A system transient mode! for the Browns Ferry Nuclear Plant based on

the RETRAN program is described. The model is applicable to a wide range
of +rapslen+s but Is primarlly intended for anal?sls of the limiting
pressurization transients considered for reload core |icensing. The model
is qual ifled by comparisons to a range of startup %es+ transients and fo
special turbine trip transients performed on a boillng water reactor of
essentially Identical design as the Browns Ferry units. The results of a
‘ special NRC test problem with comparisons fto other codes! calculéflons are
also presented. 7 |
A representative appllcation of the model for |licensing basis
calculations of the |imiting pressurization transients (based on Browns
Ferry unlt 3 at projected end of cycle 5 conditions) Is presented. Results
‘of extensive sensitivity studles are presented for the llicensing basis
calculations. Two procedures for determining consérvaflve critical power
ratio Iimits from the model results are developed énd their use in updating

7“plan+ technical specifications demonstrated,
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6. REPRESENTATIVE LICENSING BASIS ANALYSES

The three IiImiting pressurization frénslenfs for reload |licensing
analyses were Identifled In chapter 1 as: +the generator load rejection
with fallure of the turbine bypass system (GLRWOB), feedwater controller
fallure to maximum demand (FWCF), and closure of all maln steam lsolation
valves with Indirect scram on high neutron flux (MSIVC). The basis for
selecflﬁg these three events as |Imiting was glven In chapter 1 and
discussed In reference 6-1.

This chapter will describe the model inputs and Inltlal conditions for
licensing basls analyses and Indicate how these Inputs compare to expected
val ues. “Represenfaflve results for each of the three events will be shown
using a hypothetical Illcensing basis analysis for Browns Ferry unit 3 at

condltlons projected for the end of Its flfth operating cycle.

’

6.1 Llcensing Basls Inputs

The basic model utilized for Ilcensing. analyses was described in
cﬁapfer 2, Iherguare soﬁe'conservaflve Inputs for +the I1ce55]ég basls
analyses and conservative Initial conditions are empléyed. “Table 6-1 shows
the relationshlp of llcenslng'basls mode! Inputs and Inlflai conditions to
the expeéfed values. The "expecfedé values and condltions are meanf only
to show potential conservatisms In the |lcensing basls modellné and not to

define a practical "best estimate' model.

6.1.1 Core Exposure

The licensing analyses are performed at the maximum cycle exposure In

the Interval for which the analysls appllies (e.g., BOC to EOC-2 GWD/MT, BOC




Table 6-1°

Transient Model Inputs & Initial Condltions Compared to Expected Valves

" 1tem

Cycle Exposure

Power/Exposure Distribution

Initial Power ($NBR)

Inttial Steam Flow (%NBR)

Initial Core Flow (%NBR)

Initial Dome Pressure (psia)

Feedwater Temperature

Yessel to Rellef Vlv Pressure Drop (psi)

Yessel to Steam Header Pressure Drop (psl)

Control Rod Initlal lnserflon

Control Rod Motion :

CRD Scram Time (seconds fo 20% finsertion)

Scram Sefpoinfs

“Protection System Logic Delay :(msec)

Number of Rellef Viv's

Relfef Viv Capacity

Rel lef Vlv Setpolint

Rellef Vlv Response (msec delay/msec stroke)

_ Turb. Stop/Control Viv Stroke Time (msec)
Turb. Bypass Vlv Response (msec to 80% open)

Recirculation Pump Trip Delay (msec)

Recirculation Pump Coastdown Constant (sec)

Flow Control Mode

Controller Settings

Separator Inertia -

Fuel Rod Gap Conductance

Expected Value

Inside Interval
Nomlnal

< 100,

£ 100,

£ Limiting value
1020 :

< Max. value
Nominal (< 15)

< 42,

Nominal pattern

Rods at different speeds

Nominal (approximately 0.71)

More conservative than tech. spec.
Nomlnal (30)

13

Nominal

Nomlnal

Nominal (300/100)

Nominal (150/250)

Nominal (200)
Nominal (135)
Nominal (4.0)
Manual
Nominal

Spl 1t between Inlet & exit junctions

Nominal, varyling axlally & during
transient

“

Licensing Basis Apalysis

Max. value for interval belng analyzed

Conservative +arge+

104.5

105.0

Limiting value

1035

Max. value

Max. (15)

46.

Minimum scram worth configuration

All rods at same speed (conservative)

Tech. spec. upper |imit (0.90)

Tech. spec. limiting value .

Max. (50)

12 (one lnoperable)

With 0.9 ASME derate-

Nominal + 1%

Slowest spec. (400/150) .

Fastest spec. (100/150)

Slowest spec. (300)

Maximum spec. (175)

Conservatively slow (4.5)

Manual

Nominal

All on inlet junction

Conservatively low, uniform axially
and constant during transient

8T2Z
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"to EOC, etc.). 'As cycle exposure Increases, the Inventory of partially

inserted control rods Is reduced and this In turn decreases the rate of
- .scram reacflv!fy‘lnserflon. The reduction In sc}am reactivity Insertion
rate Is the dominant phenomenon for pressurlz&flon translients so that the
most severe results occur at the maximum cycle éxposufé.

. Near the end of an operating cycle when essentially all confrol rods
are fully wlfhdrawn from the core, the axlal power dlistribution ~Is
controlled by the accumulated axial exposure distribution. Since the axlal
power distribution affects the Inltial rate of scram reactivity Insertion
during a transient, the scram reactivity Insertion rate Is Influenced by
the exposdre distribution used In the analysis. An exposure distribution
Is utilized In the analyses which produces a conservaflve scram reactivity
insertion rate relative to that of the expected exposure distribution. The
target exposure distribution used In the analyses Is normally that produced
by the power-exposure Iteration (reference 6-2) or the so-called "Haling
principle" distribution (reference 6-3). However, If the plant operatlonal
strategy Is expected to result In an exposure distribution more |Imiting
than the Haling distribution, another target distribution conservative

relative to the expected operation Is used In the analyses.

6.1.2 "_inltial Stafe Point

The Initial power® in the model Is set consls*enf with the maximum
steam flow- capablility of 105-percent NBR. A high value of Initial steam
fiow results In a more rapld pressurization and hlgher maximum pressures.

A maximum value of feedwater temperature is utilized along with a nominal

0.2 percent steam carryunder from the separators. ‘The.lnlflal reactor dome
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pressure Is set at 1035 psia which Is conservatively high relative to
normal plant operation.

The core flow Is Initlalized at the maximum value expecfeq to be
utilized by the operating unit. This Is normal ly the rated capaclfy of
102.5 mfb/hr. However, the reclrculation system of the Browns‘Ferry units
has the physical capability to produce core flows }n excess of the rated
capacity at ra%ed power (up to approximately 105’percenf of rated flow).
The use of the Increased flow capability has substantial benefits In
simpl ifying plant operations. For cycles In which use will be made of the
lnéreased rcore flow capability the analyses will be performed for the

limiting core flow value,

6.1.3 Scram Reactivity

The dominant conservatism in the |icensing basis modeling Is In the
representation of the rate of scram reactivity Insertion. The Initial
control rod configuration Is selected to minimize the rate of scram
reacflVlfy lnser+ion (l.e., the Tlnlmum use Is made of partially inserted
control rods consistent wlith maintaining the power dlsfrlbh;lon ~within
applicable operating Iimits). An additional conservatism is Inherent In
the assumption that all control rods move at the same speed folfowlng
scram. , Use of a unlform speed fo; all control rods ylelds a slower initial
scram reactivity lngerTlon rate than achieved by a distribution of control
rod speeds wlth the éame average motion.

The licensing analysis utillizes the control rod movement versus +ime
following scram solenold deenergization |isted as the upper |imit °
conformance speclflcation on average rod motion in +the unit technlcal

speciflcations (reference 6-4). Table 6-2 shows the assumed rod motlon
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Table 6-2

Technicai Speciflication Upper Limlt on Average Control Rod '
Motion After Deenerglzation of Pilot Valve Scram Solenolds

Insertion

20
50

90

Time

0.375
0.900
2,000
3.500
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following scram and has a large degree of conservatism relative to actual

measured rod motion data.

6.1.4 .Eugl_Bngﬁgn_andusiansg

The llcensing basls core model utillizes a copsérvaflvely low fuel rod
gap conductance that Is uniform axlally and constant during the transient.
The actual gap conductance tends to be hlgher In the central areas of the
core and the axial power shape tends to shift uﬁwards in the core during
pressurization transients Increasing the importance of high gap conductance
areas. The actual gap conductance Is also expected to Increase during the
transient due to fuel pellet expansion resulting In a further conservatism

In the llcensing basls model.

6.1.5 _Sap_anamune.l::t.l.a

The effectlve fluld» Inertla of the separator Is determined from
manufacturer's data (reference 6-5) as a function of the separator Initial
Iélef‘quall1y. For best-estimate calculatlons %he separator Inertia Is
divided between the separator Iniet Juncflén (125) and liquid exit Junction
(141), The calculations performed for comparison to measured data
presented In chapters 3 and 4 used thls best-estimate modeling. However,
sensitivity studies Indlicated that the peak franslenf power and heat: flux
were Insensitive to the. inertia of junction 141 but qulfe sensitive to the
separator Inlet Jun;flon (125) 1inertla. ance the peak power and heat flux
were Increased .for hlgher Junq*lon 125 Inertias, the licensing basls
model ing places all of the separator Inertia on junction 125 to provide an

additional margin of conservatism In the calculation.
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6.1.6 Equipment Speclflcations

‘ The model Inputs for equipment performance (e.g., valves, protective
sys+ém, control system, etc.) are chosen from a comb!na%lon of expected
ﬁerformance data, conservatlive equlpment déslgn specificatlions and plant
technical specification |imits. The plant controller settings do not
signiflicantly affect the llcensing basls analyses of the Ilimiting
pressurization events . therefore nominal plant values are employed.
Conservative Inputs are employed for rellef valve oqenlng response and for
closure rates for stop, control, and maln steam isolation valves. Reactor

protection system setpolnts and delays are also conservatively set.

6.1.7 Hot Channel Modelling

. The hot channel model described In chapter 2 is employed to compute
the variation In thermal-~hydraullc conditions In the limiting fuel bundle.
The transient thermal-hydraullc data Is used In evaluating the change In

critical power ratio (CPR) via the GEXL correlation (reference 6-6). A

* standard 1.4 peak design axlal power distribution Is utilized in the hot

channel calculation. The translent variation In normal ized bundle power Is
taken ‘from the. RETRAN system model run with 98 percent of the power
deposited In the %uel rods and 2 percent deposited dlrecfly in the coolant.

The Initial hot bundle power and flow are deférmlned as ; function éf
lnlffal CPR by using a steady-state +hermal—hydrau|lc§ program with a

multiple, parallel” channel representation of the reactor core, hot fuel

~ bundles, and core bypass:pafhs (reference 6-7). The Initlal hot bundle

. pover and flow are selected corresponding to an Initial CPR (ICPR) which

willl result In a minimum CPR during the transient wl;hln $0.02 of the
safety=limit CPR (1.07). Table 6-3 shows the Initial conditlons for the
hot bundle calculation for Browns Fér}y unl; 3 at EOC 5. The.lImiting
bundlé utillized Is a GE pressurized 8 x 8 DR design bundle.

v .




Table 6-3

224

Hot-Channel Analyses Inltial Conditions

Parameter
Radlal peaking factor

Axlal peaking factor

R-factor

Bundle power (miWt)

Bundle flow (kib/hr)

Upper plenum pressure (psia)
ln]ef'en+halpy (B*u/lb)
Initial MCPR

P8 x 8R Bundle

1.48

1.40
1.051
6.259
107.6
*1045,2
523,53
1.29
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loss of generator electrical load from high power condltions

L]

produées the approximate sequence of events shown beléw for the portion of -

l
|
\
‘ 6.2 Generator Load Rejection Without Bypass
|
|

the event Important for deferhlnlng If appllicable fuel damage |imits have

been violated:

a.

b.

« Ceo

de

©..

Elecfflc load ls‘losf and turblne-generator begins to

accelerate (0.000 sqp}.

The loss of load Is sensed by the power-load unbalance (PLU)
device which Initiates a turbine control vélve fast closure to
protect the turblne-generator from overspeeding. The Imbalance
between power and load also generates a signal to open turbine
bypass valves but fallure.+o open Is assumed (appr9xima+ely 0.005
sec), |

Turbine control valve fast closure Is sensed by the reactor
protection system which Initiates a scram for power levels above |

30-percen+ NBR (approximately 0.035 sec).

*Sensed fast control valve closure lnlflafes openlng of breakers

befween recirculation M-G sets and pump motors beginning pump
coastdown (approximately 0.180 sec).

Pressﬁré rises to the rellef valve setpolints causing them to open
and discharge Into suppression pool. Fiow through the rellef valv;
terminates the pressure increase and begins pressure reduction to

the rellef valve reclosure setpoint (approximately 1.4 to 7. O sec).

For the conservative assump+lons utilized In the llcensing basls

analyses,

the posltive reactivity created by vold collapse during the

o H initial-reactor vessel pressure rise is sufficlent to overcome the negative
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reactivity caused by scram for a 'short perfod of time resulting in an

Increase In reactor power.

6.2.2 Results of RETRAN Analysis

The analysis of %he GLRWOB for Browns Ferry unit 3 at prgJécfed end of
cycie 5 condlflohs‘yas performed with the RETRAN model described ln'chapfer
2 anq the licensing basis Input as ldenflfle& In section 6.1. The fasf
closure of the Eonfrol vélve Is simulated by llinearly decreasing the flow
at flll Jjunction 340 (representing 'steam flow to the turbine) to zero at
0.075 seconds. This causes a rapld Increase in the pressure Inifhe steam
line near the turbine as shown In flgure 6-1., The pressure dlsfurbanqe
proﬁagafes at the speed of sound back to +ﬂe reactor vessel cadslpg the
large osclllations In vessel steam flow shown In figure 6-2. The large
negaTlvew(l:e., back into the vessel) portion of the. vessel sfeém flow
oscillation causes the very rapid pressurlzation of the reactor dome shown
in figure 6-3, The short flat portions of the vessel pressure rlseﬁoccur
when the steam flow oscillaflon Is allowing large positive (l.e.,, out of
vessel) flow rates. The delay 'In the vessel pressure rise following
control valve closure Is approximately 0.20 seconds and Is determined by
the length of the steam llnes. The pressures of the core inlet (vessel
lower plenum) and core ex!t (upper plenum) are closely matched and follow
the reactor dome pressure, Beyond approximately 0.35 seconds . the
pressquzaflon rate of the reactor core [s causing.a net Insertfon of
poslflvé reactivity since the vold reactivity Is sufflcjen; to ‘overcome the

Initially very low scram reactivity- insertion Féfe. As shown In figure 6-5

"
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the net reactivity reacheé a maximum of approxfmafely 90.72 at 70.615
seconds ‘then beglins to decrease as negatlve scram reactivity Insertion
rapldly Increases.

" The transient varlation In, reactor power 1s shown iIn flgpre 6-6. The
;eacfor power rlsés rapldly to a peak value of 393-percenf NBR at 0.63
seconds then raplidly decreases as the scram reactivity terminates the
excursion. The behavior of the core average clad surface heat flux during
the GLRWOB Is shown In figure 6-7. The initial pressufe rise In the core
cause§ a rgducflon In clad-to-coolant heat transfer due to the rise In
saturation temperature of the |iquid phase. The core average hgaf flux
quickly “furns around and begins to rise due to the Increased pbwer
generation and reachés a peak heat flux of 120.3 percent of the rated
steady~-state power value at 6.85 seconds then beglné,foAdecrease\af‘a rate
determlned by the reéucflon In power and the fuel rod +ime consfanf.l

The core inlet and exit flow rates In figure 6-8 show the compression
and expansion oscillations excited by the steam Iline pressure wave. The
maghlfudes of the initial core inlet flow Increase and core exit flow
decrease are Influenced by +the Inertlas of the jet pumps and steam
separators In additlon to the slze of the steam |Ine pressure wave.

The feedwater flow and narrow range (NR) sensed level behavior during
{he GLRWOB are shown In flgures 6-9 and 6-10, respectively. The feedwater

flow Is iInltfally reduced due to the reduced output of the feedwater

turbines as the pressure !ncréases. The feedwater flow begins to Increase

later in the transient as the préssure decreases and the controller demand

Increases. .The NR-level transient Is relatively mild with a reduction of

only 12 Inches, leaving a large margin to the MSIV closure setpoint.
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The GLRWOB system translient run was used to provide the time

dependent relative.power plus thermal-hydraul ic boundary conditions for the

upper plenum, lower plendm, and core bypass volumes for the hot channel

model Initlalized as discussed In section 6.1.7. The hot=channel run

produces time dependent thermal-hydraullc data which Is used with the GEXL

correfation to compute the change in critical power rates during the
event. The minimum CPR calculated was,l;07 and since the Inltial CPR was

1.29, a value of 0.22 for the ACPR for the GLRWOB was obtalned.

6.3  Eeedwater Controller Fallure (EWCE) .

This event Is posfulaféd on the basls of a single fallure of a control
device, spe;lflcally one which can directly cause an Increase In coolant
Inven+ory by Increasing the feedwafer flow. The most severe applicable
event Is a FWCF to a maxlmum‘demapded flow output. The pqak‘pressure,
power, an& heat flux values are largest when the event Is Initlated from
maximum power and steam flow. However, the relative Increase In power and
heat flux may be larger at the lower end of the flow éonfrol range slnce

this generéfes a large Increase in feedwater flow and a correspondingly

- greater reduction In Inlet subcooling. The Improvement In the Initial

scram reactlvity Insertion rate due to either the axlal power shape shift
towards the bottom of the core (for decreases of power along a flow control

line) or due to Initially inserted control .rods -(for opefafloné below the

"maximum power flow Iines) Is gerieral ly sufficlent to cause +he:reduced

lhlflal power FWCF operating |imit CPR to be bounded by that obtalined for

maximum power conditions. Even neglecting the Improvement In scram

'reacflvl}y Insertion rate, the consequences of the FWCF at reduced flow

operation Is cénservatlvely bounded by +the maximum power results when

corrected by "the applicable K¢ curve (reference 6-4) for core flow below

K
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. The change In ACPR for the FWCF event Is slightly more severe for
feedwater enthalples less than the maximum value as shown In chapter 7. To
account for the potential slight nonconservatisms In the | Icensing basis

conditfons for the FWCF a penalty of 0.03 Is added to the RETRAN model ACPR

results. This penalty Is significantly larger than the potential changes
due to uncertainties In feedwater temperature or due to Initial power

level.

6.3.1 Sequence of Events
+he analysis of the FWCF event Is based on the assumptions and
sequence of events |lIsted below.
a. With reactor operating In manual flow control mode (which results
In most severe transient), feedwater controller Is assumed to fail
to a maxIimum demanded output (0.0 sec).
. ) b. Feedwater turblines accelerate at maximum rate to maximum runout
capabl| ity (approximately 3.0 sec).
C. Excéés in feedwater flow results In an Increase In core Inlet
subcool ing which fn turn causes a rise In cbre power
(approximately 9.0 sec). \
d; Feedwater flpw Increase creates a mismatch with steam f]oﬂ which
eventually Increases &essel water level to high water level
turbine trip-setpoint (15.5 599)' |
e. High water level causes tripping of feedwater pﬁmps and turbine
trip (15.5 sec).

f. Turbine trip Initiates reactor scram and closure of stop valves

beglns‘pressure Increase (approxlmafely‘15.53 sec).

g;‘ Turblne‘frlp slignal Inltiates opening of RPT breakers beglnning

‘ pump coastdown (15.675 sec).
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h. Increase in steam.line pressufe causes turbine bypass valves to
open (approxlma?efy 15.80 sec). | ‘
I. Pressure rises fo‘sefpolnf of rellef valves wﬁlch open, termlinating
}hé pressufe Increase and beglns pressure reduction to retief vaive
reclosure pressure (approximately 17.15 to 20.0 sec?.
As can be seen from the above sequence of events, the FﬁCF evolves
info a turbine trip wlth bypass event from a higher than initial power

level and lower Inlet temperature.

6.3.2 Results of RETRAN Analysls

The FWCF event was .analyzed for the Inltial conditlions previously
described and was [nitiated by setting the output of the feedwater
controller to Its maximum output. The resulting feedwater flow Is shown In
ﬂguré1 6-11. _.The Increase In feedwater flow decreases. the avérage
temperature in the mixing do;ncomer and after the transport time through
the lower downcomer (approximately two-thirds of flow) and recirculation
loops (approximately one-third of flow) causes an Increase In the core
Inlet subcooling as In flgure 6~12. The excess feedwater f;ow a!s; causes
the reactor water level to Increase as shown In figure 6-13. The NR sensed
water level reaches the high level turbine trip setpoint at approximately
15.5 seconds causing a turbine trip. Closure of the stop valves causes the
pressure to Increase. Part of the steam flow Is relleved by opening of the
furﬁlne bypass valves (flgure 6-14) but for hlgh inltial power IeQéls the
bypass capaclty Is not sufficlient to prevent further reactor presgure
lncr;ases as shown In flgure 6-15, For the conservative assumption of the
licensing baslis analysls, the positive reactivity from core pressurlz$+lon
following fhe'furblne trip 1s Initially sufficlent to overcome the negative

scram reactivity Insertion (flgure 6-16) and a rapid Increase In power

"
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occurs (figure 6-17). The Increase In reapfor power causes an f[ncrease In,
core average heat flux as depicted In flgure 6~18,

~The pressure continues to Increase until the rellef valves open and
additional steam flow Is relleved to the torus (figure 6-19). The closure
of the sfop.valves generates an osclilatlon In the vessel steam flow also
showh‘ln figure 6-19., The pressure wave excltes the osclllation In core
Inlet and exIt flows shown In flgure 6-20. The overall reductlon In core
flow near the end of the simulation Is due fo the coastdown of the -
récl;culaflon pumps following the opening of the RPT breakers.

The power excursion |s eventually terminated by the scrammed control
rods and the pressure rise Is reversed by the turbine bypass and rellef
valves. Over the longer term (portion of the event not simulated) the
reaéfor level will be reduced since fhe feedwater pumps have been tripped
and evenfﬁally the level wll] be maintained by the HPCI/RCIC éys+ems.

The hof-chéﬁnel model was utilized with boﬁhdary conditions from the
fﬁCF system run (as previously described for the GLRWOB) to determine the
franslenf variation In critical power ratlo. For‘fhe initial hot-channel

conditions listed in table 6=3, a ACPR of 0.14 was obtalned for the FWCF

event and adjusted to 0.17 as described In section 6.3.

6.4 Maln Steam Isolation Valve Closure with Flux Scram (MSIVC)

The simultaneous closure of all maln steam Isolation valves wlth

Indirect scram on high power or flux (direct scram on MSIV poslition

disabled) évenf was selected by the Browns Feﬁr} Nuclear, Steam Supply

System vendor as a conservatlve basls for analyzing compllance with ASME

"Boller and Pressure Vessel Code for "upset" conditions. The boller and

pressure vessel code defines four categories of conditlons for overpressure

protection system deslgn:' (1) normal, (2) upset, (3) emergency, and
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(4) faulféd. The éompilance criteria fon‘ﬁpsef cond;ftons Is +ha+ the
maximum vessel pressure not exceed 110 percent of the deslgn"pressure (for
Browns Ferry 1.1 X 1550 =" 1375 pslig). Based‘ on' the probabii ity of
occurrence the MSIVC flux scram event could reasonably be placéd In the
."emergency"»condlflon category andvfhus provides a conservative basis fot
Tes{lng of compllaﬁce with upset condition llml+§. The maximum pressures
for emergency and faulted condltions are 1500 and 1875 pslg, respectively
and analyses by the NSSS vendor have prevlousj9 establ Ished these |Imits to
be. far less restrictive than the analysls of MSIVC fiux scram event ynder
hpsef conditions.

Thé MSIve Qlfh Indirect scram has a probability of occurrence far
below ‘that cénsldered for abnormal operational +translents and thus Is not
consldered In defermlnlﬁg the operating llm!f'CPR. The MSIVC event with
direct scram on valve position has consequences bounded by the GLRWOB and

thus analeis for each reload Is not required.

6.4.1 Sequence of Events

The main steam lIsolation Jslves on all fou; maln steam llnes are
assumed to close simultaneously at the fastest rate allowed by plant
technical specifications (3 sec) and a conservative nonlinear valve closuré
characteristic Is assumed. With the direct scram on MSIV position .disabled
+he'épproxlma+e sequence of events shown below occurs. |

a. Isolation trip Initiates closure of.MSIVs (0.0 secs).

b. Sensed APRM signal Eeacqés 120 percent of Initial value and

Inl+la+;s reactor scram £1.75 sec). ‘
¢. Control rod‘moflén begins and slows rate of lncreaseﬁof power

g2.04 sec).
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»

d. Worth of scram reactivity becomes larger than positive reactivity
from vold collapse and power Increase Is terminated (2.2 sec). -

e. _Preséure réaches lowest sefpofnf of rellef valves and 3 of 4 In
the group open (1 assumed falled). The remaining rellef yalve
groups open as pressure reaches their se+§olnfs (2.82 sec).

f. MSIVs are fully closed (3.0 sec).

g: High pressure causes tripping of M-G sets and coastdown of:M-Gs
and pumps begins (3.28 sec).

* h. MaxImum pressure Is reached In reactor vessel and pressure begins
decreasing (approximately 3.9 sec).

The times for many of the items In the above sequence of events épély

to the RETRAN analysis presented in the next section and the times are

. dependent upbn reload speciflic kinetics data and setpoints.

6.4.2 Results of RETRAN Analysis
The steam flow rate through the closing MSIVs Is shown In , figure 6-21

along with the relljef valve flow. The highly nonlinear closure

characterlistic assumed for the MSIVs results in the MSIV flow being largely

shut off by 1.7 seconds. The rapld reduction In MSIV flow causes a

corresponding rise in the steam llne pressure near the MSIVs as shown in
figure 6~22, The steam flow at the reactor vessel and‘pressure rise In the
vessel steam dome are shown In flgﬁres 6-23 and 6-24, respectively. The.
net (volid + Qoppler + scram) and scram reactivity components are showh In
figure 6-25. The maglmum positive va[ue éf net reactivity was 0.7 and
occurred at 2.03 seconds. The power l|evel variation during the even; Is
shown In figure 6-26 with the peak power of 47é-percen+ NBR o;currlng at
2.22 seconds. The maximum value of core average heat flux was 135,5-

percent NBR at 2.5§ seconds as shown In figure 6-27.
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Because the cutoff of steam llne flow for +he’MSIVC event Is not as
rapid as fo} fast closure of the turbine control valves, The pressure wave
that Is exclted Is not as severe and results In smaller core Inlet aﬁh exlt
flow oscillations (figure 6-28) than occurred for the GLRWOB. Because of
the much slower coastdown of the pumps for a M-G trip In comparison to
opening of the RPT breakers, the overall reduction In core flow rate Is not
as readily evident for the portion of the event shown In flgure 6-28.

Elgure 6~29 shows the behavior of the calculated feedwater flow durlng
the MSIVC event., The reduction In feeawafer flow Is caused by the reducéd
feedypfer pump output (at approximately constant speed) as the reactor
pressqfe Increases. Later in the transient the feedwater flow Increases
que to both the action ‘of the feedwater controller to increase the pump
speed and to the reduction In reactor pressure. The behavior calculated
for the narrow range sensed water level Is ;hOWn In figure 6-30. The
Inltial reduction in water level is primarily due to +he-cgllapse of vélds
Inside the core shroud Increasing the mass of water In that region and
decréaslng the level In the vessel downcomer (sensed by NR level instru-
ment)., The decrease in level later In the transient Is due to the
reduction In feedwater flow below the steam flow rate and thus decreasing
vessel' Inventory. Shortly beyoné the time scale of figure 6-30, the
feedwa;er flow will Increase to a rate higher than the steam flow and
recovery of the level will begin. Over a longer perlod, the feedwater flow

will +efmlna+e due to loss of exfracflon steam to drlvé 'fhe’,feedqafer

turbines and level wlll be maintained by the HPCl and RCIC systems.

6.5 Summary of Transient Results
The key transient simulatlion results for the three limiting pres-
surization events are summarized In table 6-4. The value of ACPR Is glven

for the IlImiting P8 x 8R bundle for the GLRWOB and FWCF.
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Table 6-4

Summary of Pressurization Translent Results

Peak valye of:
Power (% NBR)

~Core avg. heat flux ($NBR)
Steam Ilne presure (pslq)
Vessel pressure (psla)
ACPR

"*includes 0.03 adder to account
conditlions.

GLRWOB ENCE MSIVC
393, 224, 476.
120.3 1146 135.3

1212, 1176. " 1237,
1234, 1214, 1276,
0.22 0.17% n/a

for potentially nonconservative initial
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7. MODEL SENSITIVITY STUDIES

) wfhls chapter will present the results of a wide range of sensitivity
(model perturbation) studles. The sensitivity studies fall into the
general categorlies below:

a. Those;performed to assess the effec+ of model ing options and to

verify reasonaale functioning of models.

b. Tﬁosé performed to quantify the effect of model - inputs for which

the value Is uncertain.

c. Those performed to quantify the effect of uncertainties In actual

conditions In the operating plant.

d. Those performed to quantify conservatisms In |icensing basis

model Ing.

e. Those parformed to {denflfy IImiting Initial conditions for

analyses. ‘

The base cases for all sensitivity sfudles are the licensing basis
analyses for Browns Ferry unlf 3 at projJected end of -cycle 5 condltions as‘
presented In chapter 6 and are typlcal of expected future operating cyclas
of ajl‘+hree Browns Ferry units.

. Sensitivity studies were performed for each of the three Iimiting

" pressurization transients but the most extensive set of studles was

performed for the GLRWOB event since It is normally most [imiting for
critical power ratlo. Some of the sensitivity studies performed for the
GLRWOB were repeated for the FWCF and MSIVC events to verify the appli-
cabillty of conclusions based oa,fhe GLRWOB for these transients. In

addition speclal sensitivity sfudles. were made for the FWCF and MSIVC

events far model options or’lnpufs exerclsed by these translients but not

used by the GLRWOB event.
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7.1 GLRWOB Sensltlvlty Studles

A summary of the sensitivity studies ﬁerformed for the GLRWOB eveqt Is
presented In table 7-1. As dlécussed earller, this table Includes apalyses
performed for‘several“dlfferenf reasons and not all of }he per?urbaflons In
table 7-1 refleéf ﬁhcerfalnflés‘ln the |lcensing basis RéTRAN'model for
Browns' Ferry. The %able presents the change from the base case In maximum
translient reactor power level (AQ), maximum core average fuel rodwheaf flux
(Aq), peak vessel steam dome pressure (APygp), and the change In the

ratio of +ransien+'ACPR over inlitial CPR (ARCPR).

"7.1.1 Nuclear Model

The major uncertalnty components related to the reactor core nuc{éar
model are the three reactivity components (vold,éscram, and Doppler) and
the uncertalnty In +he prompt moderator heating. The uncertainty In each
. of these céﬁponenfs Is alscussed and the model sensl{tv}fy descrlbed In f&e

sections below.

7.1.I.i Yold Reactivity

The uncertalinty In the vold r;acf!vlfy coefficient Inherent In the 1-D
kinetics model Is composed of four components: (1) uncertalnty In the 3-D
simulator void model; (2) uncertainty In the dependence of reactivity on
water densf+y In the basic lattice physics codg; (3) uncertainty 'in the
Afransformaflon between 3-D and f-D‘wafer densities and; (4) uncertalnty due
to lnexac*‘flfflng of the collapsed 1-D cross section +o‘+he polynomlnal
forms used by RETRAN, The.flirst two components reflecf the anerfa!nfy in
the 3-D slmulaforwcalculaflon (reference 7-1) and the secona fwo‘componehfs

represent the additional uncertainty In the 1-D representation.
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-Key Results of Sensitivity Studies for GLRWOB Transient

< AQ Aq APysp

L% NBR) - (% NBR) : . A RCPR
Vold coefficlent 13% more negative + 149.9 + 5.53 + 4.9 + 0.030 *
Scram reactivity reduced 10% + 23,2 + 1,33 + 3.3  +0.012 %
Doppler coefficient reduced 10% + 6.6 + 0,40 + 0.8- + 0,003 *
Prompt moderator heating reduced 25% + 10.0 + 1.29 + 1.5 + 0.007 *
Fuel pln radial nodes Increased 50% + 0.5 - 0.22 .+ 0.3 + 0,002
Fuel rod gap conductance increased 25% - 11.0 + 1,55 - 1.5 - 0.015
Fue! conductivity reduced 5% and heat capacity Increased 5% + 9.4 - 0.42 + 0.4 + 0.009
Increase core pressure‘drop by 1.5 psi + 4,2 + 0,39 + 0.8 + 0.003 x
Redistribute 5% of core inlet pressure loss to core exlt + 1.5 + 0,13 + 0.3 + 0,002 *
Increase active core nodes to 24 - 1.7 - 0,08 + 0.1 + 0,004 *
Reduce initial core bypass flow by 20% + 1.1 + 0.13 + 0.1 + 0.002 *
El Iminate core bypass flow junction 109 - 63.5 - 3,01 - 2.7 - 0,015
Detailed noding of fuel channel conductor - 24.5 - 1.61 - 2.0 - 0.013
Use HEM In thermal-hydraulics solution - 115.3 - 0.30 + 4.4+ 0.009 *
Reduce subcooled volds by 30% + 66.6 + 2.24 + 2.0 +0.012 %
Reduce recirc pump head 10% + 5.8 + 0,31 + 0.3 + 0.002 ¥
Double recirc loop fluid inertia + 9.8 + 0.68 + 0.9 + 0,005 %
Double jet pump fluid Inertia - 60.9 - 2.10 - 0.6 + 0.005 *
Jet pump M ratio increased 7 § + 48.0 + 2,30 + 2.3  + 0,011 %
Jet pump N ratio increased 10% - 0.5 - 0,03 0.0 0.000
.Jet pump head Increased 10% + . 6.8 + 0,35 + 0.3  +0.002 *
No carryunder from separators - 3.9 - 0.16 - 0.4 0.000
Initial separator 1lquid inventory reduced 25% + 0.7 + 0,03 - 0.2 0.000
Double Inertia on separator junction 141 + 5.8 + 0.24 + 0.2 + 0,001 *
Best estimate. separator inertia model ing - 95.4 - 2.48 -~ 0.3 - 0,002
Reduced separator pressure drop by 0.5 psi - 2.8 - 0.27 - 0.4 - 0,001
Equil ibrium separator model - 15.7 - 0.66 - 1.3 - 0.004

3]
(o)
(e




Table 7-1 (Continued)

Key Results of Sensitivity Studies for GLRWOB Transient

1

w

Yessel & Steam Line Nodes
Increase Inertia of volumes 100, 180, & 190 by 20%
Decrease steam dome volume by 5%
Decrease upper downcomer volume by 5%
Reduce steam |ine volume by 5% .
Reduce steam lIne flow area by 5%
Increase steam |ine inertia by 7%
Reduce steam |line pressure drop by 10% .
Nominal relief valve modeling (capacity, sefpolnfs, & delay)
Increase sfeam | Ine nodes fo 1R

- . 4

Nominal scram solenold delay

Nominal fast TCV closure time

Nominal RPT delay

Nominal pump coastdown constant

Initialized for 1003-NBR steam flow

Nominal measured scram speed

Final feedwater enthalpy reduced 20 Btu/Ib

lnlflafed on load |ine at reduced flow (approx. 71% rated)

aAQ = perturbed case peak power (¥ NBR) mlnus base case value

Aq = perturbed case peak core average heat flux (% NBR) minus base case value
APysp = perturbed case peak vessel dome pressure (psia) minus base case value
ARCPR = perturbed case ACPR/ICPR minus base case value

* Indicates Items included In determination of uncerfalnfy in model RCPR
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:Comparlson of the 3-D simulator to méasured plant data as presen%ed In
refereﬁce 7-2 is use%ul In assuring that no gross bias "In the 3-D
slmulpfot's vold reactivity calculation exists. However, such‘comparlsons
~do not readlly allow accurate quantification of the uncertainty. Adequate
meésured data |s not avallable to allow rigorous determination of the 3-D°
, coﬁe'szuncerfalnfy therefore an estimate of the possible uncertalnty was
develbpedﬂby examining the analytic models.

The volds In the 3-D simulator are calculated using the emplirical CISE
slip correlation (reference 7-3). The emplrical parameters in the CISE
correlation were developed to minimize the 'dlffergnce§ in model
calculations and éxperlmenfal data for a wlide range of conditions. The
standard deviation of the differences between measured void fractions and
model calculations was 11 percent. To determine the uncertainty in the
CISE model for vold coefficlents, revised empirical parameters "were
doveloped which maximized the vold change for Increases In pressure while
maintaining a standard devliation of less than 11 percent In vold fraction
from ‘+the orlglnalv model for the range of data used In developing the
correlation. Utllizing the Browns Ferry unit+ 3 EOC5 core and +transient
model. inltial conditions, the reactivity change aséoclafe& with a pressure
Increase of 75 psl was evaluated with the 3-D simulator for the original
CISE correlation parameters and those for maximum pressure coeffliclent.
These analyses Indicated a .difference of 5.3 percent In vold reacfivlfy
which is a measure of the uncertainty in fhé 3-D simujator void model.

The varlation In nodal k. for Instantaneous changes In vold In the 3-D
simulator Is based on tables computed by the TVA LATTICE program (reference
7-4). To estimate the uncertainty In vold reactivity due to uncertalnties
in the éajculaflon of the changeﬂln ke With vold, [k(v)/k(40)], computed by

LATTICE, éalcu[aflons were performed wlth the KENO Monte Carlo neutron
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transport program (reference 7-5). The varliation In nodal reactivity with
vold chénges was computed wlfh' KENO and the difference In k(v))k(40)
between LATTICE and KENO was developed for three fuel bundle;r Thé effect
of .these differences on vold reactivity was evaluated by applying the
correcf[on to each node In +Ae 3-D simulator and evaluating the effect on
reacflvf?y for a 75 psl pressure Increase. These analyses Indlcated an
uncertainty of approximately 8.2 percent in vold reactivity based on the
differences between LATTICE and KENO for Inflnite lattice physics calcu-
lations. The total 3-D simulation vold reactivity uncertainty (CISE model
and lattice physlcs data) was estimated to be 9.8 percent.

The uncertainty In the water density transformation between the 3-D

and 1-D codes Is basically due to the uncertainty In the manner the water

density perturbation from transient Initial conditions Is distributed In
the radlal plane. Table 2-7 ylelds an estimate of 6-percent uncertainty In
reactivity due to uncertainties In the radial distribution of water dens |ty
perfurbafl;ns. o -

The uncertalnties due to errors lp flt+ting 1-D cross seqflons cannot
be completely sepérafed from the uncertainty in 3-D to 1-D water densl+9
transformation since these also result In fitting errors. Based on a range
of cross section flles developed for use with RETRAN, the combined
reactivity uncertainty due to transformation and fItting errors s
estimated to be less than 8.5 percent. Combining the 1-D uncertalnty (8.5
percent) with the uncerfalnfy In the 3-D slmulafqr vold reacflvlfy‘}Q.S
percent) results In *a +total of 13-percent uncertainty in +the vold
reactivity lﬁ>+he 1-D model.

The base case RETRAN cross section flle was modified +to obtaln
approxlﬁé?ely a IS—bercenf Increase (more negative) In vold coefflclent of

reactivity. Utlllizing the modifled cross sections the GLRWOB transient was
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rerun to obtaln the sensitivity results for vold reactivity shown In table
7-1. Th? peak power and heat flux are greaffy Increased for the Increased
vold coefficient case due to the relatlve closeness to prﬁhpf criticallty.
A moderate Increase of 4.9 psi In peak vessel dome pfessurenoccurred. The
13-percent vold coefflclent change resulted In a 0.030 Increase In RCPR

which Is the largest cémponenf In the model uhcerfaln+y.

7.1.1.2 " Scram Reactivity

Comparlsons were made between LATTICE and KENO of the Inflnite lattice
control strength (changé In k., for céﬁfrol rod Inserted to c?nfrol rod
withdrawn configurations). The comparisons were made for several bundle
designs and Inchannel véld fractions. The differences In control strength
ranged between 0.5 and 4.8 percent. These comparisons conflrm that an
uncertalnty In scram réacfivlfy of 10 percent due +to lattlce physics
uncertalnties Is a conservative esflma*e. As noted In section 6.1.3 there
are several conservative assumptions employed In the 1-D representation of

scram reactivity which tend to offset any potential nonconservatisms in the °

lattice physics data.

The scram speeds were adjusted In the RETRAN model to achleve a 10
percent reduction In scram reactivity during the pertinent part of the
GLRWOB translient (l.e., before peak heat flux Is reached). The results of

the RETRAN analysis, Indicate a moderate Increase !n'peak poﬁer, heat f]ux,

dome pressure, and RCPR for the 10-percent decrease In scram reactivity,

'7.1.1.3 Doppler Reactlivity

The Doppler reactivity calculations by TVA's LKTTICé program were
comparéd to Hellstrand's expérlmenfal resonance [ntegral data for U-238

(references 7-6 and 7-7). A normalization factor of 1.12 (applied In the

3-D simulator) was found to give excellent agreement between LATTICE and
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the Hellstrand data.” The uncertalnty iIn the Doppler reactivity was
determined by examining the quoted uncertalnties in +the Hel I strand
correlation parameters (I, and B ) which are estimated to contribute

9-percent uncertalnty to the Doppler reactivity. The uncertainty In the

calculation of the average lIncrease In fuel pin temperature during a

pressurization transient was estimated to be less than 4 percent ylelding a .

combined Dopp[er reactivity uncertalnty of 10 percent.

The base case RETRAN cross section flle was modified to obfalﬂ a 10~
percent reduction in the Doppler coefficient of reactivity. The modified
cross section flie was then utilized to perform the GLRWOB analyslis. As
shown by the results In table 7-1, a 10-percent reduction in Doppler
coeffliclient produces a slightly more severe fraﬁslenf but its effect Is

small relative to the vold and scram reactivity uncertainties.

7.1.1.4 Prompt Moderator Heatling
In the RETRAN model for Browns Ferry, the fraction of power deposited

directly In the moderator decreases approximately linearly wlth water
density. For the water denslfy_dlsfrlbufion initially present for the base
case the coﬁe’average fractlion of power deposited promptly In the moderator
was 0.019. Based on reference 7-8, the uncertalnty In the prompt heating
was assumed to be 25 percent and this reduction was made uniformly as a
function of water density. The RETRAN calculatlons with -a 25-percent
reducflon in prompt heating ylelded Increases of 10~-percent NBR lnlpeak

povwer, 1.3-percent NBR in peak heat flux, 1.5 psl In peak dome pressure,

and 0.007 In RCPR.

7.1.2 Core Thermal-Hydraulics Modeling

A range of core thermal-hydraulic ﬁodéllng sensitivities was

bl

Investigated Including nodalization, Irreversible pressure loss magnitude-
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and distribution, core Bypass flow modelIng and magnitude, effect of slip
and subcooled volds, fuel channel conductor modeling, and fuel pin modeling

and properties.

7.1.2.1 Euel Pin Modeling

A 50-percent Incre?se In radlal nodalizatlon (from 10 to 15 nodes In
pellet and from 4 to 6 in clad) was made In the fuel rod conductors to
verlf?'fha+ the base model noding Is adequate. Only very minor d}fferences
from the base model were observed for the Increaseq noding Indicating that
the base case nédlng Is édequafe.

The core-average fuel. rod gap conductance used in the |lcensing basis
model Is set conservatively low and Is specifled as uniform axlally and*
céns+an+ during the transient which further Increases the conservatism. To
assess ‘the amount of conservatism in the gap conductance modelling, a run
was made wlfh!gap conductance In;reased. I+ was estimated that a 25-
percent Increase would be apﬁroxlmafely equivalent to a best-estimate value
and the effects of the expected axlal and time variation In gap
conducfanée. Besf—ésflmafe gap conductance model Ing Qas found to decrease
the peak power by 11-percent NBR, Increase peak core average_hea+ flux by
1.55-percent NBR, decrease peak dome pressure By 1.5 psi and éeduce RCPR
by 0.015. Thyé the | lcensing bésls model Ing .of gap conductance ylelds a
slgnlficanf conservative bias in thermal |imits. i

The uncertaintles in UOp and Zircaloy properties (conductivity and
speclfic heat) were estimated +o bg approximately 5 percent. The
properfle; aska function of temperature were changed 5 percent each in the
élrechén required 19 Increase the fuel rod time constant (reduced
conductivity and Increased heat capacity). As sho&n In table 7-1, the

change In transient results with the modified fuel properties Is less than
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the estimated conservative bias In fuel rod gap conductance modeling.
Therefore the overall llcensing basis fuel rod model has a conservative

bias and no additional uncertainty penalfy'ls approprlate.

7.1.2.2 Core Pressure Drop

The uncertalnty In the core pressure drop is estimated to be less than
1.5 psi at design condltions. Increasing the core pressure drop by 1.5 psi
resulted in small increases (sllghtly more severe) In all quan+|+le§. I+
should be noted that changes in core pressure drop cannot be made without a
corresponding change In the driving head. In thls study the core pressure

drop decrease was balanced by reducing the frictional pressure losses In

. the Jet pump diffuser. Alternate approaches would be to modify the head

produced by the recirculation system. However, the uncertainties in pump
head and operating point are considered separately in this sfudy.

The dlsfflbuflon of pressure losses befween[core intet, internal, and
exit areaé for the Browns Ferry RETRAN model was developed to provlde
agreement with a program which performs detalled core thermal-hydraulic
calculations based on emplrlcal"models verifled ;gainsf measured data. .To
assess the effect of uncertalnties In the distribution of the pressure
losses, +the core Inlet pressure loss was reduced 5 percent with a
corresponding Increase In 4he core exlt loss. The redistribution of

pressure losses between core Inlet and exit produced a slightly more severe

re§u|+ for the GLRWOB event (RCPR Increased 0.002).

7.1.2.3 Core and Core Bypass Modeling
The adequacy of using twelve active core volumes and fuel rod

conductors to provide water density and fuel temperature feedback to the
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nuclear model was assessed by subdividing the noding to obtaln 24 active
sections. The change In GLRWOB transient key results were small for the
lncrgased noding Indlcating +ha+,+h9 base model core noding is adequate..

The uncertalnty in the Inltial core bypass flow fraction was
conservatively estimated to be less than 20 percent. The Initial bypass
flow was reduced by 20 percent which resulted In a slightly more severe
translent but the overall effec+ was small.

The base model utilizes two bypass paths. One path (junction 101) is
between the vessel lower plenumwand core bypass volume such that the flﬁw
Is proportional to the pre%ure difference across the core support plate.

The second path (junction 109) Is between the unheated core Inlet section

. and the bypass volume such that the flow Is proportional to the fuel

channel wall pressure differentlial. The effecf.of‘fhe bypass Junction 109
on the system response was evaluated by lnl+lallztng a deck with Jjunction
10§ removed and the flow at junction 101 Increased to malntain the inltlal
bypass flow fraction. Utilizing this deck for the GLRyOB +ranélen+ showed
that removal of Junction 109 significantly reduced the severity of the,
evenf.“ The reason for the sensitivity was traced to differences In the
écflve core Inlet %Iow (junction 1). The flow through junction 109 rapidly
decreases during the Initial pressurization forcing the active core inlet
flow higher than occurs If jJjunction 109 Is removed. The higher ac+lv; coré
Inlet flow augments the vold collapse caused by the pressure Increase
further Increasing the positive vold reactivity lInsertion and producing 5
more severe transient +than occurs without Junc%loﬁ 109. A portion of the
bypass flow in the operating reactor [s dependent upon the fuel channel
wall pressure dlfferenf!al;'however, the amount varles signiflcantly from

bundle to bundle depending upon the 'bundle power.. An average power channel

pre§sure dlfferenf]al as used In the RETRAN model overestimates the
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reductlion In bypass flow fraction for a préssufe Increase relative to that
which would be obtalned from a mﬁlfl-channe{ model with a distribution of
bundle power. Therefore, part of the dlfference observed yhen Juncf[on
109 Is removéd represents a conservative blas In_the RETRAN model.

A ;fngle lumped conductor (912) represents the fuel channels of all
764 bundles In the core preserving the total surface area, chénnel vol ume,
and thickness. Conductor 912 Is bounded by the lumped bypass volume on oﬁe
;lde and a mid-core volume (12) on the other. During a pressure Inéfease
’+he thermal equllibrium pssumpfion In RETﬁAN-OZ causes the coolant
‘femperafure to Increase resulting In heat being transferred Into conductor
512 and stored. Since this heaf‘ls not avallable to produce volds the
séverlfy of the power rise Is Increased. To examine the éffecf.of the
sfmpllfled fuel channel conductor model ing, "a deck was created with the
core bypass volume subdivided Into an axlal'sféck of 12 volumes with 12
channél wall conductors each assoclated with a bypass volume on one side
and the correspondlng active core volume on the ofhe; slde. The resulfs of
the GLRWOB transient with the more detailed fuel, channel conducfor modellng
- Were slgnlflcanfly less severe fhan the base model resulfs. In fact the
qe+al|ed conductor model resulfs were comparable to those obtalned by
eliminating conductor 912 from the base model. Thus the simplified fuel
channel ' conductor modeling quroduces a conservaflve‘ blés ;Iﬁfo ‘the
I icensing basls model. ’
7.1,2.4 jﬂzLd;Mddgls

The RETRAN "Algebralc Sllp" option is employed ln the TVA model. This
option Is a drift flux model developed by EPRI (reference 7-9). To assess
the effecfs of uncertaintles In drlf+ flux paramefers on translent results

an analysls was pe}formed without slip between the |liquid and vapor phases

.
s
0 w
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using the RETRAN homogeneous equfllbflum model (HEM) as a bounding -
assumption. The HEM assumption was also used In making the transformation
befweenKS-D.and 1-D modej-wafer denslfles for producing the 1:5 cross
sectlon %lle. The results of fhe GLRWOB event utillizing the HEM assumption
resulted In a much lower (115-percen+ NBR) peak power but no signiflicant
change Jn pgak heat flux. The peak dome pressure increased 4.4 psl and
RCPR was .Increased by 0.009, represenfing‘rone of +the larger : model
uncertalinties.

Since RéTRAN—OZ assumes thermal equlllbrium between the vapor and
liquid 'phases (except In special separated volumes utillzing a
nonequll ibrium model), subccoled volds are not directly treated. However,
‘a profile flt subcooled vold model developed by EPRI (reference 7-10) Is
used to determine the .wafer densitles for evaluating the 1-D cross
sec+}ons. The effects of uncertalntles In the subcooled vold model were
evaluated by performing an analysis without the proflle fit model (I.e:,
densities were taken directly from RETRAN's +hefmal-hydraullc sqluflon for
évaluflng‘fhe'cross sections). Since the uncerfalnfy In subcooled volds is
‘estimated to be less than 30 percent the resulting changes from the base
case ‘were decreaéedk by multiplying by a 0.3 factor. The 30-percent
reduction In sﬁbcooled volds significantly increases all the key quaﬂflfles

listed in table 7-1,

-7.1.3 ‘Reclrculation Svstem Model

Incertainties In operating conditlons assoclated with +the
recirculation pump, Ioop piping, Jet pumps, and steam separators were
estimated. The effects of the uncertaintles and some model Ing assumpflons

on the GLRHOB even+ were evaluated wlfh sensitivity studles.




280

7.1.3.1 Reclrculation Loop

The pressure hgad produced by ‘the reclrculation pump operating at
flcenslng basis condltions was reduced by 10 percent. A éompensaflng
reduction in the reclrculation loop frictional pressure loss Qas made so

.that the jJet pump operating polnt was not changed. The reduction In
recirculation pump head caused each of the four key quantities In table 7-1
to be slightly more severe.

To account for the uncertainty In the effective fluld Inertia In the
recirculation loop the Inertia for volumes 200, 220, and 240 was doubled
and the assoclated Junction Inertlas determined. Doubl ing the
recirculation loop fluld Inertias proqyced a moderate Increase In translent

severlty.

7.1.3.2 et Pump Model 7

The sensitivity éf mode! results to uncertalntles In -l'hé effective
fluid Inertia assoclated with the Jel pumps was establ Ished by doubling the
base case value of Jé+ pump Inertia. The Increased Inertia caused a 60.9-
percent NBR decrease In peak poyer, 2.1-percent NBR decrease In peak c;re
average heat flux, a 0.9 psl Increase In peak dome pressure, and an
Increase of 0.005 In RCPR. The reduced peak power and heat flux are caused
by a reduction in the maximum core Inlet flow during the Initial
pressurization. The decreased Inlet flow also offsets the decreased heat
flux and lIncreases the value of RCPR. ’

The effects of uncertaintles in the Initial operating point of *he Jet
pumps were evaluated by Increasing (separately) the Initial M ratio by 7
percent, the Initial N ratio by 10 percent, and the jet pump head by 10
percent. These changes were accompllished by changing the lrreverslble‘

pressure loss coefficlents at Junctions 181, 240, and 260. The lncrease In
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M ratlo produced moderately more severe results for all of the key
quantities.- Increasing the Jjet pump head produced only siightly more

severe results while the N ratlo change had no appreciable effécf.

<

7.1.3.3 Steam Separator Model

The effect of +the steam carryunder fractlon from the separators (0.2

]

percent In -base model) was examlned by decreasing the core inlet enthalpy

to allow lnlflalléafion for zero carryunder. Initialization for zero steam
éarryunder was a minor perfurbation and did not signiflcantly affect ‘any
key result. A simillarly lInsignificant change occurred when the inltial
Ilquldllnvenfory In the steam separators was decreased by 25 percent,

in the licensing basls model the fluld‘lnefflé for the 1llqulid eglf
path (junction 141) was changed' to the value obtained by dividing the
separafor heiéhf by +hg cross sectional flow area. When +hé inertla of .

Junction 141 Is doubled only sllight Increases In peak power and RCPR are

. observed. As described In‘section 6.1.5 the effective fluld Inertia of the.

steam separators from vendor test data Is applied at the separaforrlnlgf‘
Junction (125) In the llcensing basis model. In the "best esflma%e"
modéllng used for comparison to measured transient data In chapters 3 and 4
the test d;fa sepéra+or inertia was divided between junctions 125 and 141,
The conservatism In the [lcensing basls modeling wag assessed_by coﬁbarlqg

the base case to the results with the Inertla divided equally befween‘fhei

_ separator lﬁie+ and exit. . The best estimate separator Inertla modellngr

produced large‘reducflohs In peak power (95-percen+,NBR) and heat flux (2.5~
percent NBR) but only small reductions In peak pressure (0.3 psi) and RCPR
(0.002).
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The pressure drop aciross the steam separator in the TVA RETRAN model

is Inltlalized o a value determined by the Inlet quality and flow rate

using an equation developed from manufacturer's teststand results and shown .

to yleld conserva+lvely high values. The sensitivity of GLRWOB translent
results to the separator pressure drop was assessed by decreasing the value
In the base model by 0.5 psi. The 0.5 psl reduction In separator pressure
drop slightly reduced the severlty of the event.

The Browns Ferry. model utillzes the RETRAN separator model with the
state property solution which does not assume +hermal.equlllbrlum between
the Vapor and |iquid phases ("nonequillbrium separafo?" modei). RETRAN-02
. also has avallable an equl |l ibrium separator model which doeg assume thermal
equllibrfum In +the state property solution. The magnitude of the
nonequll ibrium effects In the separator was tested by runnfng a GLRWOB
+ranslen+Aufillzlng the equillibrium separator ﬁodel. Usq of the

equll Ibrium separator reduced the severity of the translent as expected.

7.1.4 Vessel and Steam Line Nodes

The sections below prbsepfhfhe sensitlvity studles performed on the
vessel nodes (primarily In the, dome and downcomer) and maln steam Ilne
representations. Most of the sensitivity studies relate to uncertalnties
In geomefrlé data (volumes, areas, and Inertlas). Since "Yas bullt"
drawings were employed In geomef;Ic data calculations the uncertainties are
~small. One contributor to the geometric data uncertainty Is due to the
need to base areas on the "“stream tube" area In one-dimenslional

thermal~hydraul lc codes such as RETRAN.

7.1.4.1 Yessel Nodes
The fluid Inertia for vessef downcomer and lower plenum volumes (100,

180, and 190) Is low due to the large flow area In relation to flow length.
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The Inertia of these volumes Is not expected to signiflicantly affect the
transient results and this was conflirmed by lnpreaslng the Inertia by 20
percent for these volumes. The uncertalnty In the base model volume for
the vessel steam dome (170) and upper downcomer (1665 was estimated 1o be 5
percent.  Decreasing these volumes by 5 percent produced more severe
+ran$len+ results for the GLRWOB as expected. The éffecf of the reduction
for volume 160 was sllghf’buf a 5-percent reduction for volume 170 produced

signiflcant (ﬁcreases In peak power and RCPR.

7.1.4.2 Steam L ine Model

Uncertalntlies In sfeah IIne geometric data were lnvesfléafed by

.'unlformly reducing the avallable fluld volume and flow area In the steam

Ilne by 5 percent. Each of the reductions caused slightly more severe
results for the GLRWOB. A uniform 7-percent Increase In the steam !ine
fluid lnerfla caused modest Increases In peak power, heat flux,'iand
pressdre but resulted In a substantial (0.009) Increase In RCPR. Thé

Increased steam |lne Inertla causes a longer period and higher amplitude.

;prGSSUre wave in the steam line. This has the effect of delaylng the core

pressuflzafloq but making 1+ faster and more severe.

‘Tﬁe steam llﬁe form loss coefficients In the Brown; Ferry RETRAN model
were qévelopéd to provldé a pressure drop between the vqssel steam dome
(170) and last s+eam line volume (340) which provides good agreement wlith
measured data. Tﬂe comparisons to pump trip translents presehfed In
chapter 3 Indlcate that excellent agreement Is obtalned and Indicate a
uncerfalnfy of less than 10 pércen+. The steam l|lIne loss coefflclents were

changed unlformly to lower the pressure drop by 10 percent and the GLRWOB

transient was reanalyzed. The lower steam |lne pressure drop results In a
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slightly greater pressurliaflon rate In the core and produces more severe
transient results as shown In fable 7-1, '

In the licensing basis model, the relief valve opening delay and
stroke time are speciflied at maximum speclflicatlion valqéé (slower than
expected). Also the capaclity Is set In compliance with +h§ ASME rating
which Is less than the e;pecfed values, and the setpoints are Ingreased by
1 percent over thelr nominal values to account for calibration un;erfalhfy

and drift. The |llcensing baslis modelling of rellef valves produces a
conservaflvgly high estimate of peak vessel pressure. However, when the
'RETRAN merl was u+lllzed_wl+h nominal modellng of +the ref!ef_valves the
calculated value of RCPR Increased for the GLRWOB event. The primary
cause of the Increase In RCPR was tfraced to the ear]ler opening of the
relief valves, When the rellef valve Initially opens there is a momentary
increase In the local flow rate near the exlt of the core. This
acceleration lasts for only a few tenths of a second but tends to decrease
the CPR value. The nomlnal rellef valve modsl Ing causés this temporary
decreaée in CPR to reinforce the minimum CPR calculated due to longer term
heat flux and core flow trends. Because of the brevity of the CPR decrease
caused by the inltial relief valve opening, It would not be assoclated with
any fuel damage even if inclplent bolling transition Is calculated with a
;sfeady—éfafe correlafion. Sche several conservative blases In the
licensing basls model have Leen identified which combined are of
substantially greater magnltude than the rellef valve opéning effect, no
penalty of «addlflonal uncerfa}nfy to the licensing bas[s results Is
warranted. '

The maln steam |ines for the Browns Ferry units are approximately 260

£

feet long between the vessel and stop/control valves. In the model the
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steam |lnes are divided Info six volumes. In order to determine 1f the
base model noding of the steam |ine Is adequate, a model with. 11 approxi--

mately equal length volumes was developed. The results of the GLRWOB

" translent with the 11-node steam llne were slightly less severe than the

base model but no significant dlfferences were observed.

7.1.5 Miscellaneous Sensitivity Results

Several sensitivity runs were performed to assess the degree of
conservatism ln‘llcenslng baslis lnbufs for scram solenoid delay, turbine
con+r§l‘ valve closureA +ime, reclirculation pump +rip delay, and
recquulaflon‘ pump coastdown rate. The conservatism due to *he raplid
closure ‘of the control valve relative to the expected rate s substantial
and the combined conservatism Iin RCPR of 'fh;sé quantities alone Is
approxlbafely 0.014. The amount of conservatism In the use of 105-percent
NBR steam flow Instead of the nominal 100 percent was evaluated In addition
to the dlfference between using nominal measured scram speeds and technlical
speclflcéfloﬁ conformange ilml* speeds.

The llicensing basls deck‘ls Initiallized for the maxlﬁum'capablllfy
final feedwater enthalpy. To demonstrate the conservatism In utillizing the
maglmum feedwater enthalpy a dgck was Initialized for 165-percen+ NBR steam °
flow but Qlfh the feedwater enthalpy reduced. The éenslflvlfy resulfé In
table 7-ljare‘for a redué}lon In enthalpy of 20 Btu/lb which is sufficlent
fo account for uncertalnties In the feedwater enthalpy and +he'ef}ec+ of

“operatlon with a feedwafef heater steam extraction 1|ine vélved out. As
_expected the reduced feedwater enthal py resul%s In a milder transient
demonstrating the conservatism lq using the maximum teedwater enthalpy

for the GLRWOB transient.
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The effect of opéraﬂon at reduced éor‘e power and flow oh the GLRWOB ‘
fqanslenf was Investigated by 'Initiating the event frém Inltlal conditlons
determined by reducing the recirculation pumps speed to obtain a load |ine-
point at approximately 71-percent core flow. All key GLRWOB transient
results were less severe for the load line reduced power and flow case as

Indicated in table 7-1,

7.2 EWCE Sensitivity Studles
A summary of the sensitivity studies performed for the FWCF to maximum .

demand event Is presented In table 7-2, The list of studles presented for

the FWCF Is not as extenslve as for the GLRWOB event since the effect of

most of the perturbations for the GLRWOB can be conservatively applied for

the FWCF. A represeafaflve set of perturbed case results is presented for

“the FWCF transient and the perturbations were made In the same manner as .
described for the GLRWOB event. Additional studies were performed on the

FWCF transient for models and Input which uniquely affect the FWCF.

7.2.1 Nuclear Model | ,

As for the GLRWOB +transient, the major uncertainty ‘confrlbuflons
result from the assumed 13~-percent uncertalnty In vold coeffictent and 10-
percent uncertalnty In scram reactivity., Due to the less severe pressuri-
zation for the FWCF qyenf, the sensitivity of the key results Is approxi-
mately one-half as ]arge as' obtained for the GLRWOB. The FWCF transient

reshlfs'were found :to be Insensitive to the 25-percent reducfion In prompt

moderator heating.

7.2.2 Core Thermal=-Hydraulics Modeling
The lower power Increase for the FWCF event lessened the sensitivity .

to fuel rod gap conductance relative to the GLRWOB +transient. In fact,
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Table 7-2

Key Results of Sensitivity. Studies for FWCF Transient -

~ aAQ Aq - APysp
% NBR) {% NBR) psi) ARCPR
Void coefficlient 13% more negative + 44.1 + 2.1 - 0.8 + 0.015
-Scram reactivity reduced 10% + 8.8 + 0.79 + 1.6 + 0.006
Prompt moderator heating reduced 25% - - 0.1 + 0,58 + 0.3 0.000
Fuel rod gap conductance Increased 25% - 3.7 + 0.33 - 0.5 ‘= 0.004
Reduce Inltial core bypass flow by 20% - 4.8 - 0.28 - 0.5 - 0.002
El Iminate core bypass flow junction 109 - 18.8 - 1.00 - 1.0 - 0.008
Remove all passive conductors - 14,1 - 0.99 + 1.2 - 0.006
Use HEM in thermal-hydraulic solution - 40.1 - 1.93 + 2,3 -~ 0.009
-Reduce subcooled voids by 30% + 25.8 + 1.15 - 0.2 + 0.008
Jet pump M ratio increased 7% + 7.6 + 0.54 + 0.4 0.000
Jet pump head reduced 10% - 1.0 - 0.06 - 0.1 + 0.001
Increase steam |ine Inertia by 7% ) + 3.0 +. 0,16 - 0.1 - 0.001
Reduce steam |ine pressure drop by 10% ' + 11.3 + 0,51 - 2.8 + 0.005
Nominal relief valve opening delay 0.0 0.00 - 10.4° 0.000
Increase rated turbine bypass capacity 10% 9.1 - 0.53 + 0.1 - 0.003
Nominal bypass’ servo time constants - 37.2 - 2.03 - 0.3 - 0.023

Miscel [aneous

Nominal RPT delay - 6.9 - 0.44 - 0.5 - 0.001
Decrease maximum FW runout by 5% NBR 4+ 3,7 - 0.28 - 0.1 - 0.001
Initial 1zed for 100 NBR steam flow - 19.1 - 5.58 - 5.8 + 0.002
Nominal measured scram speed ~ 45.7 - 2.65 - 6.4 - 0.014
Final feedwater enthalpy reduced 20 Btu/Ib + 11.2 + 3.38 + 1.3 + 0.004

Initiated on load |ine at reduced flow (approx. 71% rated) - 86.5 = 28.7 - 26,7

-= 0.004

perturbed case peak power’ (% NBR)‘minus base case value

;AQ

Aq = perturbed case peak core average heat flux ($ NBR) minus base case value
&Pysp = perturbed case peak vessel dome pressure (psia) minus base case value B
ARCPR = perturbed case CPR/ICPR minus base case value

L82
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lower sensitivities to all perturbations to core thermal-hydraulic models
were exhlbljed for the FWCF event. In general, the direction of change in
a result caused bf a gliven model perturbation was the same for FWCF and
GLRWOB; however, due to differences In timing of varlous phenomena, the
reduction of core bypass flow by 20 percent and the use of the HEM thermal-
hyéraulic solutlon resulted In less severe values of RCPR for the FWCF
while both caused more severe results for the GLRWOB transient. The major
uncertalnty component from cor; thermal-hydraul ics model of the FWCF event

(as for the GLRWOB) arose from the 30-percent reduction in subcooled voids.

7.2.3 Recirculation System Model

The 7 percent Increase In jet pump M ratlio slightly increased the peak
values of power, heat flux, and vessel pressure but by significantly
smaller amounts than for the GLRWOB transient. The value of RCPR was not
-appreciably affected by -the M ratlio change. A 10-percent reduction In jet
pump "head caused very sllightly less severe results for all key results

except RCPR which Increased by an Insigniflicant amount (0.,001).

»

7.2.4 Steam Line Modellng

Increasing the steam line inertia by 7 percent had ;n Insignlflcant
effect on computed fransient results for the FWCF., The Importance of the
timing. of varlous phenomena Is demonstrated by the fact that two key
results were slightly more severe and two less severe for the FWCF but all
four were more severe for the 9LRWOB transient wlith Increased steam |[Ine
lﬁér+la.

The change In‘resulfs caused by decreasing the steam |lne pressure

drop was of comparable magnitude to that shown by the GLRWOB with RCPR

s
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[ncreasfng By 0.005. The use of a best-estimate reilef valve opening delay
reducéd the maxlmumupressure by 10 psl but did not affect power, heat flux, .
or RCPR. This [s in contrast to the nomlnal relief valve modellng‘resuITS
for TQe GLRWOB frans!enf where the timing of the valve opening was such
that RCPR was Influenced for a short time. \

Additional sensitivity studies were performed for the FWCF event +to
assess sensitlvity to turbine bypass modeling. A 10-percent Increase
H(2.62-percen+ NBR steam flow) lln rated turbine bypass “flow cabablllfy
.produced a modest decreasg in all key results. The use of nomlnal.furblne
bypass servo delays énd time cohstants greatly reduced the vajue of RCPR
relative to the base ‘ca;e using llicensing baslis (upper Ilimit) +ime

constants.

7.2,5 Miscellaneous
Only alnor changes In key results occurred for the FWCF event when a

nominal reclirculation pump frlp delay was utillized or when +h§ max Imum
runout capability of .the feedwater pumps was decreased by 5-percent NBwao>
The'nomlnalﬂyalue:

“‘TE; use of nomlnal measurea‘scram speeds‘résuifs In a large decrease
In severity of the FHWCF eveq; .as expected. The. reduction In fln;l
feédwa+er enfbalpy proauces a slightly more severe %ranslenf than the
llcenslnngasls result initiated from maxImum feedwater enthalpy because
the ' same Increagé in feedwafer‘ flow following the controller fallure
results In argrea+er“lncqease.ln core Inlet éubcéolfng. The Inlffé?ion of
the FWCF event from reduced power may also result In é slightly more severe

transient since the amount  of Increase In feedwater flow to maximum runout

Is largeEL The " larger reduction In core inlet subcooling for a greater

.
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feedwater flow Increase may be sufficlient to overcome the less severe
pressurization rate from reduced power yleldlhg a sllgﬁfly larger vélue of
RCPR.  For the base case used In these studies (Browns Ferry unit 3 EOC5);
hbwever, this effect was not suffliclent to yleld a net Increase in RCPR.
For core flows less than 75 percent of rated the opqraTlng limit CPR Is
always Increased -by multiplying by the K¢ factor in the unit technical
speélflcafloqs. Tﬂe K{ multipller Is computed to provl&e protection for
a slow pump runout transient and the Increase in operating 5llml+ CPR

required by the K¢ multiplier Is slbnlflcanfly larger than The FWCF event
" would-necessitate. ' )
i T& account for any potential nonconservatism iﬁ the Ilcenslﬂg basis
: FWCF analysls from 105-percent steam flow and maximum feedwater enfhalby, a
0.03 adder is appllied to the RETRAN resul+§ for the FWCF event as indlcated
in table 6-4, The 0.03 adder Is farger +han any potential nonconservatisms
arising from reduced feedwater enthalpy or reduced power operations not

covered. by the K¢ multipller.

L4

7.3 MSIVC Sensitivity Studles
‘ Since maln steam lIsolation valvé closure with indlrect scram on high
power Is not a transient expected to occur during the Iife 6f a plant It is
not analyzed for meeting the safety-limit+ CPR and no RCPR sensitivity
results wiltll be presénfed. The. primary purpose of the MSIVC evénf Is to .
demonstrate compliance with the 1375 psig 1imit on maxImum vessel pressure,
therefore the éélmary seﬁsiflvlfx result Is the change in peak vessel |ower

plenum pressﬁre.
A suﬁmary of a representative sample of the sensitivity studles

performed for the MSIVC event Is shown In table 7-3. The manner In which




' . Table 7-. . Q

Key Results of Sensitivity Studies for MSIVC (Flux Scram) Event

AQ Aq . A'PVLP
% NBR) L% NBR)

Void coefficient 13% more negative + 22.0 + 1,05 + 2.4
Scram reactivity reduced 10% . . + 17,7 +1.14 + 3.4
Doppler coefficient reduced 10% ] + 13,6 + 0.75 + 1.3
Prompt moderator heating reduced 25% ' + 31.7 + 2.64 + 1.9
Fuel rod gap conductance Increased 25% - 48.7 + 0.18 - 2.0
Reduce: initial core bypass flow by 20% + 5.4 + 0.59 + 0.6
El Iminate core bypass flow junction 109 ] - 14,1 - 0.57 - 0.6
‘Remove all passive conductors ' -~ 45,7 - 2,43 + 2.0
Use HEM in thermal-hydraul ic solution + 55.2 + 4,85 + 10.3
Reduce -subcooled volds by 30% . + 35.6 +1.24 + 1.5
- Double recirc loop fluld Inertia - 2,2 - 0.06 + 0.2
Jet pump M ratio Increased 7% ©+ 29,2 + 1,56 + 2.0
Inreased M-G inertias by 25% + 0.1 + 0,01 + 0.2
Reduce steam |ine volume 5% . . + 5.6 + 0.21 + 0.1
Increase steam line Inertia by 7% ~ . - 4.3 + 0.04 - 0.6
Nominal relief valve capacity ] 0.0 0.00 - 10.8
Reduce FW flow pressure correction by 33% + t.4 » +0,12 + 2.0
Initial ized for 100§-NBR steam flow ’ - 45.8 - 7.53 - 14.5
Nominal measure scram speed - 64.8 . - 4,31 - 13.7

perturbed case peak power (§ NBR) minus base case value
perturbed case peak core ‘average heat flux (% NBR) minus base case value
perturbed case peak vessel Iower plenum pressure (psia) minus base case value :

>
0
tnn
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the model perturbations were ln‘l:rhqduced Is the same as wés descrlbed .for ‘
the GPRWOB transient. The major effects on peak pressure were found to be
due to the scram reactivity and slip (HEM) uncertainties. However, the
combined uncertainty of the nonconservative gomponenfs was only 12 psi
which Is of comparable magnitude to the conservatism In the rellef valve
cabaclfy‘qsed in the llcensing basls model ing and less than the
conservatism due 1o the use of upper limit technical spec]flcafion scram
speeds. An additional large conservatism (not quantified in this study) Is
due to the assumed1MSI{ é]osure characteristics which was very nonl inear
allowing the flow area to be reduced by 99lpercen+ after 1.7 seconds and
the valves.to be fully closed in the minimum technlcal specification time

of 3 seconds.
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8. ALLOWANCES FOR MODEL UNCERTAINTIES

fhe procedure to be emplcoyed by TVA in defermlnfng updates to unit
technical speciflcatlons relating to the operating ’tmlf CPR for
pressurization transients will be consistent wlth the approachlpflllzed In
current technical spe;lflcaflons for the Browns Ferry units. ‘The "deter-
ministic" value of AC?R (or RCPR) from the RETRAN model for the GLRWOB and
FWCF events with |lcensing basls Inputs (as described In éhapfer 6) will be
corrected to values which yleld 95-percent probability with 95-percent
confldence (95/95) that the safety-1imit CPR (1.07) will not be violated by
the event if Initiated at or above the operating !imit CPR determined by
adding the adjusted ACPR to the safety limit. Two separate methods are
utillzed for determining the adjustment to the deterministic ACPRs. These
methods (referred to as Yoption A" and "op+lon'B") will be described in the
.sections to foilow and the manner in whlch; they wlll be employed In

updating the unit technical specifications described.

8.1 Qptlon A Operating Limit MCPR

The option A -approach takes no credit for the large conservatisms In
the |lcensing basis models and lqufs which were demonstrated In chapter 7.
" The uncertalinty in transient RCP? as computed by the model'ls’defermlned
based dn the sensitivity studies. The sensitivity study compﬁnenfs in
table 7-1 Indicated by an asterisk (¥) In the last column are considered
appllicable tn setting fﬁe model uncertalnty. Table 8-1 shows the comblned
uncertainty for each major model component (in terms of RCPR) and 'fhe

overall model wuncertalnty. Since upper Iimit component and equipment
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uncertalinties were utillzed In the sensitivity studies It 1s reasonable to
equate the 0.04I‘RCPR uncertalnty as belng én upper!bound or 95/95‘Ievel.
The approach utilized In applying the option A uncertalnty Is shown by
equéflon 8-1. '

Option A OLMCPR = 1.041 * (SLCPR + ACPR) ‘ (8-1)
Where SLCPR Is the safety-limit CPR value of 1.07Jand ACPR Is the deter—
ministic value calculated by the RETRAN model for él+her-+he FWCF or GLRWCB -
+ransfénf.‘ Application of equation 8-1 to the RETRAN model deterministic
ACPR values from table 6~4 results in operating limit MCPR values of 1.34
and 1.29 for the GLRWOB and FWCF events, respecflveiy.

Table 8-1

Components in Browns Ferry RETRAN Model Uncertalnty

Uncertalnty
.Cﬂmm | —1n RCPR .
Nuclear Model - 0,033
Core Thermal-Hydraul ics QOdellng 0.0}6‘
Reclrculétlon Sysfeh Model . 0.013

_Vessgl énd Steam Line Nodés o 0.013
K Combined uncertainty - 0.041
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8.2 Qption B Operating Limit MCPR )

The option A operating limit MCPR Is very conservative in that no
credit is taken for conservatisms Inherent in the licensing basls analyses
Including the significant .conservatisms 1In +he use of +echnlcai
specification upaer limlts on average control rod motion fo!lowlng scram
and the use of 1@5-percen+ NBR initial sféam f[ow. The conservafisms are
compounded by the use of a model uncer+aln+y penalty fo the operaflng limit
CPR. The option B method  Is an approach +o reduce the unwarranted
‘consérvaflsm Introduced by compounding the uncertainties. The option B
approach ufll!zes the csnservaflsm Inherent In the sfaflsflcél variation of
"expecfed‘operaflng‘céndlflons (for inltlal steam flow and scram speed) from
the Ilﬁlflng conditjons assumed In licensing basis calculations +to
compénsa+e for potential nonconservatisms resulting from uncertainty Iin
model predictions. Statistical convolution of Initial steam flow and scram
épeed uncertainties with the model uncertainty was employed to determine
statistical adjustment factors (SAFs) to the deterministic llcenslné‘basls
RCPR value which maintaln a 95-percent probability (at 95-percent
confldence level) that the safefy-llmlf CPR will not be violated for +he
lmiting pressurization +ransienfs. The statistical adjustment fac*or
determination will be based on the Browns Ferry unit 3 proJecfed cycle 5
condlflons but this cycle Is representative of expected operation for all
three Browns Ferry units and the SAFs are generically applicable to future

operating cycles at all three Browns Ferry units.

8.2.1 Statistical Process for Margin Evaluation

The obJective of the statistical evaluation Is development of +the

probabil ity distribution for RCPR given the statistical distribution of the

it

+
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0 - key Transient input variables. The probabliity distribution of RCPR Is
then utilized to obtain fﬁe value of RCPR which has 95-percent probabil ity
at 95-percent coqfldehce of not being exceede& by the operating. plant if
the limiting pressurlzafloh event occurs. The direct épproach to
developing the RCPR probabill%y distribution would be to_run trials with
the RETRAN model with the key inputs selected randomly from thelr
Gncer+ainfy distribution. However, the Monte Carlo approach requlres a
large number of trials to develop a precise probability distribution so
direct simulation of each +trlal with the RETRAN model is Impractical.
Instead a response surface Is constructed which predicts %he RETRAN model
calcuiaéed value of RCPR as a function of the value of the key Inputs, The |
response surféce Is developed by fl++lng modgl resulfs‘tp a polynomial
with the key transient Inputs as lnqependen+ variables. The advanfagé of \

. . the response surface Is"that far fewer model ’ca;lculaﬂons are required to
develbb an accurate response surface than +to directly develbp the

probability distribution on RCPR,

8.2.2 Model Response Surfaces

The response surfaces used In the analyses to be presented have the

* form shown In equation 8-2.

‘ " and the A} are fitting coefficlents unique to each response surface.

RCPR = (Ag + A*SF + A2*5F2}+AA3*SS + Ag¥SF*SS + A5*SS2 + URS)*URM  (8-2)
| where, T -
j SF = random-value of Inltial steam flow (§ NBR) minus the nomlnél value
1 SS =‘random value of time (seconds) to 20% scram'inserflon minus +h$\‘
| e nominal value
. URS = répdom responSe sugface fitting error
1 URM = random fractional unbeffalnfy in RETRAN model predictions
‘
|
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 In order to develop the fltting coefficlents (Aj) for the response
surfaces 17 RETRAN simulations were performed for each one. The procedure

used was an augmented variation of the factorlal design pfocess for three

" parameter levels (reference 8-1). Five values of each of the key 1nput

variables (steam flow anq scram speed) over the approximate range-of * 4.5
sfandafd deviations were utilized. A matrix of possible ;omblnaflons of
key Inputs for model calculations with these values is shown in table 8-2
with comblinations actually used denoted by an "X." The value of the ‘input
variable index is used fé denote the relative deviation of the vaflable
value from its expected o;.mean value.

‘The |7 cases defined by table 8-2 were run for the GLRWOB and FWCF
events at end of cycle (all control rods‘wlfhdrawn)'and for an earlier
point in the cycle for which some control rods were still lnl?lally"presenf
in ‘the core. Tables 8-3 and 8-4 show the comparison of fltted response
surface RCPR values to the RETRAN model calculation for the GLRWOB and FWCF
events, respectively. A§ standard least squares fltting +ecﬁnlque was
used and the low order (slgaconsfanf) equation resulted in very small
flTTlng errors. The 95-percent confidence level. (upper bound) esflmgfe of
the standard deviation of the fitting errors was determined by use of chi-
squared statistics. The réllabllliy of the response surface was also
tested by déveloplng the flitting constants utillizing only a portion of the
data and then comparing to Thé error obfélnlng using all 17 points. The
fitting coefflcients were not signlficantly affected and the standard

deviation of the fitting error was of a simllar size as obtalned when all

data points were used In the fit. The 95-percent confidence standard

deviation (with a zero mean) for the fit+ting error was employed to generate
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Table 8-2

. Matrix of ‘Response Surface Runs

Initial Steam Flow Index
x .
g |2 -1 0 +1 +2
= N
9 X X X
e
wm 1 X X X
g
5<: X X X X X
e~
?-+ X X X
H
ool X X X
& + »

X dndicates RETRAN model calculations performed




Table 8-3

Accuracy of'Respohse Surface for GLRWOB at End of Cycle

Observation

—No,

WOoONOMTHEWN—

Model
RCPR.

0.11350
0.12510
0.11750
0.10830
0.09790
0.16990
0.14500
0.08340
0.05590
0.18450
0.06430

- 0.15490

0.04960

0.15410

0.09140
0.13800

0.07690

L

aw,

Fit
* RCEB

0.11397
0.12485
0.11974
0.10755
0.10048
0.17192
0.14288
0.08525
0.05666
0.18640

. 0.06395

© 0.15483
0.04678
0.14954
0.09012
0.13556
0.07973

Average Difference
Standard Deviation
954 Confidence S.D.

Difference

~0.00047
0.00025
-0.00224
0.00075
-0.00258
~0.00202
0.00212
-0.00185
- =0,00076
~0.00190
0.00035
0.00007
. 0.00282
0.00456
0.00128
0.00244
~0.00283

0.00000
0.00214
0.00303
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Table 8-4

“Accuracy of Response Surface for FWCF at End of Cycle

Observation
—No,

VOSSN HWN-—

Model

RCPR.

0.09510
0.08810
0.09530
0.09530
0.09770
0.10940
0.10350
0.08420
0.07060
0.10460
0.06140
0.11050
0.07620
0.10320
0.08480

.0.10200

0.08600

Fit
RCPB

0.09549
0.08929
0.09293
0.09697
0.09737
0.10934
0.10373
0.08465
0.07117
0.10538
0.06273
0.10898
0.07528
0.10173
0.08153
0.10465 -
0.08668

Average Difference
Standard Devialtion
95% Confidence S.D.

Difference

~0.00039
-0.00119

. 0.00237 -

-0.00167
0.00033
0.00006

-0.00023

~0.00045
-0.00057
~0.00078
-0.00133
0.00152
0.00092
0.00147
0.00327
~0.00265
~-0.00068

-0.00000
0.00151
0.00214
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the values of the responge surface uncertainty (varlable URS in equation 8-
2) by selecting randomly from a normal distribution for each trial
evaluation of the response surface. Application of the W-test .(reference 8-
2) to the fitting errors showed no basl; +o,‘fejecf the assumption of
normallfy? ‘ ‘ .

The trial values of initial steam flow (variable SF in equation 8-2)
and time to 20-percent scram insertion (varlable SS) were also assumed to
be normally distributed. The mean Initial steam flow was 100-percenf NBR
with a ZJpercenf NBR standard deviation (reference 8-3)." The mean time to
20-percent control rod insertlon following scram solenoid. deenergization
was assumed to be 0.71 seconds with a standard deviation of 0.053 seconds.
These values are conservative relative to megsured data for Browns Ferry
and consistent with gpflon B scram‘fime conformance testing in current
Browns Ferry Technical Specifications (reference 8-4).

Two measures of +the uncertainty associated with pfealcflons of
fransien+mRCPR with the Browns Ferry RETRAN model are avallable.

Neglecting any conservative biases the sensitivity studies iIn chépfer 7

.

were employed to arrive at an estimated uncertainty in RCPR of 0.041 'in

section 8.1, Since the base valdé of RCPR for the GLRWOB transient is 0.17
the estimated model uncertalnty 52 standard deviations) ls-24 percent. A
second” measuré of the model uncertainty was obtalned by - comparing the
differences In RCPR between fhe;normallzed mode!l calculations and those
inferred from méasured data for +the Peach Bottom fu;biﬁe trip test

presented in table 4-12, Basedmon this comparison the model predlé}lons
conser#aflvely overestimated RCPR by an average of 6.6 percent with a
standard deviation of 2,6 percenf. Using the chi-squared test 1hese three
data points yleld a 95-percent confldence model uncertainty (2 ) of 23

percent, neglecting the conservative bias.
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Based on the comparisons to Peach Bottom *urbfhe trip test data and
- the sensitivity. study resulfs, the model uncertainty (URM variable in
eghaflon 8-2) was‘conservaflvely’assumed to be normally distributed with a m
mean of 1,0 and standard deviation of 0.125 (model uncerfalﬁty of 25

percent).

8.2.3 Statistical Adjustment Factors
The - fltted response surface equation (8-2) along with the uncertainty

QIsfrlbuflon f§r each of the four Input variables was evaluated for several
hundred thousand trials. Each +fla| selects a random value for each of the
four variables In accordance with thelr assumed uncertainty distribution,.
and equation 8-2 1s evaluated to obtain the corresponding RCPR value: The
maximum range of RCPR values was divided Into approxfmafely 100,000
lnfervéls to obtaln a resolution of RCPR better than !0‘4. A count was
kept of the number of +trials which resulted in an RCPR value In eag:h
Interval, thus generating a probability density functlon (PDF) for RCPR.

To oBfaln the RCPR value which is greater than 95 percen; of the’
trials +hé POF Is lﬁ?egrafed from the lowest Interval up fo the value at
which 95‘percen+ of the trials have been accumulated. In gehe}al,fo obfalb
the RCPR value for a pfescrlbed probabiiity (P) and one-sided confld;dce
interval (C) after N trials have been performed, the number of trials wh}ch

must be accumulafe& (n) by the Integration Is:

n = PN+ g(C) * [NP(1-P)]%* ’ (8-3)
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where g(C) Is 1.645 for C equal +o”9$ percent. Equation 8-3 Is based on
the normal dlsfrlbuf!on‘épproxlmaflon of a binominal distribution
{reference 8-5) and has been shown to be very accurate for large values of
N and C. 7

After Integrating the PDF up to a value éf RCPR such that n trials
have been accumulated, RCPR (95/95), fheillcenslng basis value of RCPR Is
subtracted from RCPR (95/95) to obtaln the sfafl;flcal adjustment factor.
Table 8-5 shows the resulfing SAFs for the GLRWOB and FWCF events of EQC

and for a point with initial confrol rod insertion (MOC).

Table 8=5

Values of Statistical Adjustment Factors for Browns Ferry RETRAN Model

SAFE
GLRWOB at EOC - 0,025
GLRWOB at MOC - 0,022
FWCF at EOC + 0.007
FWCF at NMOC - 0.002

The SAFs are used to adjust the deterministic llcensing basis RCPR
values by equation 8-4,

‘Option B OLMCPR = SLCPR (8-4)
’ 1 - [RCPR + SAF] ‘
The resulting option B operating |Imit MCPR value based on the determin-
istic values from table 6-4 (s 1.25 for both the GLRWOB énd FWCF events at

end of cycle 5 for Browns Ferry unit+ 3,

»
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8.3 Determination of Actual Operating Limit MCPR

- The overall operating limit for MCPR specified as a |lml+lng'condlflon
for operation In a unit's technical specifications Is specifled as’ a
functlion of scram time {(wlth adJusfmenfs‘based on core flow) basedﬁbn the
envelope of maximum OLMCPR values resulting from all safety analyses.
Since the prlmar; dlfferencé between the option A and B OLMCPRs is due to
the assumed scram speeds, +the applicable limit Is determined by
fnferpola+lon between these !imits based on the actual average scram sﬁeed
measured durlng the operaflﬁg cycle.

The Browns Ferry technical specificatlons have survelllance require~
menfslfha+ all éonfrol rods be scram tested after each refuel ing outage and
10 percent of the control rods at 16-week Intervals. The surveillance
testing data Is utllized to compute the averqg? scram time to 20-percen+

Iinsertion from the fully withdraw position (tayq):

b=

Tavg = £ Ty/n, : (8-5)
I=1
where T; Is the 20-percent Insertion time of rod I and n is the total
number of surveillance rod tests performed to date in the cycle !ncludlng '
the N active rods measured at beginnlng of cycle.

The ln*erpolaTlon between option A and B OLMCPRs s based on the
fractional difference (1T) “of the average measured scram time ( Tayg)
between the option A scram fime (Tp = 0.90 seconds to 20-percenf-
Insefflon.whlch Is‘fhe"upper conformance |imit on‘average scram flme) and

the option B adjusted scram flme.‘
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T T .
t =.maximum of 0 and —23& =B - (8-6)
T T .
A - "B
with:
,% ,
.ty =+ 1.65 [{o (8~6)

v

wherei;xls the average +time to 20-percent scram insertion i0.71 seconds)
utilized in the option B analyses and ¢is the corresponding scram Time
standard deviation (0.053 seconds).

The OLMCPR required by the GLRM09 and FWCF events by TVA analyses
Is shown In figure 8~1 as a function of t . Also shown on figure 8-1 are
the OLMCPR values required by the nonpressurization transient safety
L analfses,ﬂln parflculaF,m*He 100°F loss of feedwater heating (LOFWH) event,
the control rod wlfhdrﬁﬁal error fRWE) at high power, and the rotated
bundle error (RBE) analyses. |

The overall operaflnb llm{f MCPR (before correction for core flow) is
obtalned as an upper envelope of all safety analysis results and is

indicated by the solid line In figure 8-1,



Operating Limit MCPR

Figure 8-1

" Hypothetical Browns Ferry Unit 3, Cycle 5, Operating Limit MCPR
for GE P8 x 8R Fuel Bundles Based on TVA Methods
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