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Rapulatory File Cy-

Commonwealth Edison Company

ONE FIRST NATIONAL PLAZA % CHICAGO, ILLINOIS

Address Reply to:

POST OFFICE BOX 767 % CHICAGO, ILLINOIS 60690

January 19, 1971

Dr. Peter A, Morris, Director
Division of Reactor Licensing
U.S, Atomic Energy Commission
Waskington, D.C, ' 20545

Subject: Proposed Change No. 8 to Appendlx A
of DPR-19, AEC Dkt 50-237

Dear Dr. Morris:

Pursuant to Section 50.59 of 10 CFR Part .50 and Paragraph
3 B of Facility License DPR-19, Commonwealth Edison hereby submits
Proposed Change No., 8 to Appendlx A of DPR-19 (Dresden Unit 2).
The changes requested in this proposed: change are in Sections 1.1
and 2,1 on Fuel Cladding Integrlty and in Section 3.2 on Protection
Instrumentation., The specific changes are as follows:

Replace Sections 1.1 and 2,1 (pages 6=23) with new
Sections 1,1 and 2.1 (pages 6-19) - attached.:

Replace Table 3.2.3 (Instrumentation that Initiates
Rod Block) with a new.Table.3.2.3 - attached.

The purpose of the changes requested in this proposed
- change is to permit the completion of the 100% portion of the Dresden
_Unit 2 starteup test program. This portion of the power test program
involves operation of the reactor.recirculation pumps at maximum speed
i(approximately 115% of design recirculation flow) and reactor operation
at neutron-flux - recirculation flow combinations which are prohibited
by the APRM flow biased scram and rod block trip level :3ettings :
presently in Appendix A to DPR-19, Accordingly, the spe01f1c changes
which are required to complete the 100% power test program are the
extension of the core thermal safety limit (Figure 1.1.1) from 100%
to 120% of design recirculation flow and the change in the slope of
the APRM flow biased scram and rod block curves (Figure 2,1,1.and ‘
Table 3.2.3) from 0.745 to 0.650. However, in the interests of estab-
lishing compatibility between Appendix A of DPR-19 and Appendix A of
DPR=25 (Dresden Unit 3), Sections 1.1 and 1.2 and Table 3.2.3 are
submitted in their entirety and are identical to the correspondlng
sections and table in Appendix A to DPRe25, .

!
s
w

Ziil



,§

(o®

‘Iofnmonwealth Edison Compa, "

Dr, Peter A. Morris - Ce 2 - January 19, 1971

¢

Section 50.59 of 10 CFR Part 50 and Paragraph 3.B of
Facility License DPR~19 require the submission of an appropriate
Safety Analysis Report in support of 'a'proposed change to Appendix
A of DPR-19, The two changes requested in Proposed Change No, 8
are merely incorporation of specifications contained in Appendlx A
of DPR-25, Therefore, no separate safety analysis report in support
of these changes will be submitted. The Bases to. the revised’
Sections 1.1 and 2.1 provide the equivalent of a safety analysis
report in support of this change, whereas the revised Table 3.2.3
is supported by the existing Basis to Specification 3.2 in Appendix A
to DPR-19, as well as Bases to the revised Sections 1.1 and 2.1.

In our opinion, the proposed change does not result in
hazards different from or greater than those analyzed in the Final
Safety Analysis Report. Spec1f1cally, there is (1) no increase in
the probablllty of, or (2) no increase in the possible consequences
of, or (3) no creation ofi‘a credible probability of an-accident or

' equipment malfunction different from those previously evaluated in

the FSAR. Therefore, the margin of safety as defined in the Bases
for any Technical Specificatien is not reduced.

Our present plans call: for commencement of 100% power
testing on January 20, 1971 with those tests which are affected
by this proposed change scheduled to begin on January 23 or 24, 1971,
Accordingly, it would be appreciated if this proposed change could
be approved by January 22, 1971

Proposed Change No. 8 has been reviewed and approved by
Commonwealth Edison's Nuclear Review Board.

In addition to three signed originals, 19 copies of
Proposed Change No. 8 are also submitted.

Very truly ours,

Byrgn Lee, Jr. '
Assistant to the/ President

SUBSCRIBED and SWQBN to
before me this - day

Of éﬁﬂf‘!ﬂ /?z‘éz ,' 19710

JAN20 1971

REGULATORY
MAIL SECTION
DOCKET CLERX
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- 1.1 SAFETY LIMIT

2.1 .LIMITING SAFETY SYSTEM SETTING -

1.1 FUEL GLADDING INTEGRITY

i Applicability:.

Applies to the 1nterrelated variables assomated -

- with fuel thermal behavxor

Ob]ectlve

| To est’tbhsh 11m1ts below Wthh the 1ntegr1ty of the‘ '

- fuel cladding is preserved

Specification:

A... When the reactor preSéure is greeter than 600"

psig the combination of recirculation flow and
reactor thermal power-to-water shall not ex-
ceed the limit shown in Figure 1.1.1. The
safety limit is exceeded when the recirculation
flow and thermal power-to-water 'conditions .
result in a point above or to the left ‘of the
limit line, o

Y

"B. When the reactor pressure is less than 600
© psig or recirculation flow is less than 5% of
design, the reactor thermal power-to- water

shall not exceed 460 MW (t). S

'C. 1. The neutron flux shall not exceed the

scram setting established in Specyification"-v

2.1. A for longer than 1.5 seconds as .
indicated by the process computer. -

2.. When the precess computer is out of ser-. _'

vice, this safety limit shall be assumed
to be exceeded if the neutron flux exceeds

2 1 FUEL CLADDI\’G INTEGRITY .

Apphcqblhty - " | . o B - '

Apphes to trip settings of the instruments and deviceS E
which are provided to prevent the reactor system
safety limits from being exceeded

Ty . A

ObJectlve

‘To deflne the level of thc process variables at which
automatic protective action is initiated to prevent the
safety 11m1ts from bemﬂr exceeded

) Specmcatlon

The 11nnt1ng safety system settings shall be as

X
specified below: . i 03
, o .8 =y
A. Neutron Flusx Scram 2 8
: o , S
~ 1. “APRM - The APRM flux scram setting shall -§
_be as shown in Figure 2.1.1 unless the com- &
bination of power and peak heat flux.is above
the curve in Figure 2.1.2. When the com- . . 3
bination of power and peak heat flux is above e
the curve in Figure 2.1.2 a scram settmg(s) 52
as given by: ‘
' g = 202,000 P
' X

where: )
P = percent of rated power 5
X peak- heat flux — (Btu/hr/ft )

2.' IRM — The IRM ﬂux scram setting shall be
- 215% of rated neutron flux.
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1.1 SAFETY LIMIT

2.1 LIMITING SAFETY SYSTEM SETTING

- the scram setting establishéd by Specifi-' '

_-cation 2.1. A and a control rod scram
~ does not occur. - - g -

D. Whenever the reactor is in the shutdown
condition with irradiated fuel in the reactor
vessel, the water level shall not be less than

that corresponding to 12 inches above the top ° '
-of the active fuel when it is seated in the core.

B..

APRM Rod Block'— The APRM rod block setting
.shall be as shown in Figure 2. 1.1 unless the '
combination of power and peak heat flux is above -
~ the curve in Figure 2.1.2. When the combina-

tion of power and peak heat flux is above'the

curve in Figure 2.1.2 a rod block trlp setting .
’ (SRB) as glven by

451,440 P -

snp = A0
where: v _
“P o= pércént of rated power |
X = peak hcqt flux Btu/hr/ft

shall be used.

Reactor Low Water Level: Scrqm setting shall be :

'2143" above the top of the active fuel at normal
. operating COndlthllS

- Reactor Low Low \V'lter Level ECCS 1mt1at10n

' b_ shall be 83 (H,,) above the top of th(, '1ct1ve fuel

at normal opcrqtnw COndlthl]S

" closure, from full open

." Turbine Stop’ Valve Scram ‘shall be <109<, valve

;. Generator Load Rejection Scram shall initiate .

upon actuation of the fast closure solenoid valves

wvhlch tri 1p the tu1b1nc control valves.

: ,psm

~I\Ia1n Steamline Isol'tt1on Valve olosurc_ Sci‘aln
‘shall be <10% To. valvc closme from full open.

Mam bteamllnc P1 essure nutmtlon of main !
© steamline isolation valve closulc slnll be >850
: . .}
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- REACTOR THERMAL POWER (% OF RATED) . .
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o . RATED POWER = 2527 MWt - S R -~ _ -
(130 = | DESIGN Frow=98x10%1o/h -~ o N - » e
o T TOTAL PEAKING FACTOR=3.0 ' - - .- _ . .+ .. 1000psig L :
5120 = CORE PRESSURE >600 psig . N . g L , —
o WATER LEVEL > M3inches . = =~ . - o G- - _— 1235 psig - S
110 = ABOVE THE TOP OF THE ' : S ~ Cooe - —
_ ACTIVE FUEL - S . o '_ o

90 - A s ~ o —

80 |—

" FOR TOTAL..F’EAKING FACTORS >3.0
SL_%OFX SLg
SL = SAFETY LIMIT FOR PEAKING FACTORS > 3.0
* PF=TOTAL PEAKING FACTOR =3.0

SLO- SAFETY LiMiT SHOWN ON ABOVE CURVE

o T - *RECIRCULATION FLOWISDEFlNEDASCORECOOLANT - _
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Figure 1.1.1. .Core Thermal Safety Limit - . . 8
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Bases:

1.1 The fuel cladding represents one of the physieal

barriers which separate radioactive materials

from environs. The integrity of this cladding bar- -

rier is related to its relative freedom from per-
forations or cracking. Although some corrosion
or use-related cracking may occur during the life.”
of the cladding, fission product migration from
this source.is incrementally cumulative and con-

tinuously measurable. . Fuel cladding perforations,
" - however, can result from thermal stresses which
‘occur from reactor operation significantly above

design conditions and the protection system set-

‘points. While fission product migration from
- cladding perforation is just as measurable as that

from use-related cracking, the thermally-caused

" cladding perforations signal a threshold, béyond

which still greater thermal stresses may cause

‘gross rather than incremental cladding deteriora-

tion. Therefore, the fuel cladding safety limit is
defined in terms of the reactor operating. cond1t1ons
\Vthh can result in cladding pmforatlon ' -

Departure from nucleate b0111ng- (DNB) results ina
"decrease in heat transfer from the clad and, there- -

fore, elevated clad temperatures and the possib‘ility'

- of clad failure. However, the existence of a critical

heat flux (CHF) or departure from nucléate b0111ng,

. is not a directly observable parameter in an oper-

ating reactor. Furthermore, the critical heat flux

" correlation data which relates observable param-

eters to the magnitude of critical heat flux is
statistical in nature. The safety limit represented

in Figure 1.1.1 is based on the significant observ-
.able parameters involved in the critical heat flux

correlation and is taken at the core design critical

A _heat flux correlation level of confidence that a

critical heat flux occurrence will not occur on any

_fuel rod in the core during normal plant operatlon

1nclud1ng anticipated trans1ents

The szifety limit curves shown in Figure 1. 1.1 repre-
sent the locus of operation conditions for which the

" maximum powered rod has a minimum critical heat

flux ratio (MCHFR) equal to 1.0. The I\ICHFR value
was determined using the design basis crltlcal heat

.- flux correlation given in APED.5286(1), The oper-
-ating range with MCHFR >1.0 is below and to the

right of these curves. The evaluation is based on .

" the operating map as glven in Fxgure .3 2,3 of the SAR.

The design basis critical heat flux is based onaninter-
relationship of reactor coolant flow and steam quality.
Steam quality is determined by reactor power, pres-
sure and coolant inlet énthalpy which in turn is a
function of feedwater temperature and to a lesser -
degree reactor water level.” This correlation is
based upon experimental data taken over the pressure

" range of interest in a BWR, and the correlation line

was very conservatively drawn below all the avail-

- able data. Since the correlation line was drawn
_-below the data, there is a very high probability that
. operation at the calculated safety limit would not

result in a critical heat {lux occurrence. - In addi-
tion, if a critical heat flux were to occur, clad per-

. foration would not necessarily be expected. Clad-

ding temperatures would increase to approximately

" 1100°F which is below the perforation temperature

of the cladding material. This has been verified by
tests in the General Electric Test Reactor (GETR)

~ where fuel similar in desigh to Dresden 2 operated

above the critical heat flux for significant period of
time (30 minutes) without clad perforation. '

Curves are presented for two different pressures in

" Figure 1.1.1. The upper curve is based-on a nomi-

nal operating pressure of 1000 psig. The lower curve -

(1D I M. Healzer, J, E, Hench, E. Janssen, S. Levey, Design

Basis for Critcal Heat Flux Condition in Boiling water Reactors,
APED 5286, General Electric, San Jose California,
- September,- 1966.
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is based on a pressure of 1235 psig. In rie case is

and therefore, the curves will cover all operating

‘conditions with mere interpolation. If reactor pres-

sure should ever excéed 1250 psig.during power

operation, it would be assumed that the safety limit -

has been violated. TFor pressures between 600 psig,
which is the lowest pressure used in the critical
heat flux data and 1000 psig, the upper curve is
apphcable w1th mcreased margm ’

" The power snape assumed in the calculatlon of .
.these curves was based on design limits and results

in a total peaking factor of 3.0. For any peaking of

‘smaller magnitude, the curves are conservative.
" The actual power distribution in the core is estab- -

lished by specified control rod sequences and is .
monitored continuously by the in-core Local Power
Range Monitor (LPRM) System However, to ‘
maintain applicability of the safety limit curve, the
safety limit will be lowered according to the equation
given on Figure 1.1.1 in the rare event of power

operation with a total peaking factor in excess of 3.0.

The fcedwater temperature assumed was the maxi-
mum design temperature output of the feedwater
heaters at the given pressures and flows which is
348°F for rated thermal power.. For any lower feed-

“water temperature, subcooling is increased and the

curves are conservative.

The water level assumed in the calculation of the.
safety limit was that level corresponding to the
bottom of the steam separator skirt (0" on the level
instrument and approximately 12' above the top of
the active fuel). This point is below the water level

scram setpoint. As long as the water level is above
-this point the safety limit curves are applicable; i.e.,

the amount of stéam carry under would not be
increased and thercfore the core inlet enthalpy and -

subcoolmg, would not be influenced.

. reactor préssure ever cxpected to exceed 1250 psig, . -

The values of the parameters involved in Figure 1.1.1-
can he determined from information available in the
control room. Reactor pressure and flow are reéorded
and the Average Power Range Monitor (APRM) in-core
nuclear instrumentation is calibrated to read in terms
of percent rated power ' -

The range in pressure and flow used for Spec1flcat1on
1.1. A was 600 psig to 1250 psig and 5% to 100%, res- .
pectively. Specification 1.1.B provides-a reouire-

ment oh power level when operating below 600 psig or

- 5% flow. In general, Specification 1.1.B will only be .
. applicable during startup, hot standby, or shutdown
_ of the plant. - A review of all the applicable low pres-

sure and low flow data (1, 2) has shown the lowest-
data point for tmnsxltlon bmlmg to have a heéat flux of -
144, 000 Btu/hr/ft?. To assure applicability to-the
Dresden 2 fuel gcometry and provide some margin, a

" factor of 1/2 was used to obtain the critical heat flux;

i.e., critical heat flux was assumed to occur for
these conditions at 72, 000 Btu/hr/ft2, Assuming a
peaking factor of 3.0, this is equivalent to a core

- average power of 460 MW (t) (18% of rated). This
" value is applicable to ambient pressure and no flow

conditions. TFor any greater pressure or flow con-
ditions, there is increased margin.

During transient operatiOn the heat flux (thermal
_power-to-water) would lag behind the neutron flux
" due to the inherent heat transfer time constant of

the fuel which is 8-9 seconds. Also, the limiting

safety system scram settings are at values. which
will not allow the reactor to be operated above the

-safety limit during normal operation or during other .

plant operating 51tuat10ns which have been analyzcd

(1 ). E. Janssen, “Multi-Rod Burnout at Low Pressure,”” ASME Paper 62-HT-.

26, August 1962.

. (2Y K. M. Becker, “Burnout Conditions for Flow of Boiling Water in Vertlca

: Rod Clusters,” AE-74 (Stockholm, Swedcn) May 1962.

12
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in detail (3).

' 'The computer provided with Dresden Units 2 and 3

In addition, control rod scrams are
such that for normal operatmg transients the neutron

~ flux transient is terminated before a sxgmflcant :

increase in surface heat flux occurs. Scram times-

of each control rod are checked each refueling -out-

age to assure the insertion times are adequate.
Exceeding a neutron flux scram setting and a fail-
ure of the control rods to reduce flux to less than:
the scram setting within 1.5 seconds does not '
necessarily imply that fuel is damaged; however,

. for this specification a safety limit violation will

be assumed any time a neutron flux séram setting

is exceeded for longer than 1.5 seconds.

If the scram occurs such that the neutron flux dwell
time above the limiting safety system setting is less
than 1.7 seconds, the safety limit will not be ex-

ceeded for normal turbine or generator trips, ‘which

are the most severe normal operating transients
expected. These analysis show that even if the by~ -
pass system fails to operate, the design limit of
MCHFR = 1.0 is not exceeded. Thus, use of a

1.5 second limit provides additional margin.

has a sequence annunciation program which will
indicate the sequence in which scrams occur such
as neutron flux, pressure, etc. This program also
indicates when the scram setpoint is cleared. This

will provide information on how long a scram con-

dition exists and thus provide some measure of the
energy added during a transient. Thus, computer
information normally will be available for analyz-
ing scrams; however, if the computer information
should not be available for any scram analysis,*
Specification 1. 1. C. 2 will be relied on to determine

. ifa safety limit has been violated.

" reduced.

-During periods when the reactor is shut down, con-
sideration must also be given to water level require-
ments due to the effect of decay heat. If reactor -
water level should drop below the top of the active
fuel during this time, the ability to cool the core is
This reduction in core cooling capability
“could lead to elevated cladding temperatures and
clad perforation. The core will be cooled suffi-

" ciently to prevent clad melting should the water level

be reduced to two-thirds the core height. " Establish-
ment of the safety limit at 12 inches above the top
of the fuel provides adequate margin. This level

- will be contmuously monitored whenever the rec1r—
culation pumps are not operatlnrr

The proposed fuel .operating conditions for Unit 2
reflect linear power generation rates and exposures
higher than those experienced previously in BWR

- plants. Additional experimental data beyond that
presented in Amendment 14 of the SAR will be ob- .
tained to further support the proposed combinations
of fuel linear power generation rates and exposures,
considering both normal and anticipated transient
modes of operation. To develop these data for
further assurance of fuel integrity under all modes
of plant operation, a surveillance program on BWR

- fuel which operates beyond current pro oduction fuel

experience will be undertaken. The schedule of
inspections will be contingent on the availability of
the fuel as influenced by plant operating and facility
- requirements. The program, as outlined in Amend-
- ment16 of the SAR, will include surveillance of
reactor plant off-gas activity, relevant plant oper-
ating data and fuel inspection.

\3) SAR, Section 4.4.3 for turbme tnp and load reject transients, Section

4.3.3 for flow control full coupling demand transxent and Scctlon 11.3.3
for maximum feedwater flow transient.

13
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‘Bases:

2.1 The transients expected during operation of the
Dresden 2 unit have been analyzed starting at the
"rated thérmal power condition of 2527 MWt at 100% -
-recirculation flow. It should be noted that this = -
power is equivalent to the designed maximum power
and a higher power cannot physically be obtained

under normal operating conditions unless the turbine

bypass system is used. In addition, 2527 MWt is
the licensed maximum steady-state power level of
Dresden 2, This maximum steady-—state power will
never be know1ngly exceeded. -

Dresden 2 was not analyzed from a power level
which included instrument errors. To protect
against misleading conclusions from.analysis not

reflecting realistic instrument errors, conservatism

~ was’incorporated by conservatively estimating the -
controlling factors such as void reactivity coeffi-".
cient, control rod scram worth, scram delay time, .

. peaking factors, axial power shapes, etc. These

- factors are all selected conservatively with respect

© to their effect on the applicable transient results as
determined by the current analysis model.. This
transient.model, evolved over many years, has been
substantiated in operation as a conservative tool for
the evaluation of reactor dynamics performance.
Comparisons have been madeé showing results ob-
tained from a General Electric b0111n<7 water reactor

_and the predictions made by the model. The com--
parisons and results are summarized in Topical
Report APED-5698, "Summary of Results Obtained
From A Typical Startup and Power Test Program

“for a General- Electric Boiling Water Reactor.'!

The void réactivity coefficient utilized in the anal-.

ysis is conservatively estimated to be about 25%
“larger than the most negative value eéxpected to

occur during the core lifetime. The scram worth

used has been derated to be equivalent to the scram

erth of about. 75% of tl_le control rods. The scram

- delay time and rate of rod insertion are conserva-
tively set equal to the longest delay and slowest
.1nsert10n rate acceptable by Technical Specifica-

tions. ~ The effect of scram worth, scram delay.

-time and rod insertion rate, all conservatively

applied, are of greatest significance in the early

" portion of the negative reactivity insertion. The

insertion of the first dollar of reactivity strongly
turns the transient and the stated 10% insertion

. time conservatively accomplishes this desired in-

itial effect. The time for 50% and 90% insertion

a;‘e-'given to assure proper completion of the inser- ‘ .
tion stroke, to further assure the expected perform-

ance in the earlier portion of the transient, and to

- establish the ultimate fully shutdown steady—state

condition. o . N

The design peaking factors at the full power condi-

"tions for Dresden Z2result in a MCHFR value of

2.04. For analysis of the thermal consequences of

- the transients, higher peaking factors are used,

such that a MCIII‘R of 1.9 is conservatively as-
sumcd to exist prior to initiation of the transients.

This ch01ce of usmg conservative values of con-
trolling parameters and initiating transients at the
rated power level, produces more pessimistic’
answers than would result by using expected values _
of control parameters and analyzing at higher power . .
levels. ‘As an example, consider the sensitivity
analyses conduct to provide the answer to Question
4.6G.4 of Amendment 7 of the Dresden Unit 2 SAR.
From the results of the Case 1 transient, the tur-

bine trip with flux scram without bypass or relief,

a significant reduction in the neutron flux and heat
flux peaks will be realized when the smaller void
reactivity coefficient is used. For this particular
transient, ‘if it were also analyzed at a power level
of 110% of rated but with the expected void reactiv-
ity coefflclent the resulting heat flux peak would be
1es< th'ln the- peal\ resultmg from the analy51s

14
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actually conducted from rated powetr but w1’ch the
conservative vo1d coefficient.

Inherent in these analyses is the fact that steady-

" state operation without forced recirculation flow .
_ will not be permitted except during startup testing.

In summary, the transients presented in the SAR
were analyzed only up to the design flow control
line and not above because:

-1 'The licensed maximum steady-state power :
o level is 2527 MWt.

2. ’I‘he unlts cannot physically be brought
. . above 2527 MWt unless abnormal operatlon
is employed :

A Analyses of transients employ adequately
‘ conservative values of the controllmg
reactor parameters '

4. The analysis model 1tself is demonstrated
to be conservative. '

. 5. The analytical procedures now used result
~ in a more logical answer than the alterna-
tive method of assuming a higher strating
power, which has been shown above to be
unrealistic, than using values for the
parameters. '

A. Neutron Flux Scram — The average power

range monitoring (APRM) system, which is -
calibrated using heat balance data taken during
steady-state conditions, reads in percent power.

- Since fission chambers prov1de the basic input
signals, the APRM system responds directly

- to average neutron flux. During transients, . .
the instantaneous rate of heat transfer from the
fuel (reactor thermal power) is less than the .
instantaneous neutron flux due to the time '

~ specification. The scram setting as given by

~ constant of the fuel Therefore durmg tran=

sients with an APRM scram settlng as shown in

.Figure 2.1.1, the thermal power of the fuel

will be less than that indicated by the neutron
flux at the scram setting. Analysis reported in
the SAR demonstrates that, even with a fixed"
120% scram trip setting, none of the postulated
transients result in violation of the fuel safety .
limit and there is a substantial margin from

"~ fuel damage. Therefore, use of a flow-biased

scram provides even add1t10nal margin. See '
page 1€ for further comparison.

An increase in  the APRl\I scram setting to
greater than that shown in Figure 2.1.1 would
decrease the margin present before the thermal
hydraulic safety limit is reached. The APRM
scram setting was determined by an analysis of
margins required to provide a reasonable range
for maneuvering during operation. A reduction
in'this operating margin would increase the .
frequency of spurious scrams which have an
adverse affect on reactor safety because of un-
necessary thermal stress which it causes.
Thus, the APRM setting was selected because
it provides adequate margin from the thermal
hydraulic safety limit yet allows operating .
margin which minimizes, unnecessary scrams. .

The thermal hydraulic safety limit of Specifica-
tion 1.1 was based on a total peaking factor-of .
3.0. A factor has been included on Figure
1.1.1 to adjust the safety limit in the event
peaking factor exceeds 3.0. Likewise, the

.~ scram setting should-also be adjusted to assure
- MCHFR does not become less than 1.0 in this

degraded. situation. This has been accomplished
by use of Figure 2.1.2. If the combination of
power and heat flux is greater than that shown
by the curve; i.e., a peaking factor greater.
than 3.0 exists, the APRM scram setting is
adjusted downward by formula given in the

e
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Figure A above is a co'p_y of the Core Thermal Safety Limit which is shown in more detail on Figure 1-1.1. Figure B above

represents the APRM flow bias scram with neutron flux plotted against reactor core flow instead of reactor recirculation loop

flow as shown in Figure 2.1.1. Durlng steady state power operation of the reactor the neutron power wull be equal to the

thermal power and the two curves, F|gures A and B can be compared

it should be remembered, however that durmg transnent operation the heat flux (thermal power) lags behind the neutron

flux due to the inherent heat transfer time constant of the fuel. During such transient operation the:two curves, Figures A

' and B are not comparable
T 16
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the equation will prevent MCHFR from Becbmin_g '

less than 1.0 for the given heat flux condition
for the worst expected transients. If the APRM
scram setting should require a change due to an

abnormal peaking condition, it will be done by = ;
. changing the intercept point and thus, the entire
flow bias curve will be shifted down.

For Operafion in the startup mode while the re-

‘actor is at'low pressure, the IRM scram setting

of 15% of rated power provides adequate thermal
margin between the setpoint and the safety limit,

18% of rated. The margin is adequate to accom- -

modate anticipated maneuvers associated with -
power plant startup. Effects of increasing o
pressure at-zero or low void content are minor,
cold water from sources available during start-

" up is not much colder than that already in the

system, temperature coefficients are small, -
and control rod patterns are constrained to be
uniform by operating procedures backed up by

~ the rod worth minimizer. -Worth of individual

rods is very low in a uniform rod'pattern.

. Thus, of all poessible sources of reactivity in-

put, uniform control rod withdrawal is the most
probable cause of significant power rise. Be-
cause the flux distribution associated with uni-
form rod withdrawals does.not involve high
local peaks, and because several rods must be
moved to change power by a significant percent-
age of rated power, the rate of power rise is
very slow. Generally the heat flux is in near
equilibrium with the fission rate. In an as-

‘sumed uniform rod withdrawal approach to the

scram level, the rate of power rise-is no more
than 5 percent of rated power per minute, afd .

"the IRM system would be-more than adequate to.

assure a scram before the power could exceed
the safety limit. The IRM scram remains ac-

~ tive until the mode switch is placed in the run -

position. This switch occurs when reactor
pressure is greater than 850 psig.

The -analysis to support operation at various -
power and flow relationships has considered

‘operation with either one or two recirculation
‘pumps. During steady-state operation with one

recirculation pump operating the equalizer line
shall be open. Analyses of transients from this
operating condition are less severe than the
same transients from the two pump operation.-

APRM Coﬁtrol Rod Block Trips — Reactor -

power -level may be varied by moving control .
rods or by varying the recirculation flow rate.
The APRM system provides a control rod block
to prevent rod withdrawal beyond a given point

~ at-constant recirculation flow rate, and thus to
- protect against exceeding a MCHFR of unity.

This rod block setpoint, which is automatically

. varied with recirculation flow rate, prevents

an increase in the reactor power level to exces-
sive values due to control rod withdrawal. - The_

‘specified flow variable setpoint provides sub-

stantial margin from fuel damage, assuming
steady-state operation at the setpoint, over the
entire recirculation flow range. . The margin
to the safety limit increases as the flow de-
creases for the specified trip point vs. flow
relationship; therefore, the worst case MCHFR
during steady-state operation is at 108% of .
rated power. Peaking factors as specified in
Section 3. 2.5 of the SAR were considered. The

"~ total peaking factor was 3.0. The actual power

distribution in the core is established by speci-.
fied control rod sequences and is monitored
continuously by the in-core LPRM system. As
with the APRM scram setting, the APRM rod
block setting is adjusted downward if peaking
factors greater than 3.0 exist. This assures a
rod block will occur before MCHFR becomes
less than 1.0 even for this degraded case. The
rod block setting is changed by changing the

intercept point of the flow bias curve; thus, the“

entire curve will be shifted downward.

i
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Reactor Low Water Level Scram — The reaétor
low water level scram is set at a point which

. will assure that the water level used in the -

bases for the safety limit is maintained. The
scram setpoint is based on normal operating.
temperature and pressure conditions because

the level instrumentation is density compensated. -

Reactor Low Low Water Level ECCS Initiation
Trip Point — The emergency core cooling sub-

~systems are designed to provide sufficient cool—

ing to the core to dissipate the energy associ-

-ated with the loss of coolant accident and to

limit fuel clad temperature to well below the
clad melting temperature to assure that'core
geometry remains intact and to limit any clad
metal-water reaction to less than 1%. - To ac-.
complish their intended function, the capacity
of each emergency core cooling s_ystem com-- °
ponent was established based on the reactor low
water level scram setpoint. To lower the set=
point of the low water level scram would in- ~
crease the capacity requirement for each of the .
ECCS components. Thus, the reactor vessel
low water level scram was set low enough to
permit margin for operation, yet will not be

set lower because of ECCS capamty requlre—
ments.

The design of the ECCS components to meet the
above criteria was dependent on three previously
set parameters: the maximum break size, the
low water level scram setpoint and the ECCS
initiation setpoint. To lower the setpoint for
initiation of the ECCS could lead to a loss of
effective core cooling. To raise the ECCS
initiation setpoint would be in a safe direction,

but it would reduce the margin established to

prevent actuation of the ECCS during normal
operation or during normally expected tran-
sients.

" anticipates the pressure

.. Turbine Stop Valve Scram — The turbine stop

valve scram like the load rejection scram
, neutron flux, and heat
flux increase caused by the rapid closure of the

turbine stop valves and failure of the bypass.
" With a scram setting at 10% of valve closure
“the resultant increase in surface heat flux is

the same as for the load rejection and thus
adequate margin exists. No perceptable change
in MCHFR occurs during the transient. Ref.

Section 11.2.3 SAR. -

Generator Load Rejection Scram — The gener-
ator load rejection scram is provided to antici~
pate the rapid increase in pressure and neutron
flux resulting from fast closure of the turbine
control valves due to a load rejection and sub-

.sequent failure of the bypass; i.e., it prevents

MCHFR from becoming less than 1 0 for this
transient. Tor the Ioad rejection from 100%
power, the heat flux increases to only 106.5% .

-of its rated power value which results in only

a small decrease inr MCHFR. Ref. Section
4.4.3 SAR. :

.~ Reactor Coolant Low Pressure Initiates Main

Steam Isolation Valve Closure — The low pres-
sure isolation at 850 psig was provided to give
protection against fast reactor depressuriza-

‘tion and the resulting rapid cooldown. of the

vessel. Advantage was taken of the scram

‘feature which occurs when the main steam line

isolation valves are closed to provide for re-

" actor shutdown so that operation at pressures

lower than those specified in the thermal hy-
draulic safety limit does not occur, although
operation at a pressure lower than 850 psig
would not necessarily constitute an unsafe
condition. ' §
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Main Steam Line Isolation Valve Closure:
Scram — The low pressure isolation of the
main steam lines at 850 psig was provided to
give protection against rapid reactor depres-
surization and the resulting rapid cooldown of
the vessel. Advantage was taken of the scram

feature which occurs when the main steam line

isolation valves are closed, to provide for re-

- actor shutdown so that high power operation at
- low reactor pressure does not occur, thus pro-
- viding protection for the fuel cladding integrity -
‘safety limit. Operation of the reactor at pres-

sures lower than 850 psig requires that the
reactor mode switch be in the startup position

where protection of the fuel cladding infegrity'

safety limit'is provided by the IRM high neutron

- flux scram. Thus, the combination of main

steam line low pressure isolation and isolation
valve closure scram assures the availability of
neutron flux scram protection over- the entire
range of applicability of the fuel cladding in-

- tegrity safety limit. In addition, the isolation
- valve closure scram anticipates the pressure

and flux transients which occur during normal

-or inadvertent isolation valve closure. With

the scrams set at 10% valve closure there is no
increase in neutron flux. '
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 TABLE 3.2.3. . "

INSTRUMENTATION THAT INITIATES ROD BLOCK -~~~ .~ . = =%

Minimum No. of . | .. =~ = . Sl e S e . } : ‘ ‘ _
Operable Inst. - o o T T T O S P S S

Channels Per o o e O
Trip System (1) ~ | . .~ . 7 . “Instrument .. - - .- | 7 Trip Level Setting .

R .AAPRM.u‘p.slcale (ﬂowﬁ?'s) (M S 2o, 650w + .43 @)
ER | APRMdownscale(n - | 2s/125 sl seate
| 1 o ‘. o Rod _'bil.o.‘ck‘moriitciirvuﬁs'cale'_ (flow, bias) (7):-. - r‘sd,esow\ +.445::'(2)  o
1) - ~Rod block gnbnitc;r do_vx"n_s“cale. (7‘). _ V_ e “-25/1l25‘ full S(A:‘a.l-le'
3 o .' IRM ‘downs‘cale (3) S -, h ) 7_ L ,..25/125 full scale”
3 . | , ', . ;IBM.ups'.cz.ﬂ’e ," : 3 ey ‘51‘98/125 fuil scﬁlé.- .: |
26 | SRM Vdetg(l:tbr not in startup position " L R R @) |

s

2(5) (6) SRM upscale - - . =10° counts/sec.

" 'Notes: -~ S - . . : . . . . e o .
1." . For the Startup/Hot Standby and Run positions of the Reactor Mode Selector Switch, there shall be two operable or tripped trip systems for each
L function, except the SRM rod blocks, IRM upscale and IRM downscale need not be operable in the “Run” position and APRM downscale, APRM
upscale, RBM upscale, and RBM downscale need not be operable in the Startup/Hot Standby mode. If the first column cannot be met for one of the
~ two trip systems, this condition may exist for up to seven days provided that during. that time the operable system is functionally tested immediately
and daily thereafter; if this condition lasts longer than seven days the system shall be tripped. If the first column cannot be met for both trip systems,

the systems shall be tripped. - - .. .- . .
W is the reactor recirculation loop flow m‘pérée'ntt""
IRM down;lca]e may be bypassed when it is on.its lowest range.
This function'may be bypassed when the count rate is 2100 cps. -

_Trip ‘lévgll.vs-ettlng is in percent of full power, l

. One of the four SRM' ipp\its may be bypassed. . e S , . o
“This SRM function may be bypassed in the higher IRM ranges when thie IRM upscale rod block is operable. " ..~ "%

Not required while p'efforming low.powe'r physics tests at atmospheric pressure "during'orA aftér'refueling at po'wérvlev:el's n'bvt"to exceed 5 MW(t), |
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