal to 200 psi, the setpoint
shall be increased automatically as steam generator pressure 1s increased
until the trip setpoint is reached

% of the distance between steam generator upper and lower leve' wide
range instrument nozzles

As stored within the Core Protection Calculator (CPC). Calculation of

the trip setpoint includes measurement, calculationa) and processor uncer-
tainties, and dynamic allowances. Trip may be manuaily bypassed below ph 3
of RATED THERMA. POWER; bypass shall be sutomatically removed when THERMAL
POWER is greater than or egual to 1% of RATED THERMAL POWER.

~
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(7)
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TJABLE 2.2-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION TRIP SETPOINT LIMITS

TABLE NOTATIONS (Continued)

RATE is the maximum rate of decrease of the trip setpoint. There are nc
restrictions on the rate at which the setpoint can increase.

FLOOR is the minimum value of the trip setpoint

BAND is the amount by which the trip setpoint is below the input signa)
uniess limited by Rate or floor

Setpoints are X of 100% power flow conditions.

The setpoint may be altered to cisable trip function during testing
pursuant tu Specification 3.10.3.

RATE is the maximum rate of increase of the trip setpoint. There are no
reiirictions on the t 'te at which the setpoint can decrease.

CEILING 1s the maximun value of the trip setpoint.

BAND s the amount by which the trip setpoint is above the input signa)
uniess limited by the rate or the ceiling.

X of the distance between steam generator upper and lower level narrow
range instrument nozzles

(1e) %, ,\) RATED THEZMAL POWER,
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SECTION 2.0
SAFETY LIMITS
AND

LIMITING SAFETY SYSTEM SETTINGS
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The BASES contained in the succeeding pages summarize the
reasons for the specifications of Section 2.0 but in accord-
ance with 10 CFR 50 .36 are not 2 part of these Technical
S..cifications.

CLESSARE) —-\Bs 5T
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2.1 and 2.2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

BASES

2.1.1 REACTOR CORE

The restrictions ~f these safety limits prevent overheating of the fuel
cladding and possible ¢ ~dding perforation which woulc result in the release
of fission products to tue reactor coolant. Overheating of the fuel cladding
is prevented by (1) restricting fuel operation to within the nucleate boiling
regime where the heat transfer coefficient is large and the cladding surface
temperature is slightly above the coolant saturation temperature, anc
(2) maintaining the dynamically adjusted peak linear heat rate of the fue)
at or less than 21 kw/ft which will not cause fuel centerline melting in an
fuel rod.

First, by operating within the nucleate boiling regime of heat transfer,
the heat transfer coefficient is large enough so that the maximum clad surface
temperatu~e is only slightly greater than the coolant saturation temperature
The upper boundary of the nucleate boiling regime is termed “departure fronm
nucleate boiling” (DNB). At this point, there is a sharp reduction of the
heat transfer coefficient, which would result in higher cladding temperatures
and the possibility of cladding failure.

Correlations predict DNB and the location of DNE for axially uniform and
non-uniform heat flux distributions. The local DNE ratio (DNBR), defined as
the ratic of the presicted DNB heat flux at a particular core location to the
actua) heat flux at thit location, is indicative of the sargin to DNE. The
sinisum value of DNBR during norma) operation and design basis anticipated
operational occurrences is limited to 1.231 based upon a statistical combination
of CE-1 CHF correlation and engineering factor uncertainties and is established
s 8 Safety Limit. - - '

., STTORDTTIETET Dy-enSO0ieise Q6 the AdIessiLle SeRlAnt-BERRE—— '." e

Second, operation with & peak linear heat rate below that which would
cause fuel centerline melting meintains fuel rod and cloddin? integrity.
Above this peak linea” heat rate level (f.e., with some melting in the center),
fuel rod integrity would be maintained only {f the design and operating
conditions are appropriste throughout the 1ife of the fuel rods. Volime
changes which accompany the snlid to Viquid phase change are signific. 't and
reguire accommodation. Another consideration involves the redistribution of
the fuel which depends on the extent of the melting and the physice) «tate of
the fue' rod at the time of melting. Because of the above factors, the steady
state value of the pesk linear hest rate which would not Cause fuel centerline
selting 1s established as & Safety Limit. To sccount for fuel vod dynamics
(lags), the directly indicated 1inear heat ratz is dynamically adjusted by the
CPC progras.

cﬁsﬁ.n?o.—é‘;qs S 4
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BAS IS

Limiting Safety System Settings for the Low DNBR, Wigh Loca) Power Density,
High Logarithmic Power Level, Low Pressurizer Pressure and High Linear Power
Level trips, and Limiting Conditions for Operation on DNBR and kW/ft mergin
are specified such that there is a high degree of confidence that the specified
acceptable fuel design limits are not exceeded during norma) operation and
design basis anticipated operational occurrences.

2.1.2 REACTOR COOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrity of the
Reactor Coclant System from overpressurization and thereby prevents the
release of radionuclides contained in the reactor coolant from resching the
containment atmosphere.

tor Coclant System components are designed ; - S;“’dﬁ
1974 Eagition, endum, of the Or Nuclear Power Plan

Components which permits a of 110% (2750 psia) of
design pressur ety Limit of 2750 psia is there istent with
the . teria and associated code requirements.

The entire Reactor Coolart System is hydrotested at 3125 psia to
demonstrate integrity prior tc initial operation.

2.2.1 REACTOR TRIP SEVPOINTS

The Reactor Trip Setpoints specified in Table 2.2-1 are the values at
which the Reactor Trips are set for each functional unit. The Trip Setpoints
have been selected to ensure that the reactor core and Reactor Coolant System
are prevented from exceeding their Safety Limits during norma) operation and
Oesign basis anticipated operations) occurrences and to assist the Engineerec
Safely Features Actuation System in mitigating the consequences of accidents.
Operation with a trip set less conservative than its Trip Setpoint but within
fts specified Allowable Value 1s acceptable on the basis that the difference
betwecn each Trip Setpoint and the A)llowable Value s eque) to or less than
the drift allowance assumed fur each trip in the safety analyses.

The DNER - Low and Loca) Power Density - High are digitally generated
trip setpoints based on Safety Limits of 1.23]1 and 21 kwW/ft, respectively.
Since thess trips are digitally generated by the Core Protection Calculators,
the trip vaiues are not subject to drifts common to trips generated by analog
type equipment. The Allowable Values for these trips are therefore the same
s the Trip Setpoints.

To maintain the merging of safety assumec in the safety analyses, the
calculations of the trip variables for the DNER - Low and Loca) Power Density -
High trips include the measurement, calculations] and processor uncertainties
and dynamic a)llowances as defined in CESSAR Systes B0 applicable syster
descriptions and safety analyses.



(=)

—

“The reactor pressure vessel, piping, and pressurizer ar: designed to Sectior
111 of the ASME Code for Nuclear Power Plant Components which permits &
maximum transient pressure of 1103 (2750 psfa) of the design pressure. The
Reactor Coolant System valves and fittings, are designed to efther Section 111
of the ASME Code or ANSI B 31.7, Class I, which permits & meximum transiert
pressure of 1103 (2750 pefe) of component design pressure. See Applicent's
FSAR for specific Code, Standerd Editions, and Addends. The sefety limit of
2750 psia 1s therefore corsistent with the Gesign criteris and associaved code

Jequirements.
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SAFETY LIMITS AND LIMITING SAFETY SYSTEMS SETTINGS

BASES

REACTOR TRIP SETPOINTS (Continued)

PROOF & REVIEW COPY
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Manua) Reactor Trip

The Menua® reactor trip is @ redundant channel to the automatic protective
instrumentation channels and provides manua)l reactor trip capability

variable Overpower Trip

A reactor trip on Variable Overpower is provided to protect the reactor
core during rapid positive reactivity adgdition excursions. This trip function
will trip the reactor when the indicated neutron flux power exceeds either 2
rate limited setpoint at a great enough rate or reaches & preset ceiling The
flux signa) used s the average of three linear subchannel flux signals
originating in each nuclear instrument safety channel. These trip setpoints
are provided in Table 2.2-1.

Logarithmic Power Leve! - Migh

The Logaritheic Power Level - High trip is provided to protect the
integrity of fue) cladding and the Reactor Coolant System pressure boundary in
the event of an unplanned criticality from a shutdown condition. A reactor
trip is initiated by the Logarithmic Power Level - High irip unless this trip
is manually bypassed by the operetor. The operator muy marually bypass this
trip when the THERMAL POWER leve) s above 10-*% of PATED THERMAL POWER, this
bypass is automatically removed when the THERMAL POWER leve] decreases to
10-*% of RATED THERMAL POWER.

"~ Pressurizer Pressure - High

The Pressurizer Pressure = High trip, in conjunction with the pressurizer
safety valves and main steam safety valves, provides Reactor Coolant System
protection against overpressurization in the event of loss of load without
reactor trip. This trip's setpoint 15 below the nominal 1ift setting of the
pressurizer safety valves and its operation minimizes the undesirable operea-
tion ¢f the pressurizer safety valves.

Pressurizer Pressure -~ Low

The Pressurizer Pressure = Low trip s provided Lo trip the reactor and
to assist the Enginoertd Safety Festures System in the event of a decrease in
keactor Coolant System inventory and in the event of an increase in heat

SRR ANF ST,
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|
Prescurizer Pressure - Low (Continued) L [UI x "‘F‘EW cm I

removal by the secondary system. During norma) operation, this trip's set-
point may be manyally decreased, to & minimum value of 100 psia, as
pressurizer pressure is reduced during plant shutdowns, provided the margin
between the pressurizer pressure 'nd this trip's setpoint s maintained at
less than or equal to 400 psi; this setpoint increases automatically as
pressurizer pressure increases until the trip setpoint is reached. The
operator may manually bypass this trip when pressurizer pressure s below
400 psiz. This bypass is automatically removed when the pressurizer pressure
increases to 500 psia.

Containment Pressure - Migh

The Cortainment Pressure - High trip provides assurance that @ reactor
trip is initiated in the event of containment building pressurization due to 3
pipe break "nside the containment building. The setpoini for this trip is
‘dentical to the safety injection setpoint. -

Stean “enerutor Pressure - Low

The Steam Generator Pressure - Low trip provides protection in the event
of an in rease in heat remova) by the secondary system and subsequent cooldown
of the reactor coolant. The setpoint is sufficiently below the full load
operating ooint so as not to interfere with normal operation, but still high
enough to provide the required protection in the event of excessively high
stear flow. This trip's setpoint may be manually decreased as steam generator
pressure is reduced during plant shutdowns, provided the margin between the
steam generator pressure and this trip's setpoint s maintained at less than
or equal to 200 psi; this setpoint increases automatically as steam generator
pressure increases until the normal pressure tri, setpoint is reached.

Stear Generator Leve) = Low

The Steam Generator Level - Low trip provides protection ageinst & loss
of feedwster (low incident and assures that the design pressure of the Reactor
Coclant System will not be exceedec due to & decrease in heat removal by the
secondary system.  This specified setpoint provides allowance that there wil)
be sufficient weter inventory in ihe steam generator at the time of the trip
to provide & margin of at least 10 minutes bifore auxiliary feedwater is
required Lo prevent degraded core cooling.

Locs) Power Density - High

The Loca) Power Density - Migh trip is provided to prevent the linear
heat rate (KW/ft) in the limiting fue) rod in the core from exceeding the fuel
design Vimit in the event of anydu&r-buo-cnticlum operational occur-
rence. The local power density is calculated in the reactor protective system
vtilizing the following inforsation:

RAUSSY-sTy 4,
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Loca) Power Density ~ High (Continued)

a. Nuclear flux power and axia) power distribution from the excore flux
sonitoring system,;

b. Racia) peaking factors from the position measurement for the CEhs,

c. Delta YT power from reactor coolant temperatures and coolant flow
measurements.

The loca) power density (LPD), the trip variable, calculated by the cel
incorporates uncertainties and dynamic compensation routines. These uncer-
tainties and dynasic compensation routines ensure that & reactor trip occurs
when the actual core peak LPD is sufficiently less than the fue) design Timit
such that the increase in actua) core peak LPD after the trip will not result
in a viclation of the Peak Linear Heat Rate Safety Limit. CP( uncertainties
related to peak LPD are the same types used for DNBR calculation. Dynamic
compensation for peak LPD is provided for the effects of core fue) centerline
temperature delays (relative to changes in power density), sensor time delays,
and protection system equipment time delays.

DNBR - [ow

The DNBR - Low trip is provided to prevent the DNBR in the limiting
coolant channe) in the core from exceeding the fuel design Timit in the event
0f =Gosighbatos anticipated operationa) occurrences. The DNER - Low tr
incorporates a low pressurizer pressure floor of psia. § pressure
s DNBR - Low trip will sutomatically occur. The DNBR is calculeted in the cpC
vtilizing the following information:

2. Nuclear flux power and axial power distribution from the excore
neutron flux monitoring system,

b. Reactor Coolant System pressure from pressurizer preisure peasurement

c.  Differentis) temperature (Delta T) power from resctor coolant
temperature ¢n¢ coolant flow measurements;

¢.  Radia) peakirg factors from the position measurement for the CEAs;
e.  Reactor coolant mass flow rate from reactor coolant pump speed,

f.  Core inlet temperature from reactor coolant cold leg Lesperature
WeasuTements.

% Sn.r-\,,}uwm sARZ
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DNBR - Low (Continued)

The DNBR, the trip variable, calculated by the CPC incorporates various uncer-
tainties and dynamic compensation routines to assure & trip is initiated prior
to violation of fuel design limits. These uncertainties and dyvnamic compensa-
tion routines ensure that a reactor trip occurs when the calculated core DNER
is sufficiently greater than 1.231 such that the decrease in calculated core
DNER after the trip will not result in @ violaton of the DNER Safety Limit,
CPL uncertainties related to URBR cover CPC input measurement uncertainties,
algorithm modelling unce~tainties, and computer equipment processing
uncertainties. Dynamic compensation is provided in the CPC cealculations for
the effects of coolant transport delays, core heat flux delays (relative to
changes in core power), sensor time delays, and protection system eguipment
time delays

The DNBER algorithm used in the CPC is valid only within the limits
-~ indiceated below and operation outside of these limits will result in a CPC
initiated trip

Integratec Radial Peaking
Factor-Low

Integrated Radial Peaking
Factor-High

f. Quality Margin-|ow

Parameter Limiting Value*-
. RCS Cold Leg Temperature-Low > "’F
b. RIS Coled Leg Tempercture-High °F
c. Axial Shape Inuex-Positive Not more positive than
d.  Axia) Shape Index-Negative Not more negative than
e Pressurizer Pressure-low psia
f. Pressurizer Pressure-High psie
g
h.

v¢ Stearm Generator Level - High ’u
-—
The Stgu Generator Level - High trip Mﬂ—.

The setpoint is identice) to the main

g via Iv iAlv

steanm isolation setpoint.
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Luerc,

The Reactor Coolant Flow = Low trip provides)protection against a reactor
coolant pump sheared shaft event and a . coastdown -
. - A trip is initiated when the pressure
differential across the primary side of either steam generator decreases be)ow
& variadble setpoint. This variable setpoint stays 8 st amount below the pres-
sure differential unless Timited by a set maximum decrease rate or a set minimun

value. The specified setpoint ensures that a reactor trip occws-.-n-—-v?
sonstiemn  (NRIMTBARE aditin the Omo%:wa .

Pressurizer Pressure - Migh (SPS)

Reactor Coclant Flow - Low

The Supplementary Protection System (SPS) augments reactor protection
against cverpressurizztion by utilizing a separate and diverse trip logic fror
the Reactor Protection System for initiation of reactor trip. Yhe SPS wil)
initiate & reactor trip when pressurizer pressure exceeds a predetermined
value

Loss c'" Loo& W Lﬂ ggeawm &AL LW)
“ Sus AsfplicoFE SAR.
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SECTIONS 3.0 AMC 4.0
LIMITING CONDITIONS FUR OPERATION
AND
SURVEILLANCE REQUIREMENTS
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3/6 LIMITING CONDITIONS FOR OPERATION AND SURVEILLANCE REQUIREMENTS

3/8.0 APPLICABILITY

LIMITING CONDITION FOR OPERATION

3.0.1 Compliance with the Limiting Conditions for Operation contained in the
succeeding specifications is required during the OPERATIONAL MODES or other
conditions specified therein; except that upon failure to meet the Limiting
Conditions for Operation, the associated ACTION requirements shall be met.

3.0.2 WNoncompliance with @ specification shall exist when the requirements of
the Limiting Condition for Operation and/or associated ACTION reguirements are
not met within the specified time intervals. If the Limiting Condition for
Operation is restored prior to expiration of the specificg time intervals,
completion of the ACTION requirements is not required.

3.0.3 When a Limiting Condition for Operation is not met, except as provided

in the associated ACTION reguirements, within 1 hour, action shall be initiatec
to place the unit in a MODE in which the specification does not apply by placing
it, as applicadle, in:

1. At Jeast HOT STANDEY within the next & hours,
2. At least HOT SHUTDOWN within the following & hours, and
3. At least COLD SHUTDOWN within the subsequent 24 hours.

Where corrective measures are completed that permit operation under the ACTION
requirements, the ACTION may be taken in accordance with the specified time
limits as measured from the time of failure to meet the Limiting Condition for
Operation. Exceptions to these requirements are stated in the individual
specifications.

This specification is not applicable in MODE 5 or 6.

_3.0.4 Entry into an OPERATIONAL MODE or other specified condition shall rot
be made unless the conditions of the Limiting Condition for Operation are mel
without relian.e on provisions contained in the ACTION requirements. This
provision shal | not prevent passage through or to OPERATIONAL MODES as required
to comply wit), ACTION statements. Exceptions to these requirements are statec
in the indivigual specifications.

CERASBS ABS-STS 40
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SURVEILLANCE REQUIREMENT.

4 0.) Surveillance Reguirements shall be applicable during the OPERATIONAL
MODES or other conditions specified for individun) Limiting Conditions for
Operation unless otherwise stated in an individua) Surveillance Reguirement

& 0.2 Each Surveillance Reguirement shal) be performed within the specified
time interval wv1.':

8. A maximum a)lowable extension not to exceecd 25% of the surveillance
interval, and

b. The combined time interval for any three consecutive surveillance
intervals not to exceed 3.25 times the specified surveillance
interval.

4.0.3 Failure to perform a Surveillance Reguirement within the specified time
gnterva) shal) constitute a failure to meet the OPERABILITY reguirements for 2
Limiting Condition for Operation. Exceptions to these reguirements are statec
in the individua) specifications. Surveillance Reguirements do not have to be
performed on inoperable equipment.

4.0.4 Entry into an OPERATIONAL MODE or other specified conditicn shall not
be made unless the Surveillance Reguirement(s) associated with the Limiting
Condition for Operation have been performed within the stated surveillance
interval or as otherwise specificc.

4.0.5 Surveillance Reguirements for inservice inspection and testing of ASME
Code Class 1, 2, and 3 components shall be applicable as follows:

8. Inservice inspection of ASME Code Class 1, 2, and 3 components and
inservice testing ASME Code Class 1, 2, and 3 pumps and valves shal)
be performed in accordance with Section XI of the ASME Boiler and
Pressure Vessel Code and applicabie Addends as reguired by 10 CFR 50,
Section 50.55a(g), except where specific written relief has beer granted
by the Commission purtuant to 10 CFR 50, Section 50.55a(g)(6)(1).

b. Surveillance intervals specified in Section X1 of the ASME Boiler
and Pressure Vesse) Code and applicable Addenda for the inservice
inspection and testing activities required by the ASME Boiler anc
Pressure Vesse! Coce and applicable Addends shall be applicable as
follows in these Technica) Specifications:

W'ﬂs 3/4 0-2
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SURVEILLANCE REQUIREMENTS (Continued)

4.0.5 (Continued)

ASME Boiler and Pressure

Vesse) Code and applicable Required freguencies
Agdenda terminology for for performing inservice
inservice inspection and inspection and testing
testing activities activities
Weekly At least once per 7 days
Monthly At Teast once per 31 days
Quarterly or every 3 months At least once per 92 days
Semiannually or every & months At least once per 184 days
Yearly or annually At Teast once per 366 days

c. The provisions of Specification 4.0.2 are applicable o the above
required freguencies for performing inservice inspection and testing
activities.

d. Performance of the above inservice inspection and testing activities
shal) be in addition to other specified Surveillance Regquirements.

e. Nothing in the ASME Boiler and Pressure Vesse) Code shal’i be construed
to supersede the requirements of any Technical Specification.
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REACTIVITY CONTROL SYSTEMS

3/6. 1 REACTIVITY CONTROL SYSTEMS

3/6.1.1 BORATION CONTROL

SHUTDOWN MARCIN - Y‘(ﬂc GREATER THAN 210°F

LIMITING CONDITION FOR OPERATION

3.1.1.1 The SHUTDOWN MARGIN shall be greater than or egua) to 6.0%
delte k.

APPLICABILITY: MODES 1, 2*, 3, and 4.
ACTION
With the SHUTDOWN MARGIN less than 6.0% delts k/k, fmmediately initiate anc
- continue borstion at greater than or equa) to 26 fem to reactor coolant system

. of a solution containing greater than or eque) to 420 ppm boron or egquivalent
— until the reguired SHUTDOWN MARGIN s restored.

SURVEILLANCE REQUIREMENTS

€.1.7.7.1 The SHUTDOWN MARGIN shall be determined to be grester than or egua’
to 6.0% gelts W/k:

8. Within 1 hour after detection of an fnoperable CEA(s) and at least
once per 12 hours thereafter while the CEA(s) 15 fnoperable. 1f the
inoperadble CEA 15 fmmovable as & result of excessive friction or
secnanica) interference or known to be untrippadble, the above re-
Quired SHLTDOWN MARGIN shall be verified acceptable with an incresses

e 8V lowance for the withdrawn worth of the femovable or untrippable
i CEA(s).

B.  when fn MODE 1 or MODE 2 with K ¢¢ Greater than or equal to 1.0, et
least once per 12 hours by nri'y‘ng that CEA group withdraws) 1s
within the Transfent Insertion Limits of Specification 3.1.2.6.

€. When fn MODE 2 with K Tess than 1.0, within & hours prior to
echieving reactor cﬂ!“nity by verifying that the predictes
critice) CEA position fs within the Yimits of Specification 3.).3.6

¥""See Special Test Exception 3.10.0.
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SURVEILLANCE REQUIREMENTS (Fzntinued)

d. Prior to initia) operation above SX RATED THERMAL POWER after each
fue) loading, by consideration of the factors of e. below, with the
CEA groups at the Transient Insertion Limits of Specification 3.1.3.6

€. When in MODE 3 or 4, at leas:y once per 24 hours by considerstion of
at least the following factors:

Reactor Coolant System boron concentration,

CEA position,

Reactor Coolant System average temperature,

Fue! burnup based on gross thermal energy generation,
Kenon concentration, and

Samarium concentration.

P

- 4.1.1.1.2 The overa)l core reactivity balance shall be compared to predictec
values to demonstrate agreement within « 1.0% delta k/k at least once per
3] Effective Fu)) Power Days (EFPD). This comparison shall consider at least
those factors stated in Specifization 4.1.1.1.1e., above. The predicted
reactivity values shal)l be adjusted (normalized) to correspond to the actua’
gore cond tions prior to exceeding a fue) burnup of 60 EFPD after each fuel
oading.

CEHALTO- LSS ~-5TS
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REACTIVITY CONTROL SYSTEMS

SHUTDOWN MARGIN - T _ . . LESS THAN OR EQUAL TO 210°F

<0

LIMITING CONDITION FOR OPERATION

3.1.1.2 The SHUTDOWN MARCIN shal] be greater than or egus) to 4. 0%
oelte k.

APPLICABILITY: M™ODE &

ACTION.

With the SHUTDOWN MARCIN less than 4 0% delte Lk, femeciately initiate anc
continue boration st greater than or egua) to 26 gpm to the reactor coolant
System of @ solution containing greater than or equal to 4000 ppr boron or
equivalent unti] the reguired SHKUTDOWN MARGIN 1s restored. -

SURVEILLANCE REQUIREMENTS

4.1.1.2 The SHUTDOWN MARGIN sha)l be determined to be greater than or enua’
to 4. 0% gelts Wk

8. Within 1 hour after detection of »~ nzderable CEA(s) and ot
Teast once per 12 hours thereaftsr while the CEA(s) s inoperadle.
If the inoperadble CEA 15 fmmovable as & result of excessive friction
or mechanical interference or known to be untrippable, the sbove
required SHUTDOWN MARGCIN sha)) be incressed by an amount st Teast
egual to the withdrawn worth of the fmmovable or untrippadble CEA(s).

B. At Taast once per 24 hours by consideration of the following
factors:

Reactor Coolant System boron concentration.

CEA position,

Reactor Coolant Syites average tempersture,

Fuel burnup based on gross therme) energy generation,
Kenon concentration, ang

Samarium concentration.

W 575 012
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MODERATOR TEMPERATURE COEFFICIENY

LIMITING CONDITION FOR OPERATION

3.1.1.3 The moderatc ' temperature coefficient (MT() shal)l be within the arez
of Acceptable Operation shown on Figure 3. 1-1

APPLICABILITY: MODES 1 anc 2%

ACTION:

With the moderator temperature coefficient outside the area of Acceptable
Operation shown on Figure 3.1-1, be in at least HOT STANDBY within € hours

SURVEILLANCE REQUIREMENTS

4.1.1.3.1 The MI( shall be determined to be within its limits by confirmatory
measurements. MIC measured values shal) be extrapolatsd and/or compensated to
permit direct comparison with the above limits.

£.1.1.3.2 The ¥MI( shall be Oetermined at the following frequencies and THERMAL
POWER conditions during each fuel cycle:

a. Prior to initia) operation above 5% of RATED THERMAL POWER, after
each fuel loading.

D. At any THERMAL POWER, within 7 EFPD after reaching & core average
exposure of 40 EFPD burnup into the current cycle.

€. At any THERMAL POWER, within 7 EFPD after reaching a core average
exposure eguivalent to two-thirds of the expected current cycle
eng-of-cycle core aversge burnup.

®With Keff greater than or equa) to 1.0.
#5ee Specia) Test E._eption 3.10.2.

s =TS k1
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REACTIVITY CONTROL SYSTEMS

— o —

TEMPERAT R CRITICALITY o J T TR I el
MINIMUM TEMPERATURE FOR CRITICALD leaf Loy ad Wi :

LIMITING CONDITION FOR OPERATION

3.1.1.4 The Reactor Coolant System Towest operating loop temperature (1

)
shall be greater than or equa) to 552°F. c2g

APPLICABILITY: MODES 1 anc 20*.

ACTION:

With 2 Reactor Coolant System operating loop tesperature ﬂco\d) Tess than
§52°F, restore wa Lo within its J1imit within 15 minutes or De in WOT
STANDEY within the next 15 minutes.

SURVEILLANCE REQUIREMENTS

4.1.1.4 The Reactor Coolant System temperature (7 Y shal)l be determ nec to

be greater than or equal o 582°F: cola
8. Within 15 sinutes prior to achieving reactor criticality, end

b. At least once per 30 minutes when the reactor is critical and the
Reactor Coolant System Tco'lo is Yess than S57°F.

Mith K." grester than or equal to 1.0.
*See Specia) Test Exception 3.10.5.

W “$T5  4i1s



REACTIVITY CONTROL SYSTEMS

3/4.1.2 BORATION SYSTEMS

FLOW PATHS - SHUTDOWN -PRUUF & ROVEW COPY

LIMITING CONDITION FOR OPERATION

3.1.2.1 As a minimum, one of the following boron injection flow paths shall be
OPERABLE:

2. 1f only the spent fuel pool in Speci‘ircation 3.1.2.5a. is OPERABLE,
8 flow path from the spent fuel pool via a gravity feed connection
and @ charging pump to the Reactor Coolant System.

b. 1f only the refueling water tark in Specification 3.1.2.5b. is
OPERABLE, & flow path from the efueling water tank via either 2
charging pump, a high pressure sifety injection pump, or & low pres-
sure safety injection pump to the Reactor Coolant System.

APPLICABILITY: MODES 5 and 6
ACTION:

With none of the above flow paths OPERABLE, suspend al) operations fnvolving
CORE ALTERATIONS or positive reactivity changes.

SURVEILLANCE REQUIREMENTS

4.1.2.1 At least one of the above reguired flow paths shall be demonstrated
OPERABLE at least once per 31 days by verifying that each valve (manual,
pover-operated, or sutomstic) in the flow path that is nrot locked, sealed,
or otherwise secured in position, 1s in its correct position.

SESAf8o Vs -STs 1,



REACTIVITY CONTROL SYSTRS ~ i 30w LU o pheay
P?\c\r EA RL!'L:{ -'[- |
FLOW PATHS - OPERATING _

LIMITING CONDITION FOR OPERATION

3.1.2.2 At least two of the following turee hor.o injection flow paths shal’
be OPERABLE:

8. gravity feed flow path 7rom either the hfuﬂing ‘ator \vu or the
pent fuel Rool “hrough CM-536 (RWT Gravity Feed Isolation Velve)
anc & charging pumi to the Reactor Coolant Systenm,

b. A grevity feed flow path from the ‘cfuning *ur Xunk through
Ch-327 (RWT Gravity Feec/Safety Injection Sysler Isolation Velve)
and & charging pump to the Reartor Coolant System,

the  the \ofuﬂing ter \.nk or the \pent \u!‘:
H-164/ (boric Acig Filter Bypass Valve), utilizing
Pravity faec and afcharging pump to the Reactor Coolant System

APPLICAEILITY: MODES 1, 2. 3, and a."\Cﬁ. el LW Agm\ FQBU\
ACTION Tae\ & e Vg ) v

With only one of the above reg.ired boron injection flow paths to the Reactor
Coolant System OPERAELE, restore at least two boron fnjection flow paths to the
Reactor Coolant System to OPERABLE status within 72 hours or be in at least HOT
STANDEY and borated to a SHUTDOW: MARGIN tquivalent to at Teast 6% delts K/k
8L 217°F within the next € hours; restore at least two flow paths to OPERAB.E
SLatus within the next 7 days or be 1n COLD SHUTDOWN within the next 30 hours.

SURVEILLANCE REQUIREMENTS

€.1.2.2 At Teast two of the above required flow paths she)’ be demonstrated
OPERABLE -

. A flow path ¢

& At Teast once per 31 days by verifying that each valve (manva),
power-operated, or sutomatic) fn the flow path that 1s mot locked,
serled, or otherwise secured in position, s 1n 1Ls correct position

B, AL Teast once per 18 months wher the Reector Coolant System 15 at
normal operating pressure by verifying that the flow path reguires
by Specification 3.1.2.2 delivers st least 26 gee for 1 charging
pump anc 68 gpr for two charging pumps to the Resctor Conlant Syster




REACTIVITY CONTROL SYSTEMS

CHARGING PUMPS = SHUTDOWN

PROJF & REVIEW COPY |

LImITING CONDITION FOR OPERATION

3.1.2.3 At least one charging pump® or one high pressure safety injection pump
or one low pressure safety injection pump in the boron injection flow path
required OPERABLE purs:ant to Specification 3.1.2.1 shall be OPER/BLE anc
capable of being powered from an OPERABLE emergency power source.

APPLICABILITY: MODES 5 and 6.

ACTION:

With no charging pump or high pressure safety injection oump or low pressure
safety injection pump OPERAZLE or capable of being powere~ from an OPERAELE
emergency power source, suspend all operations involvi.g CORE ALY™" TIONS or
positive reactivity changes.

SURVETLLANCE REQUIREMENTS A

4.1.2.3 No additiona) Surveillance Reguirements other than those regquired by
Specification 4.0.5.

ghenever the reactor coolant leve) is below the bottos of the pressurizer ir
MODE 5, one and only one charging pump shall be OPERABLE, by verifying at least
once per every 7 days that power is removed from the resaining charging pumps.

W”S “STS i1



REATTIVITY CONTROL SYSYEMS

CHARGING PUMPS - DPERATING F‘S:f & R., ".:‘I- B:?.l'
L

LIMITING CONDITION FOR CPERATION

3.1.2.4 At least twc charging pumps shall be OPERABLE
APPLICABILITY: MODES 1, 2, 3, end 4.
ACYION

With only one charging pump OPERABLE, restore it least two charging pumps to
OPERABLE status within 72 hours or be in at least MO/ STANDBY and horated tc -
SHUTDOWN MARGIN eguivalent to at Teast 6% delta k/k at 210°F within the next
6 hours; restore at least two charging pumps to OPERABLE status within the n
7 Gays or be in COLD SHUTDOWN within the next 30 hours.

SURVEILLANCE REQUIREMENTS

4.1.2.4 Ko additiona) Surveillance Requirements other than those required
by Specification 4.0.5.

C‘M 3/4 1-10



REACTIVITY CONTROL SYSTEMS

BORATED WATER SOURCES = SHUTDOWN . A b L

LIMITING CONDITION FOR OPERATION

3.1.2.5 As a minimum, one of the following borated water sources shall be
OPERABLE: - r
. o e TL
& The spent fuel pool with: ‘ \ 2
1. A minimum borated water volume of &&H—‘,nd .

2. A boron concentration of be ween 4000 ppm and 4400 ppw boron, anc
3. A solution temperature between 60°F and 180°F.
t. The refueling sater tank witi:

1. A wminimum contained borated water volume of “g“ﬁfhoo
snd

2. A boron concentration of between 4000 ppm and 4400 ppm boron,
and :

3. A solution temperature between 60°F and 120°F.
APPLICABILITY: MODES s‘.na cl

ACTION.

With no borated water sources OPERABLE, suspend all operations involving CORE
ALTERATIONS or positive reactivity changes until at least one borated water
source is restored to OPERABLE status.

SURVEILLANCE REQUIREMENTS

4.1.2.5 The above reguired borated water sources shall be demonstrated OPERABLE
a. At Neast once per 7 days by:
- 1. Verifying the boron concentration of the water, and

2. Verifying the contained borated water volume of the refueling
water tank or the spent fuel pool.

b. At least once per 24 hours by veriying the refueling watar tank
temperature when it is the source of borated water »nd the outside
air temperature is outside the &0°F to 120°F range.

€. At least once per 24 hours by verifying the spent fuel pool temperature
when it "5 the source of borateu water and frradiated fuel s present
in the pool.

W

WS -5 un
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REACTIVITY CONTROL SYSTEMS

ASE © PrTer NARSS '
BORATED WATER SOURCES - OPERATING PRUL. G R. L0 LU '

LIMITING CONDITINN FOR OPERATION

3.1.2.6 Each of the following borated water sources shal. be WPERABLE -
a. The spent fuel pool with:
1. A minimum borated water volume as specified in Figure 3.1-7, and
2. A boron concentration of between 4000 ppm and &40  ppm boron, and
3. A solution temperature between 60°F and 1BO°F.
b. The refueling water tank with:

1. A minimum contained borated water volume as specified in
Figure 3.1-2, and

2. A boron concentration of between 4000 and 4400 ppm of boron, and
3. A solution temperature between 60°F and 120°F.

APPLICAEILITY: MODES 1, 2.0 3@ ane &b

ACTION:

2. With the above reguired spent fuel pool inoperable, restore the pool
to OPERABLE status within 72 hours or be in at lTeast HOT STANDBY
within the noxt 6 hours and borvted to & SHUTDOWN MARGIN equivalent
to at leist 6% delta k/k at 210°F, restore the above required spent fuel poo
to OPERABLE status within the ne t 7 days or be in COL. SHUTDOWN
within the next 30 hours.

b. With the refueling water tank inoperable, restore the tank to OPERABLE
status vithin 1 hour or be in at Teast HOT STANDBY within the next
6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

-

4.1.2.6 Each of the above required borated water st.rces shall be demonstrated
OPERABLE:

&. AL least once per 7 days by:
1. Verifying the boron concentration in the water, and
2. Verifying the contained borated water volume of the water source.

. At least once per 24 hours by verifying the refueling water tank
mnm when the outside air temperature is outside the 60°F to
range.

¢€. At least once per 24 hours by verifying the spent fuel pool temperature
when irradiated fue) 15 present in the pool.

W%

PALO VERDE -~ UNIT 1 3/4 1-13




BORON DILUTION ALARMS e
LIMITING CONDITION FOR OPERATION -

3.1.2.7 Both startup channe) high neutron flux alarms shall be OPERAB.E.
APPLICABILITY: MODES 3%, 4, 5. and 6. |

ACTION.
8. With one stertup channe! high neutron flux alarm inoperable.

1. Determine the RCS boron concentration when entering MODE 3, 4,
S, or 6 or at the time the alarm is Oetermined to be {noperatie
From that time, the RCS boron concentration shall be determined
8t the applicable monitoring frequency in Tables 3.1-1 througt
2.1-5 by either boronometer or RCS sampling. ®*

b.  With both startup channel high neutron flux alares fnoperable:

1. Determine the RCS boron concentration by efther boronmeter anc
RCS sampling®™® or by independent collection and analysis of two
RCS samples when entering Mode 3, 4, or 5 or st the time both
slarms are determined to be inoperable. From that time, the
RCS boron concuntration shall be Getermined at the applicadle
sonftoring frequency in Tables 3.1-1 through 3.1-5, as applicatle,
by either boronmet.r and RCS sampling™* or by collection and
andlysis of two {ndependent RCS sampies. If redundant determina-
tion of RCS boron concentration cannot be sccomplished fmmediately,
suspend a1l operations fnvolving CORE ALTERATIONS or positive
reactivity changes unti) the method for Getzrwining and confirming
RCS boron concentration s restored.

2. When in MODE § with the RCS leve) below the centerline of the
hotleg or MODE 6, suspend a)) pperations fnvolving CORE
ALTERATIONS or posftive reactivity changes until at lTeast one
startup channel high neutron flux alare fs restored to OPERABLE
status.

€. The provisions of Specification 3.0.3 sre not applicadle.

© —SURVEILLANCE REQUIREMENTS

4.1.2.7 Each startup channe) high neutron flux alare shall be Gemonstrated
OPERABLE by performance of:

®wWithin 1 hour after the neutron flux is within the startwp range fo'lowing
& reactor shutdown.

**with one or mors reactor coolant p\15 (RCP) operating the sample should be
obtained from the hot leg. With mo RCP operating, the samplc should be
obtained from the discharge 1ine of the low pressure safety fnjection (LPS])
pump operating in the shutdown cooling mode.

W 515 i
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SURVEILLANCE REQUIREMENTS (Continued)

a. A CHANNEL CHECK:
1. At least once per 12 hours.
2. When initially setting setpoints at the following times:
a) One hour after a reactor trip.
) After a controlled reactor shutdown: Within 1 hour after
the neutron flux is within the startup range in MODE 3.

. A CHANNEL FUNCTIONAL TEST every 31 days of cumulative operation
during shutdown.

CESRRERESS TS 34 11



TABLE 3.1-1 | PRO0F & RVEW CoPY

‘% MONITORING FRESUENCIES FOR _BACKUP ¥
LUTION

Kett > 0.98

OPERATIONAL Mysber of Opereting Cherging Pyeps

MODE 0 1 2 3

3 12 hours 1 hour Jdperation not a)lowed

. 12 hours 1 hour Operation not a)lowed

5 RCS filled 8 hours 1 hour Operation not a1lowed

5 RCS partially

drairec Operation not allowed
(3 24 hours B hours 4 hours 2 hours

CERAERINS-T,,

For SISTEM®
EXTew) e Fliel
CYLLE
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TABLE 3.1-2 Fisdl & R?":L i‘. gncy

™ T

MONITORING FREQUENCIES FOR BACKUP BORUA .
DE% oN :
T Ao TOR 0.96 5 K, > 0.8

OPERATIONAL Number of Operating Charging Pumps

MODE 0 1 2 3
3 12 hours 2.5 hours 1 hour C.5 hours
3 12 hours 2.5 hours 1 hour 0.5 hours
5 RCS filled B hours 2.5 hours 1 hour 0.5 hours
S RCS partially

dra ned ¥ 8 hours C.5 hours Operation not allowed
(3 24 hours B8 hours 4 hours 2 hours

ﬁ%& VSR And

.

o, SYSTEM O

-

EXTENDED FLe
cycLe R
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TABLE 3.3-3 PRICE & REV.EW COPY

FREQUENCIES FOR BACKUP BORON DILUTION

MONITORING
ON

OPERATIONAL Number of Operating Charging Pumps
MODE 0 1 2 3
3 12 hours 3.5 hours 1.5 hours 1 hour
& 12 hours 3.5 hours 1.5 hours 1 hour
S RCS filled 8 hours 3.5 hours 1.5 hours 1 hour
S RCS partially
drained® 8 hours 1 hour Operation not a)lowed
4 & 264 hours & hours 4 hours 2 hours

Fog. SysTem &0
ExTeN)E) REL
Zsioh <Y C\LE

W -5 a1
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TABLE 3.1-4
MOWITORING FRE

UENCIES FOR BACKUP BORON DILUTION

| FREF & Pl T2

MOﬁnu > 0.95 ‘\
OPERATIONAL Number of Operating Charging Pumps

MODE 0 1 2 3

3 12 hours 5 hours 2 hours 1 hour

¢ 12 hours 5 hours 2 hours 1 hour

S RCS filled 8 hours 5 hours 2 hours 1 hour

5 RCS partially

grained¥ 8 hours 1.5 hours Operation not allowec
€ 24 hours B hours 4 hours 2 hours

*MT&W'& W\fﬁ 32123 will

LSRRI DI6-5TS 44 1

Fog SysTEm &0
EXENDED I FuEL
CYCLE




JABLE 3.1-5
NON’TORINU FRE

| PROCF & REVEW copy

UENCIES FOR BACKUP BORON DILUTION

Number of Operating Charging f'umps

OPERATIONAL
MODE 0 1 2 3
3 12 hours 6 hours 3 hours ; 1.5 hours
< 12 hours 6 hours 3 hours 1.5 hours
£ RCS filled 8 hours 6 hours 3 hours 1.5 hours

S RCS partially
draineadt 8 hours 2 hours

24 hours B hours

Operation not allowed

4 hours 2 hours

¥ Tt\-L T&)vmcnx

ML ol PRI

et 3.0.2.3

s wi e R

CESS AL~ NSss -STS s

R sysTem €0

ExTendey Fuel
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REACTIVITY CONTROL SYSTEMS

—— - - —

3/8.1.3 MOVABLE CONTRDL ASSEMBL1ES

Fuoor & ALV COFY |

CEA POSITION

LIMITING CONDITION FOR OPERATION

3.1.3.1 AN fuli-length (shutdown and regulating) CEAs, and all part-lengt:
CEAs which are inserted in the core, shall be OPERABLE with each CEA of &
given group positioned withip 6.6 inches (indicated position) of all other

EAs in itg group.

-Oi‘i4-h.-4i!ii.l-t0-ii.-ia..—t-.0-3dai‘o-.h.ww-ivr‘i1nn1-9!!-!!F-"

APPLICA

BILI

-

TY: MODES 1* and 2*.

ACTION.

With one or more full-length CEAs fnoperable due to being immovable
85 & result of excessive friction or mechanical interference or
known to be untrippable, determine that the SHUTDOWY MARCIN require-
ment of Specification 3.1.1.1 is satisfied within i hour and be in
at least HOT STANDEY within 6 hours.

With more than one full-length or part-length CEA inoperable or
misaligned from any other CEA in its group by more than 19 inches

(

indicated position), be in at least HOT STANDEY within 6 hours.

With one or more full-length or part-length CEAs misaligned from any
other CEAs in its group by more than 6.6 inches, operation in MODES 1
and 2 may continue, provided that

3

within 1 hour the misaligned CEA(s) is
ither:

Restored to OPERAELE status within its above specified alignment
requirements, or

Declared inoperable and the SHUTDOWN MARGIN reguirement of
Specification 3.1.1.1 is satisfied. After declaring the CEA(s)
fnoperable, operation in MODES 1 and 2 may continue pursuant to
the requirements of Specification 3.1.3.6 provided.

&) Within 1 hour the remainder of the CEAs in the group with
the inoperable CEA(s) shal) be aligned to within 6.6 inches
of the inoperable CEA(s) while maintaining the a)lowable CEs
sequence and insertion Timits shown on Figurel 3.1+ 3 caatee

wduwind, the THERMAL POWER leve) shall be restr cted pur-
surnt to Specification 3.1.3.6 during subseguent operation

"See Specia) Test Exceptions 3.10.2 and 3.10.4.

ESART0~ 55 ~5Ts 3/4 1-21



PROOF & REVIEW COPY o) amaaitlodl be m&*‘\u.Lcm_)

LIMITING CONDITION FOR OPERATION (Continued) @

ACTION: (Continued)

b) The SHUTDOWN MARGIN reguirement of Specification 3.1.1 1
is determined at lessi once per 12 hours.

Otherwise, be in at least N07>STAN£BY within €& hours.

€. With one full-length CEA inoperable due to causes other than
8coressed by ACTION a. , above [but wit s abov sCITied align-
sent requirements, operation 1n MODES 1 end 2 may continue pursuant
1o the requirements of Specificetion 3.1.3.6.

€. With one part-length CEA fnoperable and inserted in the core,
operation may continue provided the alignment of the inoperable part
Tength CEA 15 maintained within 6.6 inches (indicated position) of
a1l other part-length CEAs in its group.

SURVEILLANCE REQUIREMENTS

4.1.3.1.1 The pouition of each full-length and part-length CEA shal) be
Getermined to be within 6.6 inches (Indicated position) of all other CEAs in
fts group st Teast once per 12 hours except during time intervals when one CEAC
fs fnoperable or when both CEACs are fnoperable, then verify the individua) CEa
positions at least once per 4 hours.

4.1.3.1.2 Eech full-length CEA not fully fnserted and each part-length CEA

which {5 inserted in the core shal)l be determined to be OVERABLE by movement
of at least 5 inches in any one direction at least once per 31 days.

W’sﬁ ¥4 2-22



REACTLIVITY CONTROL SYSTEMS

POSITION INDICATOR CHANNELS - OPERATING \—";mgf & RN-N l‘.OPY

LIMITING CONDITION FOR OPERATION

3.1.3.2 At least two of the following three CEA position indicator channels
shall be OPERAELE for each CEA:

8. CEA Reed Switch Position Transmitter (RSPT 1) with the capability ot
determining the absolute CER positions within 5.2 inches,

b. CEA Reed Switch Position Transmitter (RSPT 2) with the capability of
detersining the absolute CEA positions within 5.2 inches, and

c. The CEA pulse counting position indicator channel.
APPLICABILITY: WMODES 1 and 2.
ACTION:

With a saxisum of one CEA per CEA group having only one of the above required
CEA position indicator channels OPERABLE, within 6 hours either:

2. Restore the inoperable position indicator channe) to OPERABLE
status, or

b. Be in a2t Teast MOT STANDEY, or

c. Position the CEA group(s) with the fnoperable position indicator(s)
at 1ts fully withdrawn porition while meintaining the requirements
of Specifications 3.1.3.. and 3.1.3.6. Operation may then continue
provided the CEA group(s) with the inoperable position indicator(s)
is maintained fully withdrawn, e.cept during surveillance testing
pursuant to the reguiresents of Specification 4.1.3.1.2, and each

" CEA in the group(s) s werified fully withdrawn at least once per
- 12 hours thereafter by its "Full Out" limit.*

SURVEILLANCE REQUIREMENTS

4.1.3.2 Each of the above required position indicetor channels shall be

Geternined to be OPERABLE by verifying that for the same CEA, the position

Lnoicnor channels agree within 5.2 inches of each other at least once per
hours.

ully withdrawn (Full Out) when withdrawn to st Teast 184 .75 inche
(093 A’Cﬁ) ’ e
W"&"’S 3/4 1-)( n%




REACTIVITY CONTROL SYSTEMS

T e Ry, |
Fu-uf < .i;n.."? cf"‘"

POSITION INDICATOR CHANNELS - SHUTDOWN J ——
LIMITING CONDITION FOR OPERATION

3.1.3.3 At least one CEA Reed Switch Position Transmitter indicator channe)
shall be OPERABLE for each shutdown, regulating or part-length CEA mot fully
insertec.

APPLICABILITY: MODES 3%, 4%, and 5*.

ACTION:

With less than the above required position indicator channel(s) OPERABLL,
fmmediately open the reactor trip breakers.

SURVEILLANCE REQUIREMENTS

4.2.3.3 The above reguired CEA Reed Switch Position Transmitter indicator
channel(s) shall be determined to be OPERABLE by performance of & CHANKEL
FUNCTIONAL TEST at least once per 18 months.

3
With the reactor irip breskers in the closed position.

SN STs sk,
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REACTIVITY CONTROL SYSTEMS

CEA DROP TIME PROF & REVIEW COPY

LIMITING CONDITION FOR OPERATION

3.1.3.4 The individual full-length (shutdown and regulating) CEA drop time,
from a fully withdrawn position, shall be less than or equa’ to 4 seconds from
when the electrical power is interrypted to the CEA drive mechanism until the
CEA reaches its 90% insertion position with: -

"I | greater than or equal to 552°F, ang

cold
b. A1) reactor coolant pumps operating.
APPLICABILITY: MODES 1 and 2.

ACTION:

8. With the drop time of any full-length CEA determined to exceed
the above limit, restore the CEA drop time to within the above
limit prior to proceeding to MODE i or 2.

SURVETLLANCE REQUIREMENTS

4.1.3.4 The CEA drop time of f.i)-iength CEAs shal)l be demonstrated through
seasurement prior to reactor cmuicality:

8. For all CEAs foilowing each remova)l and reinstaliation of the reactor
vesse)! head,

b. For specifically affected individua) CEAs following any maintenance
on or mudification to the CEA drive system which co.le affect the
drop time of those spu-ific CEAs, and

€. At least once per 18 months.



REACTIVITY CONTROL SYSTEMS
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SHUTDOWN CEA INSERTION LIMIT ' ngd:. & Rlllk'.t LT

!
il

N
'

r

LIMITING CONDITION FOR OPERATION

(\2% /-th)
3.1.3.5 A)) shutdown CEAs shal)l be withdrawn to at least 144 .75 1nchf’r’
APPLICABILITY: MODES 1 and 2%#.

sl 0193 S4?)

With » maximum of one shutdown CEA withdrawn to less than 144 75 inches
except for surveillance testing pursuant to Specificetion 4.1.3.1.2,
within 1 hour either:

13 ateps)
e Withdraw the CEA to at Teast 144 .75 fncheyf or

b. Declare the CEA inoperable and apply Specification 3.1.3.1.

SURVEILLANCE REQUIREMENTS

4.1.3.5 Each shutdown CEA shall be deterwined to be withdrawn to at least

14475 mmi\( 273 ‘w

8. Within 15 sinutes prior to withdrawa)l of any CEAs in regulating
groups during an approach to reactor criticality, anc

b. At lTeast once per 12 hours thersafter.

¥
See Special Test Exception 3.10.2.
Pvith Kggs Grester than or equal to 1.

CETARMNSSS-5TS |/



REGULATING CEA INSERTION LIMITS \ praot & REVEW COPY -

e

LIMITING CONDITION FOR OPERATION

3.1.3.6 The regulating CEA groups sha)) be Yimited to the withdraws) seguerce
and to the insertion 1imitsd® shown on Figure 3. 1- 3" Lummhomdiheiitbitetn.

. e
fnsertion latween the Long Term Steady Stete Insertion Limits and the Trans-
fent Insertion Limits @ restrictes to

v Less than or equa) to & hours per 24 hour interva),

b. Less than or equal to 5 Effective Full Power Days per 30 Effective
Full Power Day interva)l, ang

€. Less than or equa) to 14 Effective Fu) Power Days per 18 Effective
Full Power Morths.

APPLICABILITY: MODES 1* ang 2%¢.

ACTION

6. With the regulating CEA groups fnserted beyond the Transient
Insertion Limits, except for surveillance testing pursuant to
Specification 4.1.3.1.2, within 2 hours efther:

1. Restore the regulating CEA groups to within the 1imits, or

2.  Reduce THERMAL POWER to less than or egua) to that fraction of
RATED THERMAL POWER which 15 allowed by the CEA group pesition
using Figuradl 3.1-3 muuieiet

b. Wi UL gurating CEA grou,® inserted between the Long Ters Stead,

State Insertion Lirits and the Transient Insertion Limits for intervals

greater than 4 hours per 24 hour interval, operation mey proceed

provided efther:

1.  The Short Ters Steady State Insertion Limits of Figure 3.1-3
eakepammiade® e not exceeded, or

2.  Any subsequent fncrease in THERMAL POWER s restricted to less
than or equa) to 5% of RATED THERMAL POWER per hour.

¥Eee Special Test Exceptions 3.10.2 and 3.10.4.
Pwith K“, greater Lhan or equal teo 1.

®ECEAs are fully withdrawn fn accordance with Figure 3.1-3 cpeefdgunpeiriad. vhe
withdrawn to at Teast 144.75 inches (14D Hepe),

‘ W power cutback w v r (Case ] gulating Growp 5 ¢
egulating and 5 to be dropped with no segquentia) e
aoditiona) Regula Rups (Growps 1, 2, 3, ang ¢ 2) Regulating

Growp 5 or Regulating Growp wped with all or part of the
ressining Regulating Groug T 1, nd 4) being sequentially

inserted. In e, the Transient InseriTe git and the withdrews)
seque gure 3.1-3 SRR con be exceedel 2 to 2 hours

A AT AT AT, G
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Follow(FT & reactor power cutback in which (1) Regulating Group 5 1s
dropped or (2' Regulating Groups 4 and § are dropped anc for cases (1)
ané (2) shou'd the remaining Regulating Groups (Sroup 1, 2, 3, anc &)
be sequentially fnserted, the Transfent Insertion Limit of Figure 2.1-3
can be exceeded for up to 2 hours. Also for cases (1) and (Zg. the
specified overlap between Regulating Groups 3, 4 and § can be exceecec
for up to 2 hours.

!



REACTIVITY CONTROL SYSTEMS

PRODF & ROVEW CCPY

ACTION: (Continued)

€. With the regulating CEA groups inserted between the Long Term Stead,
State Insertion Limits and the Transient Insertion Limits for intervals
greater than 5 EFPD per 30 EFPD interval or greater than 14 EFPD per
18 Effective Full Power Months, either:

1. Restore the regulating groups to within the Long Terwm Stead,
State Insertion Limits within 2 hours, or

2. Be in at least HOT STANDEY within & hours.

SURVE]' LANCE REQUIREMENTS

4.1.3.6 The position of each regulating CEA group shall be determinec to be
within the Transient Insertion Limits at least once per 12 hours except during
time intervals when the PDIL Auctioneer Alare Circuit is inoperadle, then
verify the individua) CEA positions at least once per & hours. The accumulated
times during which the regulating CEA groups are inserted beyond the Long Term
Steady State Insertion Limits but within the Transient Insertion Limits shall
be determined at least once per 24 hours.

CESSALED-NSSS -STS i ’;{‘
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3/8.2 POWER DISTRIBUTIOW LIMITS
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378 2.1 LINEAR HEAT RATL

LIMITING CONDITION FOR OPERATION

3.2.1 The linear heat rate shall not exceed 14.0 kw/ft

APPLICABILITY: MODE | above 20% of RATED THERMAL POWER.

ACTION:

With the linear heat rate exceeding its limits, as indicated by either (1) the
COLSS calculated core power exceeding the COLSS calculated core power operating
limit based on KW/ft; or (2) when the COLSS is not deing used, any OPERABLE
Loca) Power Density channe)l exceeding the linear heat rate limit, within

15 minutes initiate corrective action to reduce the linear heat rate to within
the limits and either:

& Restore the linear heat rate to within (ts limits within 1 hour, or
. Reduce THERMAL POWER to less than or egua! to 20% of RATED THERMAL
POWER within the next & ho.rs.

SURVEILLANCE RCQUIREMENTS

4.2.1.1 The provisions of Specification 4.0.4 are not applicable.

4.2.1.2 The Yinear heat rate sha)) be determined to be within its limits when
THERMAL POWER is above 20% of RATED THERMAL POWER by continuously monitoring
the core power distribution with the Cric .perating Limit Supervisory System
(COLSS) or, with the COLSS out of service, by verifying at least once per

2 hours that the linear heat rate, as ingicated on al) OPERABLE Loce) Power
Density channels, is less than or equal to 14.0 kw/ft.

4.2.1.3 At least once per 31 days, the COLSS Margin Alarm shall be verified to
actuate at @ THERMAL POWER leve) less than or equa) to the core power operating
limit based on 14 .0 kwW/ft.



POWER DISTRIBUTION LIMITS

3/6.2.2 PLANAR RADIAL PEAKING FACTORS - F \?m:f & RNEW (:BPY

LIMITING CONDITION FOR OPERATION e

3.2.2 The measured PLANAR RADIAL PEAKING FACTORS (r':_y) shall be less than or
equa) to the PLANAR RADIAL PEAKING FACTORS (F:y) used in the Core Operating
Limit Supervisory System (COLSS) and in the Core Protection Calculators (CPC)
APPLICARILITY: MODE 1 above 20% of RATED THERMAL POWER. ™

ACTION:

With an F:y exceeding a correspondirg Fiy, within 6 hours either:

a. Adjust the CPC vddressab e constants to increase the suitiplier
applied to planar radial peaking by a factor equivalent to greater
than or equal to F:y/F:y and restrict sub.eguent operation so that a
sargin to the COLSS operating limits of at Teast [(r:y"'iy) - 1.0)
x 100% is maintained; or

b, Afjust the affected PLANAR RADIAL PEAKING FACTORS (riy) used in the
COLSS and CPC to a value greater than or egual to the measured
PLANAR RADIAL PEAKING FACTORS (r:'y) or

c. Reduce THERMAL POWER to less than or equal to 20% of RATED THERMAL
POWER.

SURVEILLANCE REQUIREMENTS

-

4.2.2.1 The provisions of Specification 4.0.4 are not applicadble.

4.2.2.2 The measured PLANAR RADIAL PEAKING FACTORS (F:,) obtained by using
the incore detection system, shal) be determined to be less than or equal to
the PLANAR RADIAL PEAKING FACTORS (r:,). used in the COLSS and CPC at the
following intervals:

a.  After each fuel loading with THERMAL POWER greater than 40% but
prior to operation above 70% of RATED THERMAL POMER, and

b. At least once per 31 Effective Full Power Days.
¥Tee Special Test Exception 3.10.2.

W -STs 3/4 2-2
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POWER DISTRIBUTION LIMITS e —
/4.2.3 RIATHAL POVER TIUT - T, (Bt & b 2 O

LIMITING CONDITION FOR OPERATION

3.2.3 Th AZIMUTHAL POWER TILY (Tq) shall be less than or equal to the AZIMUTHAL
POWER "iLT Allowance used in the Core Protection Calculators (CP(s).

APPLICA3ILITY: MODE ) above 20% of RATED THERMAL POWER.™
ACTION:

8.  With the measured AZIMUTHAL POWER TILY determined to exceed the
AZ MUTHAL POWER TILT Allowance used in the CP(s but less than or egua)
to 0.10. within 2 hours either correct the power tilt or adjust the
AZIMUTHAL POWER TILT Allowance used in the CP(s to greater than or
equa) to the seasured value.

b. With the measured AZIMUTHAL POWER TILT determined to exceed 0.10:

1.  Due to misalignment of either & part-length or full-length CEA,
within 30 minutes verify that *he Core Operating Limit Supervisory
System (COLSS) (when CULSS is being used to monitor the core
power distribution per Specifications 4.2.1 and 4.2.4) is
detecting the CEA misalignment.

2. Verify that the AZIMUTHAL POWER TILY is within its Tisit within
2 hours after exceeding the limit or reduce THERMAL POWER to
Tess than S0% of RATED THERMAL POWER within the next ° hours
and verify that the Variable Overpower Trip Setpoint has been
reduced as wppropriate within the next 4 hours.

3. ldentify an orrect the cause of the out of limit condition

- prior to increasing THERMAL POWER, subsequent POWER OPERATION

above S0% of RATED THERMAL POWER may proceed provided that
the AZIMUTHAL POMER TILYT is verified within its limit at least
once per hour for 12 hours or until verified acceptadble at
95X or greater RATED THERMAL POWER.

¥
See Special VTest Exception 3.10.2.

3/4 2-3



POWER DISTRIBUTION LIMITS FRO3F & REVIEW COPY

SURVEILLANCE REQUIREMENTS

4.2.2 1 The provisions of Specification 4.0 & are not applicable.

4.2.3.2 The AZIMUTHAL POWER TILY shal) be determined to be within the limit
above 20% of RATED THERMAL POWER by:

b.

Continuously monitoring the tilt with COLSS when the COLSS is OPERABLE.

Calculating the tilt at least once per 12 hours when the COLSS is
inoperable.

Verifying at least once per 3] days, that the CULSS Azimuthal T
Alarm s actuated at an AJIMUTHAL POWER TILY
the AZIMUTHAL POWER TILY Allowance used in the CPCs.

Using the incore detectors at least once per 31 EFPD to independently
confirm the validity of the COLSS ~alculated AZIMUTHAL POWER TILT.

CESSARRO-Ds ST |



POWER DISTRIBUTION LIMITS
o bk & f\
3/6.2 4 DNER MARGIN PO L TV o B?Y“

LIMITING CONDITION -CR OPERATION

3.2.4 The DNBR margin shall be maintained by operating within the Region of
Acceptable Operation of Figure 3.2-1 or 3.2-2, 88 lppliublc. OO i S
- :  —drettortebiad ;

APPLICABILITY: WODE ) above ZU% of WATED THERMAL POWER. ~
ACTION:
With operation outside of the region of acceptable creration, as indicated

o either (1) the COLSS calculated core power exceeding the COLSS calculated core

3
¢

power operating limit based on DNBR, or (2) when the COLSS is not being usec,
any OPERABLE Low DNBR channe! below the DMBR Tiwmit, within 15 minutes inftiate

iﬁrriikive action to restore either the DAER cove power operating limit or
®

tr within the Timits and either: W
¢.  Restore the DNBF core power operating limit or DNER to within fts

limits within 1 hou-, ¢°

b. Reduce THERMAL POWER to lets than or equé) to 20% of RATED THERMAL
POWER within the next € hours.

SURVEILLANCE REQUIRFMINTS

4.2.4.1 The provisions of Specification 4.0.4 are not applicadle.

4.2.4.2 Tre DR :a1] be determined to b2 within its limits when THERMAL
POWER i» above 20® of RATED THERMAL POWER by continuously monitoring the
core power distribution ~ith the Core Opersting Limit Supervisory System
{COLSS) or, with the COLSS out of servicy, by verifying at lesst once per
2 hours that the DNBR margin, as indicate. o~ o%i OPERABLE DNER margin
channels, fs within the 1imit shown on Figure 3.2-2.

4.2.4.3 At least once per 31 cays, the COLSS murgin Alare shall be verified
to actuste at & THERMAL POWER Teve)l less thar or esual to the core power
operating limit base” L. UNBR.

4 244 Trv:%¢i\owing DNBR or ecuivalent pensity factors shell be verified to
be includes in the COLSS and CPL DNBR calculetions at least once per 31 EFPD.

)
Burngp ‘N0 " - - -DMBL Peralty (%)"
0-10 ‘ C.
40~ 20 L 1.0
20-31 2.0
30-4L 3.5
€750 5.5

¥The peraity for each baten will be determined from the betch's saximum burnup
assemt )y and applied to the batch's maximum radia) power peak assembly A
single net penelty for JOLSS and OPC will be determined from the penalities
associated with sach batch accounting for the offsetting marginy due to th:
lower radia)l powe~ peaks in the higher burnup batches.

b Al ey /4 25
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POWER DISTRIBUTION LIMITS

3/8. 2.5 RCS FLOW RATE l PR0OF & REVIEW COPY

LIMITING CONDITION FOR OPERATION

-

3.2.5 The actua) Reactor Coolant System total flow rate shall be greater thar
or equa) to 168.0 x 10% 1bm/hr.

APPLICABILITY: WMODE :.
ACTION:
With the actua)l Reactor Coolant System tota) flow rate determined to be less

gthan the above limit, reduce THERMAL POWER 1o less than 5% of RATED THERMWAL
POWER arithin the mext 4 hours. .

SURVEILLANCE REQ!'IREMENTS

425 The actus) Reactor Coolant System tota) flow rate shall be determined
10 be greater than or equal to its limit at least once per 12 hours. -



POWER DISTRIBUTION LIMITS

3/4.2.6 NEACTOR COOLANT COLD LEG TEMPERATURE Pmef & RN;EW cgp‘{

LIMITING CONDITION FOR OPERATION

3.2.6 The }‘I:tcr tGohnt A\o )‘g }‘Qﬂltun (‘lc) shal) be within the Aresz
of Aciceptable Operdtion shown in Figure 3.2-3.

APPLICABILITY: MODE 1* and 2'
ACTION
Vith the reactor coolant cold Teg temperature exceeding its limit, restore the

temperature " #ithin 1ts limit within 2 hours or be in HOT STANDEY within
the next € 1.5,

- SURVEILLANCE REQUIREMENTS

4.2.6 The reactor coclant cold leg temperature shall be determined to be
thin 1ts Yimit at least once per 12 hours.

®See Specia) Test Exception 3.10.4.

ey e e
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POWER DISTRIBUTION LIMI'.
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LIMITING CONDITION FOR OPERATION

3.2.7 The core average AXIAL SHAPE INDEX (ASI) shall be maintained within the
following limits:

a. COLSS OPERABLE
-0.28 < ASI < 0.28

b. COLSS OUT OF SERVICE (CPC)
-0.20 < AS] < + 0.20

APPLICABILITY: MODE 1 above 20% of RATED THERMAL POWER™.
ACTION:

With the core average AXIAL SHAPE INDEX outside its above limits, restore
the core average ASI to within fts limit within 2 hours or reduce THERMAL
POWER to less than 20% of RATED THERMAL POWER within the next &4 hours.

SURVEILLANCE REQUIREMENTS

4.2.7 The core average AXIAL SHAPE INDEX shall be determined to be within its
limit at least once per 12 hours using the COLSS or any OPERABLE Core Protection
Celculator channel.

¥
See Special Test Exception 3.10.2.

3/4 2-1)
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3/4.2.8 PRESSURIZER PRESSURE Y Ay Gury ‘

LIMITING CONDITION FOR OPERATION

3.2.8 The pressrrizer pressure shall be maintained between 1815 psia anc
2370 psia.

APPLICABILITY: MOu.f> 1 and 2.°

ACTION:
With the pressurizer pressure outside its above limits, restore the pressure

to within its limit within 2 hours or be in at least HOT STANDBY within the
next 6 hours.

SURVEILLANCE REQUIREMENTS

4.2.8 The pressurizer pressure shall be determined to be within its Timit at
least once per 12 hours.

*See Special Test Exception 3.10.5

W -57s 3/4 2-12



3/4.3 INSTRUMENTATION

3/8.3.1 REACTOR PROTECTIVE INSTRUMENTATION

s ST LA - W — P—

LIMITING CONDITION FOR OPERATION

3.3.1 As a minimum, the reactor protective instrumentation channels and
bypasses of Table 3.3-1 shal)l be OPERABLE with RESPONSE TIMES as shown in
Table 3.3-2. '

APPLICABILITY: As shown in Table 3.3-1.

ACTION:

As shown in Table 3.3-1.

SURVEILLANCE REQUIREMENTS

4.3 1.1 Each reactor protective instrumentation channel shall be demonstratecd
OPERABLE by the performance of the CHANNEL CHECK, CHANNEL CALIBRATION and
CHANNEL FUNCTIONAL TEST operations for the MODES and at the freguencies shown
in Table 4.3-].

4.3.1.2 The logic for the bypesses shall be demonsirated OPERABLE prior to
each reactor startup unless performed during the preceding 92 days. The tota’
bypass function shal)l be demonstratec OPERABLE at least once per 18 months
during CHANNEL CALIBRATION testin, of each channe)l affectec by bypass operation

4.3.1.3 The REACTOR TRIP SYSTEM RESPONSE TIME of each reactor trip function
sha)]l be demonstrated to be within its 1imit gt least once per 1B months.

Each test shal)l include at least one channel per function such that all channels
are tested #t least once every N times 1B months where N is the tote) number

of redundant channels in a specific reactor trip function as shown in the

“Total No. of Channels” column of Table 3.3-1.

_4.3.1.4 The isclation characteristics of each CEA isclation amplifier shall
be verified at least once per 18 months during the shutdown per the following
tests for the CEA position isolation amplifiers:

8. With 120 volts A.C. (60 Hz) spplied for at lTeast 30 seconds across

the output, the rezding on the input does not change by more than
0.015 volt D.C. with ar applied input voltage of 5-10 volts D.C.

ELMIONTESTS 00,
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INSTRUMENTATION —l
SURVEILLANCE REQUIREMENTS (Continued) V

b. With 120 .0lts A.C. (60 H2) applied for at 1zast 30 seconds across
the inpui, the reading on the output does not exceed 15 volts D.C.

4.3).5 The Core Protection Calculators shall be determined OPERABLE at least
once per 12 hours by verifying that less than three auto restarts have occurred
on each calculater cduring the past 12 hours. The auto restart periodic tests
Restart (Code 30) and Normal System Load (Lode 33) shall not be included in this
total.

4.3.1.6 The Core Protection Calculators shall be subjected to a CHANNEL
FUNCTIONAL TEST to verify OPERABILITY within 12 hours of receipt of a High CPC
Cabinet Temperature 2larm.

SERRLEREE-5Ts 4,
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TABLE 3.3-1

REACTOR PROTECT{VE INSTRUMFNTATION

FUNCTIONAL UNTT

1. TRIP GENERATION

A. Process
Pressurizer Pressure - High
Pressurizer Pressure - Low
Steam Generator level - low
Steam Generator lLevel - MWigh
Steam Generator Pressure - low
Contatrment Pressure - High
Reactor Coolant Flow - Low
Local Power Donsity - Wigh
DNBR - lLow

I I

B. Excore NMeutron Flux
1. Variable Overpower Trip
2. logarithmic Power Level - High
a. Startup and Operating

b. Shutdown

C. Core Prutection Calculator System
1. CFEA Calculators
2. Cecre Protection Calculators

la l~i"lnﬁ\ ia;gj.a
. _A
TR ae L o

TOTAL NO. CHANNE ! 5
OF CHAMNELS 1O TRIP_
4 b4
+ 2 (b)
475G 275G
4/5G 2756
4/56 2756
4 2
4/56G 2/56G
4 2 (c)(d)
“ 2 (c)d)
2 2
4 Z2 (a)(d)
L] 2
L 0
2 1
4 2 (c)(d)

P

MINTMM
CHANNE LS
OPFRABLE

/56
3/56
1/56

3/56

-

-3 [
[ iy |
L A
2
=23
L
¢
APPLICASLE e
_mooes \OTTIN
1, 2 g’f A
1, 2 e
i, 2 G
1, 2 Pl o
12,1, &0 2 4
1. 2 o o
1. 2 i o
1. 2 P o
1, 2 R o
1, 2 i
1, 2 i
. 4, 5% B
1.4, % .
1, 6, 7
1. M P



TABLE 3.3-1 (Continued)
REACTOR PROTECTIVE INSTRUMENTATION

MINIMIM
! TOTAL WNO. CHANNE LS CHANNELS APPLICAB!' E
i FUNCTIONAL UNIT OF CHANNELS 10 TRIP OPERABLE  _ MODES _ ACTION
D. Suppiementary Protection System
Pressurizer Pressure - High 4 (1) 2 k) 1, 2 R
1 11. RPS LOGIC
a A. Matrix Logic 6 1 3 s 8 i
nEE b 1 3 *, 4, 8
B. 'ln‘lfjtion Logic 4 2 4 1, ? 5
w ‘ ‘ 2 . 4, 0 8
@ 111 RPS ACTWATION DEVICES
» ' N
A. Reactor Trip Breaker 4(f) 2 4 1, 2 5
4 0 ' a (1) 2 ' *, 4%, 5 8
B. Manua] Trip 4 (N 2 4 1, 2 5
: A q(f) 2 Ll 3. &, 5 n

1409 RT3 400U
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®With th protective system trip breakers in the closed pasition, the LIA
grive system capadle of CEA withdrawa), and fue)l in t*- reactor vesse)

#The provisions of Specification 3.0.4 are not applicadle.

(a) Trip may be manually bypassed above 10-*% of RATED THERMAL POWER,
bypass shall be automatizally removed when THERMAL PC " ‘s less than or
equal to 10-*% of RATED THERMAL POWER.

(b) Trip may be manue)ly bypassed below 400 psis; bypass sha)) be
automatically removed whenever pressurizer pressure s greater than or
equal to 500 psis.

{(c) Trip may be manually bypassed below 1% of RATED THERMAL POWER,
bypass shal)l be automatically removed when THERMAL POWER is greater than
or egua) to IX of RATED THERMAL POWER.

(g) ;rig B2y be bypassed during testing pursuant to Special Test Exception
.10.3.

(e) See Specia) Test Exception 3.10.2.

(f) There are four channels, each of which 1s comprised of one of the four
reactor trip breskers, arranged in a selective two-out-of-four
configuration (i.e., one-out-of-two taken twice)

ACTION STATEMENTS

ACTION 1 = With the number of channes OPERABLE one less than required by
the Minimuw Channels OPERAELE regquirement, restore the inoperable
channe) to OPERABLE status within 48 hours or be in at least
HOT STANDEY within the next 6 hours and/or open the protective
syitem Lrip Dreakers.

“ALTION 2 - With the number of channels OPERAELE one less than the Tote)
Number of Channels, STARTUP and/or POWER OPERATION mey continue
providec the inoperable channel s placed in the bypassed or
trippec condition within 1 hour. If the fnoperable channe® is
bypessed, the desirability of maintaining this channel in the
bypesied condition shall be reviewed in sccordence with
Specification €.5.1.6. The channe) sha)l be returned to
OPERABLE status no Ta than during the next COLD SHUTDOWN.

of AdwimaaRnitiwe Urinels
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ACTION STATEMENTS

o

With a channel process measurement circuit that affects
sultiple functional units inoperan’e or in test, bypass or
trip all associated functional units as listed bhelow:

2. Pressurizer Pressure - High
(Narrow Ranye)

3. Steam Generator Pressure -

Low

4. Steam Cenerator Level - Low

(Wide Range)

5. Core Protection Calculator

ACTION 3 -

Process Measurement Circuit

Linear Power
(Subchanne) or Linear)

Fuactional Unit: .
Lypassed/Tripped

Variable Overpowser (RPS)
Local Power Den: ¢y = tigh (RPS)
DNER = Low (RPS)

Pressurizer Pressure - bigh (RPS)
Local Prwe: Dersity = High (RPS)
DNBR  cow (RPS)

Steam Generator Pressure - Lov
Steam Generator Level l-lLow (ESF,
Steam Generator Leve! 2-Lov (ESF)

Steam Generator Leve)! = Lrw (RPS)
Steam Generator Level 1-L¢w (ESF)
Steam Generator Leve! 2-Lows{ESF)

Local Power Density - Hig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>