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The condilions under which the Standby Liguid
Control System must provide shutdown capability
are identiried via-the Station Muclear Safety
Operational Analysis {Appendix G). ilic require-
ments of this specification are taken from tho
Operaaional Tuclear Safety Requirements of subsec-

ion 3.8.6 o0f the Final Safety Analysis Repori, If
no mere than one operable control rod is withdrawn,
the basic shutdown reactivity requircnent for the
gore is satisfied and the Standby ui~u‘d Control
system is not required., Thus, the basic reactivicy
requirement for the core is the primary determinant
of when the liquid control system is required, -

The purpcse of the liguid control system is to pro-
vide the capability of bringing ‘he reacter fron
full power to a cold, xenon-free shutdowm condition

assuning thet none o‘ the withdrawn control rods c¢an

be inserted. To meet this ocbjective, the liguid
control system is designed %o inject a guantity of

borca that produces a concentration of 7C0 Fen of
boren in the reactor core in less than 125 minutes,
Tae TOO ppt concentraticn in tie reactor core ig
- sy d - & L R R P P, St - -
required to bring the reactor frem full powar 10 a
three percent 4 suberitical condition, ccrs:dering
the hot %5 c¢oid resctivity difference, xénon poisc
ing, et ne time requirement for inserting the
bor s on was selzcted to override the rate of
raa sertion caused by cococldown of the re-
actt ng the xenca poisan peak.
Toe minimum limitation on the rel sevting
is intendsd S0 prevent the lcss o ontrol
glution via the 1ifting of a rel at teo
low & pressure, The upper Li:i: on ief valve
settings provides system ection from overpressur
Caly one of the two standoby liguid control pumping
loops is uneeded for oparating the system,
One inop ratle pumping circuit dces not immed-'
iately threaten shutdow: capa:;l-.j, and re-
acter speration can ¢continue while the circuit

is being repaired, Assurance that th
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Quesction Al:

Response:

Question A2:

Response:

Question A3:

Question AS:

Response:

Question AS:

Response:

ATTACHMENT A

Responses to NRC Questions on Pilgrim I Reload 2
- Licensing Submittal (NEDO-20855-01)

Does BECo. plan to use an operating limit MCPR of 1.31 for

7 x 7 assemblies and 1.39 for 8§ x 8 assemblies for the entire
¢ycle?

Yes

Provide the cross sectional areas assumed for individual com-

ponents in the DBA - ie, jet pumps, cleanup locp, etc.

The compeonent flow areas assumed are:

Suction line vessel nozzle area: 3.56 fe2
Cleanup line area =08 ™
Jet pump (10) nozzle area .I7r ™
TOTAL 4.35 £2°

Does a reactor scram occur as the result of a feedwater
transieat?

Ia Paragraph 7.3.3.1.6.1 (Page 7-18) of NEDO-20855-01,

the peak neutron flux was incorrectly statzed as 120% of

initial. The corrected statement should be: '"Neutron

flux increases to 3 value of 119.8% of initial at 109

seconds.” Since the iadicated neutron flux does not ex~

ceed the scram setpoint of 120%, scram does aot occur.
time plot of the transient is shown in Figure 3-1

(attached),

Provide a power-flow map for Reload 2 showing a 92%
pewer limict.

The Pilgrim Cycle 3 power/flow map with the nominal 92%
flow control line is shown in Figure 5-1, attached.
Refer to response to Question AlQ for a description of
how Pilgrim 1 will operate on the power/fluw map to
achieve the 92% power, 100% flow endpoint at EOC-3.

For the over pressure transient with one relief valve out
of service, what steam flow and power level were assumed?
Are all other assumptions the same as those assumed in the
previous analysis with all valves operable?

The one relief valve cut of service analysis was performed
at 92% power and steam flow and 100% core flow and all other
assumptions are the same as for the analysis with all valves
operable.




Question A6:

Response:

The Rod Withdrawal error transient doesn't appear to follow the
core loading maps provided in NEDO20855-01. Clarify the incon-
sistencies that relate to bundle identification and location on

the various core maps and figures provided in support of the RWE
transient.

The coordinates of Figure 2-1 of NEDO-20855-01 ideatify the
locations of the fuel bundles and those of Figure 7-12 identify
the locaction of control rods. Location of the control rods in
Figure 2-1 may be determined by interpolation.

Erroneous bundle identifications are used in Figures 7-13
through 7-16. Corrections on these figures as well as for
Figure 7~12 are given below.

Figure No. As Shown Should Be
7-12 "end rod is 35-18" "Error rod is 18-335"
7=13 8 Ll i el 32
11, 10 21, 36
09, 09 17, 36
T=14 12, 12 23, 30
10, 10 19, 34
7-15 11, I 2l 32
9, 9 17, 36
7=158 12, 8 23, 38
8, 10 4. S
10, 10 19, 34
Provide an analysis thar establishes that a loading error ac-
cident does not significantly affect adjacent fuel assemblies.

u loading error analysis has been performed for Pilgrim
Relcad 2 with bypass flow holes plugged. Subsection 7.3.2.5.2
of NEDO-20855-C1 is hereby revised as shown below

The analysis of the loading error accident is based on operating
MPCR's at the limiting poiat in the cycle where the "B" scram re-
activity curve is still applicable. This results in a peak linear
heat generation rate (LHGR) of 16.6 XW/ft and a minimum critical
power ratio (MCPR) of 0.96 in the misplaced bundle. This linear
heat generation rate is below the value at which 1% plastic strain
of the cladding occurs. Fuel damage is not expected to occur with
a LHGR lower than that needed to cause a 1% plastic strain in the
cladding (see Section 3.2.1 of Reference 1). Therefore, fuel fail-
ure is not expected for this event.

Fuel bundles adjacent to the misplaced bundle are insignificantly
affected by the presence of the misplaced bundle.”



In the above analysis, the Reload 2 8D262 fuel is the limiting
bundle. Sever pins are expected to experience boiling transi-

. tion. Bundles adjaceut to the misloaded bundle are isolated by
the water gap so that the thermal neutron flux, hence power, is
not significantly increased; therefore, the effect on these
bundles is considerably less than that for the misplaced bundle.

1 The operating MCPR over the range of "B" scram curve applicabilit:
(1.26 for 7 x 7 fuel and 1.33 for 8 x 8) on which this analysis is
based are significantly lower than the ones to be administered
throughout Cycle 3 (1.31 for 7 x 7 fuel and 1.39 for 8 x 8; see
response to Question Al). The difference in CPR between the oper-
ating MCPR and the MPCR of the misplaced bundle is relatively in-
sensitive to the initial value of operating MCPR. Therefore, the
MCPR for the loading error identified above is conservative by
about 5%; i.e., a MCPR of about 1.0l for the misplaced bundle

would be experienced, based on the actual MCPR limits to be admin-
istered.

Question AB: Describe the oxtent, if any, of shuffling of the fuel from the
initial core loading and Reload 1 locations. If fuel shuffles
are to be made, discuss the applicability of the transient and
accident analyses presented for Reload No. 2.

Response: Fuel shuffling assumptions used to design the reference loading
pattern for the Pilgrim Reload 2 licensing analysis were as
follows:

1. The lowest reactivity bundles were assurmed to be discharged.
If in actuality oth
figuration will be
erence loading pattern
discharged.

-

<

were Jdiscaarged, the final core con-
er in reactivity than the desizn ref-
since higher reactivity bundles were
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The design of Reload 2 reference loading was based on the
lowest projected Cycle 2 shutdown exposure. Hence, extension
of Cycle 2 operation would produce a core with a lower reac-
tivity than that presented in the license submitstal.

3. It was assumed that any bundle could be shuffled provided the
resulting pattern met licensing criteria {e.g., MCPRs. shut=-
down margin) and fuel cycle criteria (e.g., energy requirement).

4. Quarter core mirror symmetry was maintained as in Cycle 2.

5. The design reference loading was based on the maximum number
of Relcad 2 bundles which could be loaded at the assumed EOC-2
exposure, Thus, any reduction in the number in the Reload 2
bundles lcaded will result in a lower reactivity core than
presented in the license submittal.




Response:
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The criteria to be used in establishing the final loading
pattern for Cycle 3 are given as follows:

1. The design reference locations of all Reload 1 and Reload 2
bundles remain unchanged.

2. If the leaker bundle is not one of those bundles originaliy
scheduled for discharge per design reference loading pattern,
it shall be replaced by a sound bSundle with higher exposure;
i.e., lower in reactivicy.

3. Maintain greater than 1% shucdown margin (desigh).
4. Minimum cycle energy requifemén: shall be satisfied.

Application of the above criteria for establishing the final
loading pattern assures that both the reactivity of the four=-
bundle cell which contains the replaced bundle and the worth
of the control rod in that cell will be less than those of the
design refereuce loading pattern. In addition, the extended
Cycle 2 operation has made the core average exposure of the
final loading pattern higher than that of the design referen
loading pattern. The combination of these two factors will
make the final laoding pattera more conservative than the design
reference loading pattern as far as shutdown margin, tod with=-
drawal error, and other safety related analyses are co cerﬁe4
Thus, the transient and accident analyses presen:ed for Relva

-
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is assumed in Table 5-47 Provide a discussion
io

ion results in the limiting case.
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ns on both the 1003 and 927 pow
isted in Table 5.3. The uur\) eval
s;ents are not significantly affected by t
The same initial MCPR for different toral cer e
be obtained by adjusting the radial power peaking £
transient ACPR is avaluated using tihe relative chan
conditions and is not very sensitive to initial fag
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the value of the radial power neaking Tactor. Thus a 0% {u-
crease i core power, lorp u\‘.".m')!.‘. caases Phe same choange i
CPR in a bawlle at o particalar HCPR whother the sove power is
905 or WOZ of rawed. Therefore, the initial conditions in

Toble 3-4 ave applicable ror GLTIAB transient analyses at both
100% and 92% power levels.
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Question Al0: Are the analyses at the endpoints of 100% power with "B" scram
curve and 92X power with "EOC-3" scram curve bounding for all
MCPR and pressure transients for all power and burnup combina-
tions shown on Figure 7-l11. Provide a description of how
Pilgrim I will operate on the power/flow map to achieve the
92% power, 1002 fiow endpoint of EOC-3.

Response: Figure 7-11 of NEDO-20855-0l1 shows the resultant maximum

power level profile as a function of cvcle exposure. The

; derate schedule is sliown as a linear function of fuel ex-

: posure connec*ing the specified calculational operating
power limit points. The use of the linear relationship

. to connect the two calculacional points in Figure 7-11 is

‘ conservative because the scram reactivity degrades- gradually

and would thus be a smooth function of core exposure. Thus,

‘ for the pressure transients connecting the actual calcula-
tional points with a straight line will conservatively main-
tain a minimum pressure margin of 25 psi since the actual
allowable power level would be expected to lie somewhere
above this operating limit line. Conservatism is incorporated
into the operating MCPR's by imposing the limiting operating
ACPRs of 1.31 for 7 x 7 fuel and 1.39 for the 8 x 8 fuel,
calculated for the worst degraded condition (end-of-cycle),
over the entire cycle. Thus, the analyses at the endpoints
of 1002 power with "B" scram curve, and 927 power with the
EOC-3 scram curve, are bounding for all MPCR and pressure
transients for all power and burnup combinations shown on
Figure 7~-11.

Operation at 100X power level is permissabl

of "B" scram curve applicability. Beyoend t oi
MWD/T iato the cycle, the power will be reduced from
power to 92% power at EOC-3, limited by the maximum
profile shown on Figure 7-11. This limic will be

by imposing small step darates, each of which is valid

socme incremental exposure. For each derate there will be ad-

ministered a corresponding nominal power-flow line, interpolated

between the nominal 100X flow control line and the nominal 92%

‘ flow control line shown on Figure 5-1.
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Question Bl:

Respense:

I s b . o e

Ques:zion BlA:

Response:

B e 0y Dl DR R LB B W B

ATTACHMENT B8

Responses to NRC Questions on Pilgrim
Single Loop Operation (NEDO-20999)

Provide the details of the calculations which are used in the
evaluation and comparisons of one and two pump operation for
3WR/3 and BWR/4 type plants. The information required includes
the input MAPLHGRS for cone and two pump operation and the ECCS
type information such as transient core flow, core pressure,

lower plenum enthalpy, MCPR, convective heat transfer coefficient,

water level, vessel pressure, peak cladding temperature, and break
spectrum curve. 5

The requested details of the calculations for one and two pump
operation are compared in Table 1-1. It is noted that the cal-
culation of the two pump MAPLHCR and peak cladding temperature
(PCT) values presented in NEDO-20999 are entirely consistent with
the procedures specified in NEDE-20566. The evaluaction of MAPLHCR
and PCT values for one-pump operation are alsv consistent wiczh
NEDE-20566 with :the exception that boiling transition is assumed
at 0.1 seconds after the LOCA. The time to boiling transition is
provided as input to the one-pump analysis and is not calculaced
as part of the amalysis as is the case in the two-pump analysis.

For two-pump operation, the transieat core flow, core pressure,
lower plenum enthalpy, and MCPR are calculated, as alwavs, usin
the LAM3 and SCAT computer codes. From these evaluations the
duration of nucleate boiling after the LOCA is calculaced. For
single-loop operation, the transition from nucleate boili 2
conservatively assumed at 0.1 seconds. Therefore, the LAM3 and
SCAT computer codes are not requir and are not used in the eval=-
uations for one pump MAPLHGR's and PCT's. Wwith this gxcept
the heat transfer ccefficients used for the evaluation of
and two-pump MAPLHGR's and PCT's are identical. Water level a
vessel pressure are calculated by the SAFE/REFLOOD Code for sot!
one-pump and two-pump cperation. PCT and break spectrum curves
are calculated by the CHASTE (with SAFE/REFLOOD) computer code
for both one-pump and two-pump operation.

s

"y
I

In particular how are differences in reflood time, spray time and
uncovery time used to predict a change in MAPLHGR., For example,
a one second reflood delay is squivalent to a one-half percent
reduction in MAPLHCR for late reflooders; while changes in the
above parameters is equivalent tc a one percent reduction in
MAPLGHR for early reflooders.

Sensitivity studies with Appendix K ECCS evaluation models provide
the basis for estimating the effect of small changes in reflooding
time (TFLOOD), uncovery time (TUNC), and core spray ceoling inicia-
tion time on the MAPLHGR and PCT for early and late reflooders. For
example, an increase of 1 second in reflooding time increases the
PCT by about 3OF for a late reflooder and bv about 3°F for an early
reflooder. The one second increase in reflooding time decreases the
MAPLHGR by about 0.10% for a late reflooder and by about 0.25% for
an early reflooder.
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— Ll — ———— RN Ry w— -



TASLE 1-1

COMPARISCM QOF MAPLHCR AMD FCT CALCULITION DETAILS

FOR QNE-PUMP YERSUS

TWO-PUMP OPERATICN

TWl-P1?
QPE T L0t

D ——

MAPLFGR For Table 2-3 of NECO-
20933

Core Pressure Calculation

-

Transient Core Flow Calculation

Lower Plenum Enthaloy
Calcylation

16.1 kw/ft

LAMB
LAMB

LAMB

12.7 kw/ft

Not Applicablie*

Not Applicabler

Not Applicablaer

yuena E A { . TS | - .
coxR SLA] | WOL Appilcadise™ |
! $
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{ s .5, Uaat Toaned e NEAA ! NENE .INRAR !
| Convective Feat Transfer | NEDE-20565 | {ECE-20556* :
y Loefficisne Q i |
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Peak (ladging Temperasure CHASTE CHASTE
I Calamrlasedn . i § |
| Sa&iICUIation ) i :
l ]
. | . |
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oreax spactrum Calculations i LHASTE plus LHASTE olus
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| SAFE/REFLLCO : SRFE/REFLCID :
| | |
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»Qiiing transition for LOCA from one-loop operation is assumed 3t O.) secand
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fererore, LAMS and SCAT calculations not racuired,

**for one-pumps 22eration, loss of nucleat bailing

after the LOCA.
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Question B1B:

Response:

Question BlC:

Response:

Question B2:

Response:

Question B3:

Response:

O e e et T B 1 T T e T Vg —— y— L T —
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For the two-pump MAPLHGR is a constant heat transfer coefficient
(HTC = 30) used until lower pleanum f£lashing as in previous sub-
mittals or was the calculation done as described in NEDE-20566,
(Dougall-Rohsenow with Ellion used to calculate steam generation)?

The calculation was done as described in NEDE-20566 (Dougall-
Rohsenow with Ellion).

Are hot node uncovery and core uncovery as used oa Page 2-3 and
<=7 synomonous?

Yes.

Provide the data that shows that boiling transition occurs earlier
for discharge than for suction breaks of the recirculation line,
as discussed in Section 2.2.4 on Page 2-7 (NEDO-20999).

This is a mistake in the text. The seccnd sentence in the first
paragrach of Secticn 2.2.4 should read: '"Curves for both suction
and discharge breaks are presented because the onset of boiling
transition occurs significantly later for discharge breaks" (cor-
rected in Supplement 1, attached). Examples of boiling transition
times for suction break versus discharge break for several plants
are listed bhelow. Note that the onsat of boiling tramsition occurs
much later for discharge breaks.

ONSET OF BOILING TRANSITION (sec)

Suction Break Dischargze Braak
PLANT A 3.3 15.9
LANT 3B 6.0 12.4
PLANT C 4.4 3.8

Pravide a discussion on the effect of core plugging on MAPLHGR
reduction for one pump operation.

?lugging the core plate holes, wihich substantially reduces re-
flooding capabilicty after a LOCA, results in longer calculated
reflooding times. The MAPLHGR reduction factor (s multiplication
factor on the two pump MAPLHGR) which is a function of reflcoding
time, increases as the reflooding time increases (i.e., for plugged
cores) as shown in Figure 1 of NEDO=-20999. Therefore, the effect
of core plugging is to increase the raflooding time and thereby
increase the MAPLHGR reducticn factor. Although the MAPLHGR Re-
duction Factor increases for pluggeu core, the resultant MAPLHGR
for single loop operation is less for a plugged core than for the
unplugged core. The assumed time to boiling transition is inde-
pendent of whether or not the core is plugged.

T ——
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Question B4:

Response:

Question BS5:

Response:

Provide a curve of transient PCT of the lowest axial plain to
experience CPR = 1.0 prior to jet pump uncovery versus time
with one pump operation.

The cladding heatup analysis of the LOCA from one pump operation
assumes that boiling transition occurs over the entire length of
the fuel bundle at 0.1 seconds after the LOCA. Ia other words,
all axial planes are assumed to experience CPR = 1.0 prior to jet
pump uncovery. Therefore, the high-power axial plane experiences
the most severe cladding heatup. Plots of calculated peak clad-
ding temperature versus time for the high-power axial plane are
provided in Figures 4-1 and 4-2 for early and late reflooding
BWR/4 plants.

Provide a discussion on the one pump vessel blowdown and reflooding
calculations relating to the assumption of 102X of rated power and
flow as bteing conservative when compared to operating at a reduced
sower level.

The Appendix X ECCS blowdown-reflooding calculations (SAFE/REFLOOD
computer codes) are performed assumiang that the reactor is operating
at 1027 rated power with corresponding core flow, steam flow, ete.

at the time of the postulated LOCA. For single loop operation, the
reactor will be operating at considerably less than 100% rated power.
The parameters input to the cladding heatup analysis are somewhat
sensitive tc the reactor operating conditicns (core power, core fleow,
etc.) assumed ian the blowdown-reflooding calculations.

Table 5-1 (actached) presents a comparison of calculations for the

high-power axial plane uncovery time (TUNC), the core spray cooling
initiation time (TSPRAY), and the high-power axial plane reflooding
time (TFLOOD) for che following two cases:

CASE 1: LoCA from two-loop aperation assuming the resztor
is operating at 1025 rated power with corresponding
core flow, steam flow, etc.

CASE 2: LOCA assuming the reactor i: operating at the ap-
proximate reduced power level for single loop
operation (approximately 75% rated power) with
corresponding core flow, steam flow, etz.

The comparisons are made for the DBA, 80% DBA, and 60% DBA break
sizes for the example plant. Table 5-1 indicates lenger uncovery
time, longer time for the single-loop LOCA (reduced power and flow).
The longer uncovery time and shorter reflooding time decrease the
calculated peak cladding temperature (PCT) for the full power case,
while the longer time for the initiation of spray cooling tends to
increase the PCT by a small amount. The net effect of using the
parameter values for the full power case rather than for the reduced
power ctse is to increase calculated PCT for the DBA by approximacely
l09F. Thus, since the PCT is slightly increased by this assumption,
it is convenient and conservative to use the parameter values cor-
responding to the two-pump LOCA from full power for the cladding
heatup calculations for the single-loop LOCA.
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: COMPARLSO! OF SUZLDCIN-REFLOADING PATMETERS FOR FULL POMER ( (THC-LCOP
QPERATION) CASE VSISUS REDUCED POWEI CASE (SINGLE-LOOP QPERATION)

: BREAL SIZt CASE 1+ CASE 2*+

. Tunc? 25.4 2
D8A TSPRAYC 33.5 3
TFLOOD® 106.3 10

TUNC 2
80% DBA TSPRAY 3
TFLOCD 10

| ik TUNE 33.0 37.5
| SUs 08A ,3'8“1 £1.7 53.5
| TFLOCS 105.4 104.3

< P T T ar - -
-1T€ AT which Cradit is assumed for core spray heat transfar

e e R e L e e e

.
st onn 25F  ~m - 3 {
FLCOD = efigoding tire for hot nods (sec)
* S . I Ara - - '
CASE 1: LOCA frem two-lcon coeration 2ssuming the reactor §§ cperating
1090 - ~ EnAr A3 -~ - T
at 10l ragtac =ower "1\-1’- l.ﬁl"f"':,..'.w"; corg ,‘i‘:'n'. R -2 4 :u. L
X ARE . i NG & -~ cnata - - $ -
CASE 2: LOCA from singla-looo operation assuming the reactor 15 uperating
A : i o4 snve 61 $a 1 :
3t reduced power with corresponding core flow, steam ficw, arc.
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Question B36:

Response:

Discuss the significance of the PCT term in the MAPLHGR Reduction
Factor (F) equation and its tendency to lower the "F" factor when
the 2 pumps PCT is below 2200°F. C(larify the statement in Para-
graph 3 of Page 2-3 (NEDO-20999) that no credit for PCT margin is
taken to calculate the one pump MPALHGR.

This question is not relevant to Pilgrim operation in Cycle 3
because MAPLHGR limits are derived from th2 22009F Appendix K
limits throughout the cycle. However, in the interest of for-
warding information to the NRC, the following information is
forwarded from G.E. Since this information is generic inm nature
and is not applicable %o Pilgrim, it is expected that it will be
used for information purposes and will not effect the NRC review
of the Pilgrim single loop submittal. v

The equation:

F=l- {MAPLHGR (2 Pump) - MAPLHGR (1 Punp)]
L MAPLHGR (2 Pump) 4

is used to calculate the generic MAPLHGR Reduction Facter (F)

" yis : = ) . £ L
curve in Figure 1 of NEDO-20999. The standatd procedure fnllowed
< . 1 - - - - - 3 - - i = - - & ! Aevis s
in calculating the data points in Figure 1 is as follows:

(1) One-pump MAPLHCR and PCT wvalues for sele 3WR/3-3WR/4
plants are conservatively calculated acs g to the as-
sumptions of Section 2.2.3 (two=pump MAP and 2CT values
dre aireacdy svailable for previous Appendix CCS analysis

subaitcals);

(2) These MAPLHGR and ?CT values for cne and two pump oparat.on
are then used in the above squation to calculate 7. If the
two=pump PCT is equal to 2200°F, then the PCT term in the
above equation is zero and the equation to calculate the
MAPLHGR Reduction Factor is simply:

MAPLHGR (2 pump) = MAPLGHR (1 ?um:)}

MAPLHGR (2 Pump)

If the two pump PCT is less than 2200°F then the PCT term is
employed to ensure that a conservatively low MAPLHGR Reduction
Factor for the generic curve in Figure 1 is calculated. For
example, suppose that results of specific heatup caleulations
for a particular BWR/3-BWR/4 are as follows:

MAPLHGR (2 Pump) = 15.00 kw/ft; PCT (2 Pump) = 2000°F.
MAPLHGR (1 Pump) = 14.25 kw/fr; PCT (1 Pump) = 2200°F,

These results show that the one-pump MAPLHGR is reduced to 14.25/

15.00 = .95 of the two-pump MAPLHGR. It is noted for this example
that the MAPLHGR for single-loop operation is reduced bv a compar-
atively small amount (3%) because there is 2009F (2200°F - 2000°F)

of margin in the two-pump PCT before the MAPLHGR is limited by the
MANNE Asnandie € 1imi=




P O R T T Ly —— e BELE W e e B ey N e s B Sl e S e L R E— R W TR TR RSN .

- '\

-

The results cited in this example are now used to calculate a
generic data point for Fijure 1. Using the above equation,
the calculated MAPLHGR Reduction Factor for Figure 1 is

- [1s.00 - 14.257 _ 2200-2.] -
k=3 15.00 .‘ [ 30 LBl

1.0 - 0.05-0.10 = .85

Therefore, for cthis example plant, the effect of the PCT term

in the equation for F is to reduce the calculated generic MAPLHCR
Reduction Factor for TFigure 1 by 0.10 (from 0.95 to 0.85). There~

fore, 0.85 is a conservatively low MAPLHGR Reduction Facter that

may be applied to a8 differeat plant with an equal refloocding time .
and with a two-pump PCT equal to 2200°F.

To answer the second part of this question, consider the following

example. A single-loop operation MAPLHGR is required for a plant

with the same reflooding time as the plant in the above example,

but the two pump PCT is 2100°F. The generic MAPLHGR Reduction

Facter (F) from Figure 1 {s 0.85, and therefore the sinzle-loep
LHCGR is:

MAPLHGR (1l Pump) = X MAPLHGR (2 Pump)

L5 ]

= 0.85 x MAPLHGR (2 Pump)

it is no:ed in this example that credit 14

2200°F - 2100°F) in the two pump PCT is conservatively fznored
in the cal:ula:ion of the single-loop MAPLHGR frem Fizura 1.
Taking cradir for this wmargin would increase the MAPLHCR reduc~
tion factor to 0.30 (inscead of 0.35) and the re by increase the
one-pump operation MAPLHGR by approximately 3

for the 1009 margin

-

In summary, it is conservarive to account for the twe pumy PCT
margin in the calculation of the generic MAPLHGR Reduczinn Factor

Curve (Figure 1) becauses this results in conservativelv low wvalues

of F to be applied genarically to all 3WR/3-BWR/4 gslants wich com-

parable raflooding times. On the o:%ev hand, it is conservativa

to ignore the two pump PCT margin when using the generic MAPLGHR

Reduction Factor (Figure 1) curve to calculate the one pump opera-

tion MAPLCHR because, by so doing, zonservatively low MAPLHGL's

are obtained.

Question 87: Provide assurance that all BWR/3 and BWR/4 plants without the LPCI
modification will be limited by the suction line break. For axample,

BSEP #Z with a LPCI modification is limited by the discharge line d
break, it is not obviocus that without the LPCI modification that '
the limiting break will rivert to the suction line. lugzing of.

the bypass flow holes in the core support plate may also have an

effect on the limiting break lecation.




Question B28:

33A:

In the heatup analysis for sinj le loop cperation, boiling transi-
tion is assumed at 0.l seconds “or both suction and discharge line
breaks. Thercefore, the refloocing time i{s the primary parameter
determining the peak cladding temperature. For BWR/3-BWR/4 plants
without the LPCI modification, the reflooding time for the suction
line break is always longer than for the discharge break. This
results because inventory losscs during vessel blowdown are always
less for the discharge line break due to smaller break area (re-
stricted by the limiting flow area through the recirculatioa pump) .
Since the suction break has a longer reflooding time, it will always
be more limiting on MAPLHGR than the discharge line break for BWR/3-
BWR/4 plants without the LPCI modification.

Plugging the bypass leakage holes significantly retards core re-
flooding for either suction break or discnharge break. The sucticn
break reflooding time is longer for plugged bypass holes (for the
same reasons cited above) and therefore limits the MAPLHCR in this
case also.

Section 2.2.35 needs clarification oa the following items.

The last paragraph on Page 2-10 needs clarification with regard to
boiling transitiea for large breaks being maximum relative ¢o the
DBA. Will a smaller break relative =c the DBA have a longer time
to B.T. and therefore a greater MAPLHGR reduction for one pump
operation.

In Sectien 2.2.5 it is stated that for the plant selected for the calculations

in Table 2-3, “the tire to boiling transiticn is maximum relative %o the

0BA". To understand the meaning of this, consider Table 2-1. The last

coiumn spows the boiling transition times for large breaks (80% DBA, &
3

and 1 ft°) minus the ZBA Soiling transition time for two plants. Zelative %o
Plant B, 1t s seen for Plant A tnat the duration of nucleate oiling for thna
Tirge breaks is longer relative to the 0BA boiling transition time. Therefore,
the assumpticn of carly boiling transition for one-pump Speratign incraazss

the large dreak PCT's refative to tne 08A PCT to a larger extent for Plant A
than for Plant 8. Thus, Plant A was selectad for the calculations shown in

Table 2-3 t3 iliustrate tnat the PCT for the large break portion of the oreak
Spectrum decreases witn desreasing break area.

4ith regard to the second part of guestion #8A, it is true that the peiling
transition times increase with decreasing trzak areas. [t is gt true,
nowever, that a break smaller than tne DBA will limit the one-punp MAPLHGR

for a BWR/3-BuR/4 plant. In Section 2.2.5, the evaluations presented in

Table 2-3 are applied generically to all DWR/3-DWR/4 “laad plant™ analyses.
This conclusively demonstrates that the large break PCT's for all “lead olants"”
(and thus for all BWR/3-BWR/4 plants) are always less than the CBA PCT

for one-punp operation.

B o LD A— T i —y ——— —
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For smaller breaks (i.e., break .rea <1.0 ftz) Section 2.2.5 presents a
comparison (for break area = 0.0/ ftz) of the effect of single-loop operation
on the PCT. For this one case, the PCT increased from 1725°F to 1760°F

in going from two-pump to one-pump operaticn.* The slight increase in PCT
for this example is explained in the second paragraph of page 2-12. The last

paragraph on this page summarizes the arguments that the small break PCTs
remain well below PCT.

There is a tendency to draw an analogy between single-loop operation in jet
pump BWR plants and non-jet pump SWR plants because the cduration of nucleate
beiling for both cases is guite short (less than 1-2 §egonos). Since the
MAPLKGR's for non-jet pump BWR plants are currently limitec by breaks smaller
than the DBA, it has been suggested by the NRC staff that this may be tna2 case
for single lgop operation in jet pump BWR's. However, such is not the case
because for jet pump BWR's the PCT transient is terminatec by reflooding, .
whereas the non-jet pump BWR's rely on PCT turnover by core spray cocling to
terminate the heatup transient. The reflooding phenomenon occurs much garl1er,
particulariy for smaller breaks, than does PCT turnover as illusgrateg in

Table 8-2, which compares the reflooding tinme for a late reflooding BWR versus
PCT turnover tim2 for a non-jet pump SWR.

For siagle lcop cperation, immediate (0.1 sec.) loss of nucleate bofling
is assumed independent of break size. Thus, the inizial tomparature re-
sponse is ldentical for breaks of diffarent sizes. The larzer break un-

t covaers earlier and therafore it has a highar temperature after the tinme

of uncavery for the large break. Veary late in the transient, the later
spray initiacion for the case of the smaller break causes the temperature
difference between the large and small to be raduced. Howaver, refloodiag
occurs at early enough times such that the larger break has the higher
temperatura. Specific detailed calculations have shown this to be the

v

case (see NEDQ-210999, Section 2.2.5)

388: Are the two
and the one
veduction £

pump PCT's in Table 2-3 caleculated using the original MAPLECR
pump PCT's calculated with a two pump MAPLHGR recuced by the
ctor with no credit for "2200°F - PCT" margin?

"

*[t is noted that these small break PCT's were calculated with the CHASTE 5
computer code. For two-pump operation (PCT = 1725°F) tne small break
assumptions are employed (i.e., nucleate boiling until uncovery). For
one~-pump operation (PCT = 1760°F) Ellion 200l toiling (hte = 20 Bcu/hr-Ft2~’F)
is assumed until uncovery. The MAPLHGR u3ed in the one-purp PLT calculation
* 15 reduced by 15% from the two-pump MAPLHGR.
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Response: The calculations presented in Talile 2-3 were performed for the BWR/3-BWR/4

with the earliest reflooding tim: (106 seconds) as explained in Section 2.2.5.
The MAPLHGR's used for the PCT calculations are 16.1 kw/ft (the original
MAPLHGR) and 12.7 kw/ft for two-pump and one-pump operation, respectively.
From Figure 1 of NED0-20399 the 1APLHGR Reduction Factor is 0.74 for this
plant. Therefore, the one-pump MAPLHGR for this plant would be

0.74_x 16.1 = 11.9 kw/ft if no credit is assumed for the "2200°F - PCT"
margin. However, taking credit for this margin increases the single loop
MAPLHGR to 12.7 kw/ft. Although the value of 11.9 kw/ft is the recommended
MAPLHGR for single loop operation, the 12.7 kw/ft value is used for the
one-pump PCT break spectrum calculations in Table 2-3 because this results in

higher calculated PCT's for the breaks smaller than the 0BA, and therefore
1S conservative.

It is furtaer nated for clarification that the PCT comparison in Section 2.2.5
for the C.07 ft< break was ca'-ulated for a different plant for which the
MAPLHGR Reduction Factor for single-loop cperation is 0.85 (i.e., a 15%
reduction from the two pump MAPLHGR).

C — —— .

38C: Describe how the MAPLHCR's for one and two pump operation are derived in
Table 2-3. If Figure Ll is used for the shortest reflood time plant, the
reduction factor is 0.74, and the one pump MAPLHGR would be 16.1 x .74 or
11.9. The MAPLHCR reduction factor derived from the MAPLHGR's shown in
Table 2-3 are F= 1 -[16.1 - 12.7 7= .73.
L 16.1

Response: The answer t2 this part of Question #8 is included in Par: 3 immediately
apove.

Question 39: For the discussion of 3mall break PCT's in Ssc-ion 2.2.35 the following needs
to be clarified.
3%A: Are the two pump MAPLAGR's calculated using the SAFE code with the small
break assumptions (i.e., aucleate boiling till core uncovery zero heat
transfer till core spray, and core spray heat transfer until refloed)?

Response: This question refers to the two pump PCT's, rather than MAPLHCR's, for
small breaks. For single-loop operation, the small break PCT's are cal-
culated with the CHASTE Code assuming loss of nucleate boiling ac 0.1
seconds, followed by Ellion pool boiling until core uncovery, zero heat
transfer until core spray, and core spray heat cransfer until reflooding.
This method {s identical to that for the large break PCT calculations for
single loop operation. Tor two-loop operation, the small break PCT is
calculated with the CHASTE code with the small break assumptions, i.e.,
nucleate boiling until core uncovery, zero heat transfer until core spray,

& and core spray heat transfer until reflooding.

v

398: It appears that the small break model (SBM) should yield a greater reduc-
tion in MAPLHCR because the core uncovers slowly (no B.T. occurs) and
MAPLHGR reduction is greater for one loop operation at longer times to
boiling transition (B.T.). Compare the 1.0 ft? using the LBM and SBM.
Provide the MAPLHGR's PCT's for two pump and one pump operation.




Response:

Question B10:

Response:

The first part of this questign i5 answered in the response to question 2A.
Table 9-1 presents the 1.0 £t PCT for the Large Break Model (LBM) and Small
8reak Model (SBM) for both two-loop and single-loop operation. The MAPLHGR'S
used in the calculations are also specified in Table 9-1. It is noted that
both the L3M and SBM PCT calculations for single (oop operation were
performed assuming the £1lion correlation until uncovery. Furthermore, if
nucieate toiling ?ruther than Ellion) until uncovery is assumed for the
single-loop operation SBM, the PCT decreases from 1300°F to 1480°F as

shown in Table 9-1.

Provide the delay to'boiiing transition based on the GE correlation
1f calculated. If the delayed boiling transition was not calculated
give justification for not considering in one pump operatloq.

For single-lcop operation the delay to boiling transition for all BWR/3-BWR/4
plants is not calculated but rather censervatively assumed to be 0.)

seconds after the LOCA. For non-jet pump BWR/2 plants (not included in

the scope of this report) the calculated delay to boiling transition is
typicaliy 1.0 - 1.5-seconds. The calculated delay time to beiling transition
(using the non-jet pump plant boiling transition correlation) is essentially
the same for BWR/2, 3, and 4 plants because the major determining parameter
inthe calculation is bundle power, which is approximately equal or these
plants.* Therefore, the justification for using the assumed value (0.1
seccnds) rather than a calculates value (approximately 1.0-1.5 seconds)

is that this assumption results in conservatively high calculated peak
cladding temceratures (because the Tonger duration of nucleate boiling is
more effective in removing the stored energy from the fuel befors the
transition to film bailing, and therefore, if assumed, reduces the cal-
culated PCT).

*Actually the time to toiling transition would be longer for S4R/3 and 4's
Cecause, even for a LOCA from single loop operation, there would be signi-
ficant core coastdown flow induced by natural circulation tnrough the jet
pumps. This induced core flow would result in later boiling transition
than that predicted by the correlation used for BWR/2 plants which assuines
Zero core coastdown flow.



TABLE 3-1

COMPARISON QF PCT FCR 1.0 Fre BREAK USING LARGE BREAK MODEL AND SMALL BREAK
MODEL FCR TWQ-LOOP /ND SINGLE-LOOQP

OPERATION

PEAK CLADDING TENPERATURE (°F)
FOR 1.0 FT® 3REAK

TWO-LOOP OPERATION® ONE-LOOP OPERATION®*
8
Small Break Modeld 1715 1900 %~
Large Break ?cﬂe}b

1730 ; 13925

3Small Break Model: SAf:

bLarge 8reak Model: CH

*MAPLHGR = 18.1 kw/ft “or two-1C0p cperation,

"AM;\;L”GR = }2.7 “'V/,":
the Ellion
and S8M.

LIRTS]

w#x*[f nucleate bHgilin
the result is PCT

for singla-loou operation. For single-lcon operation
correlation is assumed until uncovery for poth L3M

)

antil uncovery is assumed for the SEM singie-loop 2CT,




Question Bll:

Response:

Question Bl2:

Response:

Bl2A:

Response:

Question Bl3:

Response:

Question 314:

Response:

Provide the MAPLHCR curves for ne loop operation for the plugged,
reload core.

NEDC-27999 is applicable for the bypass flow holes plugged case only.
This clarification is made in Supplement 1 (attached). .

Provide assurance that the K¢ fazrors that are derived from the cold
water increase transient (recir~ulation pump speed up, both loops
operating) will be bounding for one loop cperation.

The K¢ factors are derived assuming that both recirculation'lqops increase
speed to the maximur permitted by the M-G Set scoop tube position set screws.
This condition produces the maximum possible power increase and hence
maximum aMCPR for transients initiated “rom less than rated power and flow.
when operating with only one recirculation loop the flow and power increase
associated with the increased speed on only one M-G Set will be less than
that associated with both pumps increasing speed, and, therefore, the K¢
factors derived with the two pump assumption are conservative for single
loop operation.

Also provide a discussion of the cold water increase (positive reactivicy
insertion) transients and how trey are bounded bv the two=-loop full power
analysis.

The loss of feedwater heater avent is generally the most severe cold wate
increase event with respect t5 increase in core gower. This event is caused
Dy positi/e reactivity insertion from core flow inlet subcoeling (see
Reference 3 of NED0-20999); therefore, the event is independent of two-pumo
Cr one-pump operaticn. The severity of the event is primarily dependent on
the initial power level. The higher the initial power leve!, tne greater the
CPR change during the transient. Since the initial power level during one-
pumo operaticn will be significantly lower, the one-pump cold water increase
case s conservatively bounded by the full power (two-pump) analysis.

Provide details on how the curves relating core flow to drive flow, as
described in Section 4.2, are obtained.

See revised pages to NEDO-20999 (attached).

The derivation of the rod block equation appears to have an inconsistency,
Should the first equation on Page 4~4 read, "RB1gg = m(l00 + awW) + RB,",
rather than, "R3;59 = m(100 +4W) + RB"?

See revised pages to NEDU-20999 (attached).



Question B15:

Response:

Question 316:

Response:

Question Bl7:

Response:

Provide the l00% point on the drive flow axis on Figure 4. There
appears to be an inconsistency on the location of the 100% point.
The point Fc = 100%, W = 100% should be the two pump curve, while
the abscissa label indicates the one pump curve.

See revised pages to NEDO-20999 (attached).

Justify using the two loop uncertainty factors for calculating the
Safety Limit MCPR for single loop operation. The reverse flow through
the idle jet pumps may result in a higher flow uncertainty factor.

Most of the uncertaincies used ia statistical analysis (Table 5-1 of
NEDO-20855-1) are independent of whether flow is provided by two loops
or a single loop. The only exception is the total coreflow which, for
two pump operation, has a standard deviation (% of point) of 2.5. For
single loop operation, this value would increase to about 6% of rated
core flow. The 3.5% increase in core flow uncertainty corresponds to

an increase in the safety limit of approximately 0.004 which can be
neglecced.

It should be noted that the steady state operating MCPR with single
loop operation will be conservatively established by multiplying the
rated flow MCPR limit by the K¢ factor. This assures that the 99.9%
statistical limit requirement is always satisfied.

Provide a technical basis for the proposed changes in the intercept
and slope for both the flow biased APRM flux scram and the rod block
setting. Provide a quantitative assessment of margins to the MCPR
safety limit at the lower permissible valuess of core flows for L00%
control rod pattern. Include in the assessment such local power in-
Crease transients where thermal/hydraulic and sudden effects are in
phase. Examples are rod withdrawal errors and xenon redistribution
causad by normal operations.

A more detailed justification for the proposed changes ia the intercept
and slope for the flow biasad APRM scram and the rod block setting than
has already been provided is rot available at this time. GCeneral Electric
has advised us that it will be several months before this information be-
comes available. We will continue to review the benefits of this proposed
Technical Specificaticu revision and will forward the iaformation as ap=-
propriate as it baecomes available and following completion of our review
of this information.



