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1. SUMMARY OF TOPICAL REPORT

INTRODUCTION

" Between April 9 1977 and Apri1 27 1977 three turbine ‘trip: ‘tests: were performed

at the Peach Bottom, Unit 2, to examine the validity of the General E]ectric

k_transient analysis methods -and verify the computer codes. The first scram :

signai which normally would have been initiated on the position of ‘the turbine

"~ stop valve, ‘was. bypassed in order to provide a transient comparable in severity

. to the worst transients analyzed in FSARs Using the transient anaiysis method '

and the REDY computer code used in the iicensing applications at. that time. '
Generai Electric made pre-test predictions of pressure. neutron fiux and ACPR

on a best estimate baSis. The neutron flux and ACPR predictions were signifi-

‘ cantiy nonconservative and the pressure predictions were somewhat nonconser-

vative

After the tests Genera1 Electric performed post-test predictions of pressure,
neutron fiux and ACPR using ‘the actua1 or measured plant parameters with best
estimate modeling assumptions as well as the iicensing modei assumptions fThe
ACPR and the neutron flux predictions were’ again nonconservative for both sets
of caicuiations The pressure peaks were predicted conservatively. It should
‘be noted that Genera] E1ectric showed that the predictions of - pressure and ACPR
'were conservative ‘with licensing basis inputs when the first scram signai
initiated on turbine stop vaive position was not bypassed i e., under’ normal

conditions.

The comparisons of the test resu]ts and ‘the REDY code, the Iicensing baSis |

'modei, confirmed the existence of & steam line pressure wave propagation phenom=-

enon in a turbine trip transient and tine varying nature of the axial core
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Apower diStriButioh.' General Electric occelerdtgd,its.modé1 development program
to include steam line d&namics and representation of fhé core physics and
| vthermal hydrau]ics in space-txme domain and produced the ODYN computer code

-

: wh1ch is the subject of this review.

SCOPE ‘
The scope of this review is the evaluation of the ODYN code for use in the

_analysis of certain trans1ents in Chapter 15 of the FSARs.

SUMMARY OF ANALYTICAL MODELS

Tﬁe overall system model in the ODYN code consists'of a one-dimensfonaI represen-
‘tation of the reactor core, and the recirculation and control system model.
These two models. are coupled to each other. A steady state initialization is

made initially, and then the parameters for the transient are calculated.

First, the recirculation and control systems'are solved for the}steady state
conditions. Some of the initial conditions are input and they may be plant
unique. Other. initial hydraulic values such as core pressure drop and bypass
flow fraction, which are also input to the steady state recirculotion and
control model, are calculated elsewhere. These parameters are calculated io

the steady state multi-channel core code (Reference 1). Using all these inout
values, the steady state recirculation and cootro} modelroalcula;es thedremaining
hydraulic parameters in the plant. The steady state initialization in the
recirculation and control model provides the loop pressure drop, core exit
pressure, core inlet flow and enthalpy to the one-dimensional reactor oore
model. These:values are used in the reactor core model to calculate the neutron

kinetics, thermal hydraulics and fuel parameters for the steady state conditions.



7.The steady state axial power distribution is calculated by the neutronics

model The model uses cross section fits obtained from an analysis about cross

sections for different relative coolant densities and control states and that

'are radially averaged for each’ axial plane The fits are such that the axial

_»power in the pne dimensional model is required to yield the same axfal behavior :

as 1n the three-dimensional BWR Core Simulator solution The steady state -

thermal hydraulic solution permits the calculation of the steady state fuel

emperature distribution.‘

| During the transient, the recirculation and control system model calculates the

time derivatives. - At the end of the time step, the recirculation and control

system model supplies ‘the new external boundary conditions to. the reactor ‘core

model _ The reactor core model calculates the new neutron flux, thermal hydraulic

parameters and fuel temperatures It -also provides reactor cOre exit quality.

flow and pressure as input to the recirculation and control system model The .

recirculation and control system mode] calculates ‘the loop pressure drop and

the reactor core mode1 calculates the core pressure drop These pressure drops
are compared. If they are not equal within a certain 1imit, the recirculation
and control system model derivatives are modified and the time step calculations

are repeated

The recirculation system is modeled by solving the mass, energy and momentum
conservation equations for the steam 1ine, reactor vessel and recirculation
loop components which 1ncluded Jet pumps, recirculation pumps and associated

piping. The}control system is modeled as-a series of connected gains, filters,
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integrators, and nonlinearities (limjters and functfcnﬂgenerators). Thé control
systém outputtis_va1Ve,pOsition and thus f]dwg#oqtyp],}iThe oné-dimen;iqdal'A~ .
~ core model comprisgS-equations'describing the,neqtréq“kinetics._thermal-hydrau]ics

" and heat transfer behavior of the core.

Major aSsumptjons used in the modeling of the recirculation system are as

follows:

1. Pressure variations in the system are'described'with;ten nodes. One node
is used for the reactor inlet; another node is used for the reactor vessel
dome, and the remaining eight nodes are used to describe the behavior of the

steam line.

2. . Liquid and vapor mass volume balances are used to predict the reactor

vessel water level changes.
3. The recirculation loop model can simulate any combination of multi-loop
systems. The entire recirculation loop is assumed to be subcooled and

_incompressible.

4. Steam in the steam line is treated as single phase flow. Condensation of

steam in the steam line is precluded during the transient.
Major assumptions used in the reactor core model are as follows:

1. A one-dimensional neutron kinetics model is assumed. The neutron flux

varies axially with time. One energy group diffusion theory and six delayed
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-neutron groups are used. Decay heat is modeled using a simple exponential
-decay heat model The one dimensional neutran diffusion parameters are

‘ Vobtained by collapsing the parameters obtained from the GE three-dimensional

SWR Core Simulator (Reference 2)

~2}‘» A single-active heated channel represents the core average conditions and:r

another single channel represents ‘the core bypass., A five equation model
representing mass and energy conservation for “the liqu1d and vapor. nd the éi gf.
mixture momemtum conservation are used to calculate core thermal hydraulic S

behavior.

A,3. ‘Heat transfer to the moderator and fuel temperatures are calculated u51ng E

an average fuel and cladding model at each axial location of ‘the core.. The gap '
conductance is an input parameter which may vary axially in time ' The:n"'
conduction parameters are temperature dependent A radially uniform (flat)

power distribution is assumed,in the fuel rods.
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11, STAFF EVALUATION

"_-Theistaff evaiuation was performed in three parts‘* _
g‘ Asi Review of the anaIytical models in the ODYN code and determination of
- uncertainities in the code mode1ing o ;‘_ | »
_B,v”‘Review of the qualification of the code fhis_part7ofvthelre0iew is
| ‘accomplished in three areas: R d i | ) f
1. f'Comparison of specific modeis in the code w1th separate effects test,"
| i.data » - : | _ -‘_ | 'H:‘ | _ '
"ztt"Comparison of integra! response of the "code with the integral test
3. .Comparison of the code predictions with the predictions of an -
independent code. i. e., audit caicuiations. »
C: 7 Review of the safety margin,'i e. ,vevaluation of the margin when the code
s used with the uncertainties asSigned in the 1icensing ‘basis transient..‘»
_The uncertainties of the ca]cuIations were evaiuated as’ part of the

calculational model review

'The measure of a1l code uncertainties is made in terms of ACPR/ICPR ratio. The .
‘“CPR“ is an acronym for critica1 power ratio It is the ratio of the critical
power of the 1imiting bund1e in the core to the power of the same bundle at the
operating power of interest The critical power is an artifiCiai bundle power
‘obtained by 1ncreasing the power ana]yticaiiy unt11 the cr1tica1 quality fis
reached The analy51s is performed u51ng the GEXL correlation Since the.
hydraulic and neutronic parameters change during the tranSIent "CPR also

changes during the transient The minimum va1ue ‘of ‘the CPR is called MCPR and

I1I-1



L the d1fference between the 1n1tial crit1ca1 power ratio, ICPR ‘and MCPR is the :
ACPR. Hence, the ratio of ACPR/ICPR is a measure of the relative sever1ty of
the trans1ent.s
The uncertainties in the code are determ1ned by mak1ng sensit1v1ty studies. An '
1ndependent parameter in the code is perturbed and the result1ng change in
ACPR/ICPR is ca]culated for a turbine trip without bypass trans1ent which is
generally. 1im1t1ng. These independent parameters perta1n to the various models
such as the parameter of C in the Zuber drift flux mode1 or fr1ct1ona1 loss '
| coefficients in the steamline They do not perta1n to system parameters which
determine the actuat1on of the valves since 11cens1ng basis ana]ysis require

limiting settings for thesa systems parameters.

. . REVIEW OF ANALYTICAL MODELS

1. - Recirculation and Control System

a. Recirculation Loop Model

The recirculation loop system consists of the upper plenum, steam
separators, vessel dome, jet pump and recirculation loop. Mass,
energy and momentum conservation equations are used to describe
thermal and hydraulic behavior of the compenents.- Thesa equations
are solved using an explicittfinite differeneing method which {s

presented in Reference 3.

During the steady-state initialization, the time derivatives are set
equal to zero. A multi-channel steady state hydraulics code provides
the steady state core pressure drop and the'bypass flow fraction to

the recirculation system model. This code is presented in
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o culation pump characteristics

*'Reference 1 and has’ been reviewed and approved by NRC (Reference 4)
-"The other inputs used by the recirculation system mode1 are plant .
p pecific such as dimensions re]ated to plant geometry, pressure 1oss

"coefficients. separator carryunder fraction and Jet pump and recir~

-

ii_?In the 1nitia1 steady state conditions the jet pump drive and suction7r'.
.;fvf1ows can be determined from “the equation of continuity and the Jet |
“a',:rpump "m" ratio This ratio is defined as “the ratio of the suction to -
‘;the drive f]ow | It is valid for the rated conditions which are |
- selected to correspond to’ steady state initial operating conditions._'
‘;Using the momentum equation and the "m“ ratio. the suction flow and |

" the suction fiow ioss coefficient are determined During the
"transient the ratio changes The jet pump suction and drive flows :
(consequentiy recircuiation Toop and core inlet fiows) are caicuiated :
.u51ng the momentum equations keeping ‘the suction fiow Ioss coef- |

‘ficient constant. The sum of the suction and drive fiows provide the

recircuiation loop fiow and the sum of ail recirculation Yoop f]ows~

‘provide the core inlet fiow.

The recirculation system modeis*used in'the*ODYN'andeEDY codes are

the same The REDY code (Reference 5) has been reviewed for ATWS

“anaiyses and the recircuiation system modei has been found acceptabie

with some 1im1tations (Reference 6). The foi]owing discusses and

evaiuates the rec1rcu1ation system model. This eualuation, except

| for the uncertainties, is ‘the same both for ODYN and REDY codes. The
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limitations found in the RED'! code arangqUally ;pplic§b1g¥in;the 0OYN

code.

Dufing the‘tfansieht moméhtum equatfons_érs psed't6 caIc§1éte thé ,
jet pump suction and drive flows. Hence, thé fsrm loss soetffcients
in the recirculation system affect the core f10w and consequentIy the
calcu]ated ACPR.. ‘Azsens1tiy1ty_study_psrformed by}Gener;l.EJectr1c
using the ODYN code by déqreasiﬁg the diffussf fd(ﬁ 1sss_coefficient
by 10%.shcwed:an,1ncrsasg of 0.001 in ApPR[fCPR,‘ Generé] Electric
estimated uncertaiﬁtfss in the jet pump ioss Coefficfeﬁts gbqut 20%.
These uncertaintiés.are inferred from the sncsftsinity in the jet
pump "m" ratio. Geﬁeral Electric noted that ths decreasé 1n the jet
pump pressure drop loss on the order of 20% changed ACPR/ICPR by
0.01. This is the biggest uncerta1nty estimated by General Electric
in the recirculation system. According to General Electric reason-

_ able variatfons in other parameters such as drive flow L/A,‘jet pump
areas or lengths (which are manufactured to close engineering
tolerances) and loss coefficients at the nozz]e.'plenuh and bulkwater
did not change ACPR/ICPR ratios significantly. Based oh these
sensitivity studies the impact of these‘uncertainties on the values

of ACPR/ICPR in.the generally limiting transient is small,

Dufing the transient, the transient terms of the momentum equation
representing inertia may become important in determining the core flow.
Recirculation pump trip tests were performed at 50%, 75X, and 100X
power levels in the Oyster Creek plant and reported in Reférence 5.

Good agreement exists betﬁeen'the measured and REDY calculated
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i f?i"core flows for the transient. ‘This sthSfthatrthe momentum equations

.were solved correctly to’ predict flow transients. -Recirculation pump
‘f,trip tests were also performed in Dresden-z and they were reported in
Reference 5 However. in these tests measured core flows were higher
than those calculated because the actual pump inertia was higher than.‘

‘"the value used’ in the analysis.« g

"?jOne of the jet pump modeling assumptions is that the region from the

" nozzle to the throat is considered to have no inertia In order to

' ivalidate the transient modeling of the jet pump. transient Jet pump -
‘u'tests were conducted at the- Moss Landing Generating facility,
:Reference 5 In these tests the jet pump drive flows were oscillated‘ |
f“at several frequencies and measurements were. made of the gain and |
»phase relationship of the drive flow. Comparison of. the measurements
and model predictions showed good agreement up ‘to 5 Hz.. The model
"did not predict a resonance condition in the cold test data at
6.5 Hz' consequently, the use of the model is limited to.5 Hz. This
' limitation means that the code will have errors if. recirculation lo0p
' flow variations are sudden. The harmonic components of the flow

variation'should be less-than,s Hz.' BRI

" Another assumption which has been validated by tests is the

" assumption of complete mixing*at the'core‘inlet'i~Tests were

performed in Monticello to verify this essumption. Core flow
‘distributions for three core flow rates at 29%, 50% and. 85~ of rated
flow rates, were measured for symmetricaoperation of the recircu~
vlation pumps;.Reference‘7; Tests reSults‘indicateithat the bundle
flow rate does not vary more than 2.8% fromrthat in the average

1I-8
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- bundle with 95% confidenca lavel. This'indicates that the assumption
of uniform pressure distribution at tha. inlet of the core and .
complete mixing {s a valid assumption for the recircu]ation system .

“modeling‘ c :~"'_: : S ‘ ‘},' =3 '

The review of the analytical models and the comparison of the
predict1ons w1th the tests above indicate that the recirculation

loop model and: the 1mpact of associated uncertarnties on ACPR/ICPR as

- presented by General E]ectr1c are acceptable. The harmonic com-

ponents of the flow variation should ba less than 52Hz and the model
should be Qalid for the analysis of transieots{wherevthe;f}uid in the
recirculation loop, downcomer. and core inlet remains subcooled
(incompressidle). In the transients to be analyzed by‘tha ODYN coda,
it 1s expected that thesa 1imits will not be exceaded.

Control System Mode)

The control system models were evaluated for structures as well as the
methodology for evaluating plant specific pfoperties. Plant specific
properties consist of responsae functions, gains, and time constants

for the control system.

The system modals ara composed of transfer functions, limiters and
function genarators. The transfer functions ara based on typical
f{1tars and proportional, integral, darivative control laws.
Limiters and functfon generators are usad {n the modeling of flow
valves as a means of linearizing the gain within control loops. We

have reviewed the model stfuctore for tha motor generator flow control

I1-6



'M,modeI the feedw.ter controI mode1 and the pressure regulation with ;
"the MechanicaI Hydrau1ic Controi We find the structure -of . these
_-models acceptable and typica1 of the type of modeling conducted w1thA

,t,‘classical control system theory._

- With respect to the description of the contr01 models the fo11ow1ng,;f

mode1s were evaluated.

s ;(a)_TVa1ve Flow. Contro1 System fVE

‘ﬁy(o)'dMotor-Generator Flow‘Control

(c) Feedvater Flow -

(dj::Pressure Regulator and Turbine Controls

v'(e): Reactor Safety Systems ' '

For 1nput signals the Valve Flow Contro1 mode1 receives a turbine
v 'governor signa1 a sensed steamf1ow signa], a f11tered neutron f1ux
"signaI a recircu1ation drive f1ow signal and a manua1 setpoint
sional The control system is modeled as a ser1es of connected
1gains, f11ters. integrators, and nonlinearit1es (limiters and
'function generators). The contrel system outpot {s valve position

and thus row control.

For 1nput signals the Motor-Generator FIow Control model’ receives a
zioad demand error 'a master manual or automat1c signal" as we11 as a
loop manual or automatic signal The controI system is mode1ed as a
series of gains, 1ntegrators. function generators and with actuators
of a dr1ve motor, variable speed coupIer. generator, and motor pump.

The control]ed variable is recircu]ation drive flow.

11-7



For 1nput signals, the Feedwater Control System receives feedwater
flow disturbances, yessal pressure corrections, a Ieve] setpo1nt
srgnaif a mixtyre;l;vel s1gnal,,and:atste;m_f?qw_stgna]; These
signals are operated on by a controi:mogngQ'ss‘a_sériés ofﬁconnectéd
gains,‘integratqrs; filters, and non-iinésfiiies (iimiters,and

function generators). The control]ed;variapjglis feedwater flow.

For input signals,‘;he Pressure Reg@]stor”reqeiygs;;:turbiﬁesinlet
pressure signal, a prassure setpoint, a tufbing speed_setpofnt and a
turbine toad setpo1nt. These signals are operated on by a sontrol
modeled as a series of gains, filters, control laws, contro1 valve
servos and non-Tinearities. The controt]ed variable is turb1neA1n1et

prassura.

The staff review finds that these modgls»afe cbnditionsl1y acceptabla.
TechnicalT]j. the models are composed of transfer funcﬁion, gains,
filters, and synthesized nonlinearities such as deadbands and
saturation limits. The technical form qf‘;he control system models

is acceptable to the staff.

Howeder. the model §s used to astablish initial control system settings
such as gains, time constants, and control functions Since the
selection of thesa settings is made on a plant specif1c basis the
staff requires that each applicant's Safety Analysis Report reference

a clearlyvdefined.basis for making these selections. The design
criteria must be provided for each control system of the plant. The
initial control system characteristics shall be verified as conforming

to the design criteria for each control system of the plant.

I1-8  _.



8 the layer of swirling water along separator walls is independent of
_ the inlet flow (for 200 000 lb/hr < Flow < 800, 000 lb/hr) but i
'idependent on the inlet quality. The water layer primarily affects

L the effective L/A in the momentum equation of the separator Due to_ '

w';provided a relationship between the effective L/A and the inlet

| quality, and an empirical separator pressure drop coefficient

_General Electric states that the value of pressure drop coefficient' ‘

. Steam Separator Model

The separator is modeled using a one dimensional momentum

| conservation equation whereas the flow fn a separator §s rotatfonal

'and clearly multi dimensional However, using separator test results

(Reference 8), it was possible for General Electric to develop an -

o empirical one dimensional momentum equation describing the flow .

' ibehavior Tests indicated that the thickness and configuration of

Pl

differences between the densities of steam and water, the primary

inertial effects are due to the liquid. The tests of Reference 8.

has a conservative bias in it The higher the pressure drop or the

pressure drop coefficient the higher is the value of ACPR/ICPR L

However, General Electric did not quantify the conservatism-in this

" ‘model in terms of ACPR/ICPR relative to actual plant conditions.

,Therefore no credit is given to this conservatism._

General Electric performed sensitivity studies decreasing the value

of L/A by 30a This resulted in: an increase of 0.002 1in ACPR/ICPR

In order to assess if the scatter of 30% in the separator L/A is

sufficient the staff reviewed the separator data in Reference 8.
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The data'indicates‘that the scatter in theuseparator L/A values. can
oe high. The thickness of water 1ayer can be used to make a fa1rly

- good. estimate for L/A Tests 1nd1cate that the th1cknesses of water -
| Iayer for the same cond1t1ons can vary. from each other by a factor of
four, Reference 8 descr1bes the reason for these variat1ons as an

instability.

Discussions wfth‘Generai E]ectric indicate:that the-va]ue of L/A used
in the ODYN code 1nc1uded the va1ue of L/A for the standpipe and
therefore, the scatter was not a factor of 4 but 1t was Judged to be
30%. The staff has no 1nformat1on how these separate L/A effects
(one due to the separator and the other due to the standpipe) can be

assessed.

Reviewing thevanalytical modal we‘find'that the separator mode1 is
acceptable; howeper, based on available information we judge that a
factor of 2 in'separator L/A variation (rather than 30%) would be
more appropriate in assessing the uncertainty. Hence, we estimate
the component of that ACPR/iCPR uncertainty for L/A will increase
from & 0.002 to + 0.015.

Upper Plenum, Vessel Dome and Bulkwater Model

These components are modeled using mass, energy and momentum
conservation equations. Peach Bottom tests indicate that dome
pressures calculated to predict the data are higher than the
experimental values. In the opinion of General Electric, the reason

for the overprediction is that the energy eouation for the dome

I1-10



:,,region predicts that the buik water mass very quick]y becomes
}subcooied ‘the system becomes stiff and therefore, the pressure
rises very quickly. Since the rapid pressure rise ieads to a rap\d
‘void coiiapse the. staff conciudes that the model is conservative ,
However, the Peach Bottom tests aiso indicate that ACPR predictions VH'
vare not conservative., This implies that the conservatism of the '
' ‘ﬁpi,bulk water modei is offset by the nonconservatism somewhere else .
~<Genera1 E]ectric did not quantify the conservatism in this particular o
model. In view of Peach Bottom tests where a trade off has occurred

.no credit for conservatitm.can:be.given,'
- We find.that the anaiytica] methods used 1n these models are
f.acceptab]e, however, as stated no credit for conservatism wi]l be '

~given. .

Steam Line Mode1

The steam line is modeled assuming single phase mass and energy

- conservation equations which are solved using an. expiicit finite dif-
fferencing method. The steam is assumed to behave isentrOpically _The
steam 1ine is nodalized ints six segments while the bypass 1ine is mode]ed
using two nodes. - Safety and reliefuvaiverfiowlrates‘are,treated’as$

separate flow branches.

Sensitivity studies were performed by General Electric for various numbers
of nodes for a sample test problem'wherein,the inlet pressure'isvkept
constant and. at the:outiet_turbine stop vaive_ciosure is simulated. These

_sensitivity studies were performedfusing nodal,arrangements of 3,4,5,6,7,

1I-11
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8,20, enot40 nodes:and;oomoaredfwfth‘the aﬁa]&tiéaimedeI}predictions'
usingvﬁhe metho&'ofvoﬁaracteristfcs.’ The”aneiyseS'inditate‘tna£~a-min1mum

of 7 nodes is requ1red to predict frequencies to a reasonab]e degree. The

| ’compar1son of ampIitudes of pressure oscilTations between the 8- node model

‘and the analytical mode] 1s also reasonable The conservatism of a modal
is dependent upon thae integra1 of the pressure osc111at10ns over a
relat1ve1y short per1od of tfme s1nce it is the integra1 of the. pressure
that is imposed on the core. The void col1apse and the subsequent powar
 increase fs'dependent upon the rate of change'of‘this.integra1 pressurs.
Judging.from the pressurevosc1113tions calculated from the 8 node model
and the analytical model based on the method of characteristics the staff
: concludes~thot theliniegrated pressures are“aoproxinate1y the same for
both modefs'and’perhaos there is a very s]ight"éonservatism~in the 8 node
modal. vConsequent1y, we find that the finite differencing scheme and the

solution method employed in the steamline model are acceptable.

Other uncertainties in the model are in the form of friction loss
coefficients and in the value of the average specific heat ratio. General
Electric conducted‘sensitivity studies by varying the specific heat ratio
"and form loss coefficients. The Peach Bottom tests 1nuicated an averaga
specific heat ratio of 1.15. The change of this ratio to 1.25 caused an

increase of 0.01 in tha ACPR/ICPR ratio.

We reviewed the values of the average specific heat ratios for steam at
1000 psia. The value of 1.15 is valid for saturated steam with very
1ittle amount of droplets in it. The value of 1.25 is valid for a

slightly superheated steam. Slnce there is a pressure drop along the
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‘steam line. we do not expect steam to be superheated.‘ Hence, the value of
1 15 is acceptable. We also find the calculation of uncertainty of 0. 01
in ACPR/ICFR ratio acceptable. e

General Electric also performed a sensitivity study by decreasing :the.loss

coefficient by 20% This was based on the upper limit of steamline loss:

,)coefficient uncertainty Decreasing the loss coefficient by 20% increases
the ratio of ACPR/ICPR by 0. 01 Decreasing the loss coefficient by 20% is
“a reasonable assumption and we' find the. calculation of - uncertainty of 0.01

in ACPR/ICPR due to pressure loss coefficients acceptable

‘In conclusion our review indicates that the analytical methods used in

steam line modeling and associated uncertainties are acceptable

Core Thermal Hydraulics Model -

Two-phase mass “energy and momentum conservation equations were used to

predict the behavior of the thermal hydraulics of the core. Two mass and

two energy conservation equations representing each phase separately and

one momentum equation representing ‘the mixture comprised the five equation |
model In addition to these equations. correlations for 1) interfacial

heat flux. 2) Zuber drift flux model (Reference 9). 3) two-phase pressure

| drop, and 4) heat cransfer, are used. SR

'-The interfacial heat transfer correlation is based ‘On the "mechanistic

model" presented in Reference S. The selection of the heat transfer

correlations is based on the flow regimes In the single-phase 1iquid

region. the Dittus Boelter correlation is used In the subcooled and bulk
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boiling regions. the Jens-Lottes and Chen correlations are uSed. respec-A
tively. Two-phase pressure drop. correlations are based on the )
Martinelli- Nelson correlation The five equation model together with the
correlations are solved using a fully implicit finite differencing method
in the space-time domain The space domain is. one. dimen51onal in the

axial direction and the core is represented using“24 axial nodes.

VTo improve the accuracy of predictions within a node. a b01ling boundary
concept is defined. This concept defines a location in the axial
direction for which. the mixture enthalpy is equal to the enthalpy at which
point subcooled bmling begins. This location estabhshes the boundary
.between the liquid and two-phase regions within an axial node at each time
step and the program selects the appropriate correlation for the appro-
priate region. The variables solved for each node are volumetric flux.

~ vapor fraction, pressure, vapor enthalpy and liquid enthalpy,

Two models are particularly significant in the.assessment of uncertainties
in the five equation model; they are Zuber drift flux and the subcooled

boiling models. These are discussed in the following sections.

a. Drift Flux Model

The choice of two paramaters, c and VgJ is important in this model.
Tha first coefficient (C ) is the concentration parameter’ which
dascribas the slip due to cross sectional averaging of a nonuniform
- void fraction profilse. The second tarm (ng) is the»drift velocity
which dascribes the local slip between the phases. Tha value of co

is strongly dependent on the flow regimes and geometry.‘ This
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dependence has been shown in many tests (Reference 9) The drift
'l velocity is dependent on the density differences between the phases

as. well as .on the flow regimes

- In the model used by General Electric, these parameters are o
“-'empirically determined in the form of correlations based on the test |

. data | The data were obtained both from tubes and channels, and are
reported in References 10 through 14. When the vapor fractions ‘
obtained from these parameters were ‘used to calculate power shapes »
- observed in BWRs, some discrepancies were observed Consequently, -
General Electric introduced another correlation for €. o and a concept:
of neutron effective void fraction, to prov1de 3 better fit with

measured power shapes.. Based on physical considerations 1t is

| onceivable why C used dn thermal hydraulic caltulations is ,

| different from C for neutron power calculations 'The thermal
hydraulic C is based on tube geometry while neutron effective C is

B obtained from actual core geometry The ‘value of C should be
different for tubes and rod bundles because of different vapor
fraction profiles and flow regimes However, " in a telecon General
Electric stated that C valid for thermal hydraulics gave good

| agreement with Atlas data and C ‘valid for neutron effective void
fraction gave good agreement with the core data Hence -the

| differences cannot be explained based on geometrical considerations
B alone and there is an artificial fix in the nodel According to

Reference 34 this fix is necessary to compensate for deficiencies in

lattice physics methods.
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General Electric estimates that ‘the uncertainty 1n the concentration
‘ ,parameter,,c is about % 3% at a void. fraction of 70 for neutron
affective vapor fraction calculations This corresponds to a t 5%
~uncertainty in void reactivity coefficient which leads ta an
uncertainity - of : 0 008 in the value of ACPR/ICPR However General
Electric uses. i 10% uncertainty in the value of c for thermal
hydraulic calculations We. find no. reason that the uncertainty in C°
. for: neutron power calculations should be different because ‘the
correlation is used to calculate voids the same way as in ‘the thermal
. hydraulics. General Electric does not state any uncertainty in VgJ

for neutron power calculations but states an uncertainty of + 20% for

thermal hydraulic calculations.

Baeed on Reference.ls, we aesessed‘the uncertaintieczfor‘thermal
hydraulic Co % 20% and ng :};0%_respectively:‘jRef;fencg'ls.has a
different data base from the references that the General4Electric
used. Extrapolating the_General Electric results, we e;tinate that
-+ 20% uncertaintyfin Co would result in 2 333 uncertainty in the void

fraction or void reactivity coefficient.

¥We also reviewed.the void fraction»data_taken_in the Fﬁ!és Yoop,
Raferenca 16, The FRIGG tests werebperfurned‘usinu rodrhundles. The
review of the data indicated that the scatter of i 302'in vaid
fraction was reasconable in the low quality region. This finding also

substantiated the estimate of + 20% uncertainty in the value of C.
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: Assuming the same uncertainty for the neutron effective c and

| 'Textrapoiating the General Eiectric results we have estimated ‘that

. the uncertainty of £ 20% in C resulting in ‘+ 33% uncertainty in the

void’ fraction or in the void reactivity coefficient wouid produce an
“"uncertainty of t 0.053 fn ACPR/ICPR. Wefpresented ‘these findings in- “
E theuédasfheéringifkeference 30;;..; - 4 o

‘:“In response to the above staff assessment General E1ectric submitted -
i”-ffadditionai information, Reference 31, requesting the reduc 1on of the :
lﬁuncertainty in ACPR/ICPR. The primary argument was that the |
‘Luncertainty of 3 20% in the va1ue of C (seven times the uncertainty

B of £ 3% which had been proposed by Generai Electric) leading to an
e‘uncertainty of approximate1y * 30% in V01d fraction was applicabie
Jfor & low quaiity and a low vapor fraction region *The uncertainty -

‘becomes smaiier at higher quaiities. In addition Genera\ E1ectric

”i:”submitted ‘another: sensitivity study using neutron effective C, = 1.0

’ and noted that this would be the bounding value for ACPR caiculations.
Generai Electric. also noted that the transient results were weakly A
dependent on void fractions at 1ow qualities in the.subcooled‘region,
| Reference 32. . | i
’ We'reviewed'the“new'information submittedfin ﬁeferenceﬂBI;“and agree
:with Generai-Eiectric'that'UncerteintiesAin<vapor fraction can be. |
'reduced at higher qualities and that C = 1.0 is a boundina valua for
" bulk boiling. General Electric stated’ ‘an uncertainty of ¢ 5% in void
’reactivity coefficient at & void fraction of 70%.’~This corresponds

approximately to an uncertainty of'ﬁ'S%iin void fraction.. Further
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review of the void frattion data 1n the FRIGG }oop shows a scatter of
+10% in void fraction at qualities of 5% and 10%. These qualities

- are considered relatively h\gh ‘and they correspond to ‘vapor fractions

of 40% and 60% respectively.,JIt appears that tha, FRIGG loop data’
show a larger scatter of void ‘fraction than that assumed by General -
E1ectr1c At high qua11t1es,'the uncartainty of ¢ 10% in void
fractwon corresponds to approximate?y * 10% uncertalnty in C

However, the theoratical limit for C in the bulk loading region is
1.00. It can ba higher but not lower !nfthgs;region., The scatter of
10% on neutron effectiva C, would Bringigﬁo_yaTHQ of C, below 1.00.

Some of the scatter in the FRIGG data was;dua“tojmeasurement errors

- which could be as high as = 1@%, Hence;;ﬁeaaccept the.limit‘of

C° = 1.00 as bounding for thg_qncartafnty studies. Further,
sensitivity studies perforaed;in.Referenoaiqg‘indicate'thatAthe
transient is weakly dependent on ;hangesfof neutron effective C° in
low quality region. Henca, we accept theaoa]culation of uncertainty
of £ 0.011 in ACPR/ICPR as suggested in Reference 31. This is
approximataly 30% larger than that originally proposed by General

Electric.

Subcooled Bailing Modal

The phenomenon of subcooled ooi1ing_is modeled. by the “Mechanistic”.
subcooled.boi1ing model developed by R. f.;Lahay in Raeference 9. The
model provides a relationship for interfacia] heat Tlux between the
bubbles and surrounding liguid. It_consiSts of twa terms: one term
shows the effact of the temperature.differenca between the phases and

the other shows the effect of the wall heat flux.
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| 1The modei has been verified using the data obtained by S. Z Rouhani

‘_(References 17 and 18) These data were obtained from a vertical

annuiar channel In determining the uncertainty of the correiation..

'General Eiectric provided a sensitivity study.using ‘a coefficient n" ”

in the correiation " The nominai value of "n“‘isjl;o For n=1.25;

a chenge of 0.009 in ACPR/ICPR is obtained If*1550 is:assumedv‘the '?“,=-

‘:»change in ACPR/ICPR is 0 014 GE states that the value of 1 25
provides a reasonab]e uncertainty for the model but does not provide e

V any supporting evidence or data

| 7We reviewed the void fraction vs axiai height curves drawn for
_2various “n" vaiues and find that the void fraction difference between )
“the two curves drawn for h= 1 0 and n = 1 5 is about 3. 5% in N |
:absoiute or 18% relative to the average measured value of the void
| fraction in the subcoo]ed region Some of the rod bundie experiments

: performed in the Frigg ioop (Reference 16) show 100% (reiative)

scatter of the data. Invgeneral ‘the scatter is 15 - 30” reiative to‘
the average void fraction. Ve beiieve + 30% scatter is a reasoneble

estimate of uncertainty Therefore we increesed the uncertainty in

liocPR by a factor of 1.67 (30/18) which results in t 0.023 in the

uncertainty vaiue of ACPR/ICPR for the subcooied boiling mode].snw |
estimate the corresponding minimum and maximum vaiues of "n“ to be

0.5 end 2.0 respectively. General Eiective is required to make

Asensitivity studies to verify that these values correspond to ¢ 0 023

uncertainty in ACPR/ICPR
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4.

. values recommended by the staff., 1_;;7

. Cora

The review of the analytical models describing the thermal hydraulic

\behav1or of the core indicates that these models are acceptable

.provided the. uncertainties of various components are increased to the

T

Physics Model

_~Assumotions in the Neutronics Hodel

The. neutronics model of ODYH is based on time-dependent ona-
dimensional, one-group, diffusion theory The model includes the

affect of delayed neutrons and the calculation is performed in the

- axial dimension of a BWR. Radial effects due primarily to Doppler,

moderator, and control state are taken into account in collapsing a
three-dimensional model to the one-dimensional axial model - Of the
three effects, the control state variation due to scram during a
transient is the most important. Some care must therefore be taken
in choosing the initial weighting functions to account for these

effects.

We have reviewed the assumptions in this neutronic.model with the
current state-of-the-art for performing'space?time coupled neutronic
and thermal- hydraulic calculations We conclude, based on our
review, that the assumptions on uhich the neutronic model of ODYN are

based are acceptable.

Derivation of Equations for the: une-Group, One-Dimen51onal
Time=-Dependent Neutronic Model

We have followed in a step-by-step manner the derivation of the

one-group, space-time neutrcaics oodel prasented primarily in
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f}Appendix A of Volume I of the report Thisiderivation proceeds from
ﬁ: the time-dependent form of the three-dimensional neutron diffusion
dequation for the fast f1ux as used by the General Eiectric three-
{'dimensional reactor simuiator (Reference '2) aiong ‘with appropriate

:equations for deiayed neutrons The three-dimen51ona1 time-dependent |

f neutron fiux is represented as a product of radiai and axiai time-'

'dependent components Weighting functions are next introduced to. _‘.v

'make this factorization unique and to minimize errors in the A

procedure in some sense. The weighting functions are taken,~
according to the adiabatic approximation. as the solution to a

steady-state eigenvaiue probiem to be soived at various points in B

'time. “In practice, the weighting functions are caicuiated only at
_ time zero for as many BWR operating states as ‘is necessary " This
='procadure results in the finai form used for the one-group, one-"d

’dimensionai time-dependent'equations aiong with defining equations

for the nuciear parameters that are used. The derivation aiso

" includes discussion of the average axial power distributions. initiai

normaiization procedures. and boundary conditions.

Section 5 of Volume I of thetreport“diScusses’the‘integration of the

spatiai,and.time:variahies;to,obtainhtheidiScrete form of the one-

, group,'one-dimensiOnal time?dependent eouationsf“'The procedures
~ used for this are straight forward This section also discusses the-‘

V'radiai weighting function and the’ treatment of the controi state.

Cross section related parameters are ‘functions of axial core height,
control state, and relative water density. ' These parameters are fit

to'quadratics'indthe‘reiative-water‘density.

‘11-21



" Our review of the derivation of the equations for the one-group,- v
N ,one-dimensional time-dependent neutronics model has been performed

by deriving and verifying each of the equations presented in Volume I

3 | of the report. ,We conc]ude. basedken our(stepﬁby?stegbrevieyvof an -

C.

| the neutronic'equations; that the,derjyation‘of‘nucleer perameters

and equations:forzihe one-group, one-dimensional, time-dependent

model is acceptabla. -

Calculation of Neutronic Input Parameterse

General Electric uses its lLattice Physics;ﬂode] aﬁd,its Threg;

Dimensional BWR Cora Simulator to proéeSs nuclear data for the ODYN

~code.. The Lattice Physics Model is descr{bed'in\Reference 19. The

Threa-Dimensional BVR.que‘Si@qlator is described in Refarance 2.
Both of these codes have been reviewed and appfoved by the NRC for

use in BWR applications.

The Lattice Physics Model, as its name implies, is used to generate

nuclearkparameters for use as input to the BWR Core Simulator. This

data is generated as a function of fuel type, control, temperature,

void fraction, void history, and exposure._,Before.being used by the
BWR Core Simulator, the data is transformed from the Lattice Physics
Model void fraction to the,Nedtron Effective Void (NEV) model void
fraction. This empirical procedure was‘deye]oped by GE to remove a
discrepancy between BWR Core Simulator results and eperating_reactor
data. The BWR Core Simulator is used to perform the three-dimen-
sional analyses that are required for obtaining the data for

processing into parameters.and cross sections for the ODYN coda.
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Our review of the calculation of neutronic input parameters is based
;fon the use of NRC reviewed and approved codes and on comparisons of
| three-dimensional and ODYN steady-state neutronic analyses " The

| vjapproved codes are (1) the Lattice Physics Model (Nsos-zos13-e

"Lattice Physics Methods,“ C.: L Martin, June 1976 ‘and: NEDO-20939 :

“"Lattice Physics Methods Verification," C L Martin June 1976) and. -

s (2) the BHR Core Sinulator (NEDO-20953 “Three-Dimensional 8WR Core ﬁ

' .‘Simulator,“ 3. A woolley, May 1976 and Neoo-zoe4s "BWR Simulator |

;:Methods Verification.“ G R Parkos May 1976) The steady-state ji

"fvcalculations compared the BWR Core Simulator and ODYN results for

‘scram reactivity and core averaged axial power distributions among
other things. for a number of different reactors and operating

filstates."‘

Some of the uncertainty values used by General Electric in’ response
. to our Question 12 need to be revised in our judgement We believe
that the Doppler reactivity coefficient uncertainty should be
‘increased from t 6 percent to about t 10 percent This increase is
based on the uncertainties inherent in the calculation of Uranium-238
| resonance absorption. the calculation of the Dancoff factor in the
complex BWR lattice, the calculation of spatial weighting factors. '
ziand the computation of effective fuel temperatures This ‘change in
»the Doppler uncertainty will have very little effect on the calcu-
lated ACPR/ICPR ratio. We ‘estimate that this will increase the
uncertainty in ACPR/ICPR from ¢ 0.0015 to  0.002. We ‘beiieve that
the scram reactivity uncertainty should be fncreased from t 4 percent
“to about t 10 percent This increase is based on the uncertainties
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';inherent in calculating the initial scran reactivity rate and total
~.control rod. worths. We estimate that this will increase the '
uncertainty in ACPR/ICPR from t 0 01 to t 0 02 The General Electric
. values: for the Lattice Physics Model and BWR Core Simulator uncer-
_:tainties in the void reactivity coefficient calculation are R

acceptable as. given in response to our Question 12

Since the uncertainties in the neutron effective void fraction are
- assessed. in the. thermal hydraulic section, we dld not consider it as
part of void reactivity uncertainty. Hence, the uncertainty in

ACPR/ICPR value is reduced from t 0. 026 to t 0. 018
We conclude, based on our review, that the procedures and
calculations performed to prov1de the neutronic parameters for. input

to the ODYN code are acceptable.

Fuel Heat Transfer Model

Heat transfer to the coolant and temperatures within the fuel are
calculated assuming a single cylindrical fuel element for each ax1al
location. The fuel heat transfer model usedrin the COYN code-calculates
fuel temperatures as a function of time in_the.transient as input to the
Doppler reactivity calculation. The claddingvvall temperatures are also
calculated as input to the transient cladding-to-coolant heat'transfer
model. The ODYN code allows for axial variation of the neutron flux, as
well as of coolant flow, density, and pressure, This results in an
axially varying set of,input,conditions for the fuel heat transfer model.
The resulting temperature calculations are then’solued for a series of
discrete axial elevations in the core. |
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ltThe fuel and cladding conductivity and heat capacity are assumed to be

‘1f<temperature dependent. A gap thickness is specified between the fuel and

.'the cladding and an input gap conductance is used. Axial and time
' variations in the gap conductance may be given, but a constant value. is
used for safety analyses. The external heat transfer coefficient and

| coolant temperature are obtained from the thermal hydraulic portion of the’

| :}code. The heat generation rate in the fuel pellet is obtained from- the

' laxial power distribution which is determined by the neutronics segment of '
' ODYN The radial heat distribution in the fuel rod 1s assumed to be -

hindependent of axial position and independent of time

iGeneral Electric derived the fuel heat transfer model from the general
- heat flow equation The equation is expressed with axisymmetry -and zero :JA
'axial conduction assumed The resulting, one-dimensional transient heat.
conduction equation is solved by the CrankrNicholson finite-difference
_technique ' The solution is approximate but the procedure is widely
'fpracticed and is well documented in the open literature General Electric
has limited its description of the fuel heat transfer model to the

_formulation of this final equation.

» ‘The resulting heat conduction equation is applied to a single rod with a
.b:radially averaged heat generation rate. This rod is- used to represent a1l
:of the fuel rods in the reactor core Because axial conduction is assumed
to be negligible the equation can be solved independently for each
discrete axial position in the core. The finite-difference technique also
requires a radiai nodalization of the fuel rod. The nodes may be of

arbitrary size. General Electric has assumed that the fuel pellet is
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divided into seven rad1a1 nedes and the c]adding 1nto two nodes. The
coefficients for both the steady-state and transient forms of the
resu1t1ng f1n1te-difference equations are given 1n Tables 7-1 and 7-2 of

the model,descript1on,:.t. ; R A;: o -

A number of limiting assumptiohs have been_;onsjdered fqﬁout review of the

" fuel heat transfer model.

1. The ODYN core traﬂsient model is;desighgd tp_h;ndltlshort-term events
which occur on a time scalg of second#,_‘This makes‘it possible to
ignore the éffects of long-term fuel behaﬁior phenomen;, such as.
creep and swelling. Pre-transient conditﬁons,‘such as the average
fuel-to-cladding gap size, are calculated with gorg‘detafled'fuel
performance codes, such as GEGAP-1II (Reféren;elzo) and subsequently

used as input to ODYN.

2. The ODYN core transient model is designed to handle average, rather
than extreme, fuel conditions. The fuel rod input parameters
represent an average of all fuel rods at a given axial location.
Bounding input parameters are, in general, more difficult to
establish and thus are more critical in the overall analysis.
However, .the ODYN code, as a whole-core analysis, requirés only the
average conditions. In this respect, we:nbte th#t the ODYN tr#nsient
model does not have a hot channel capability, where extremé fuel

conditions would be required as input.



idaoth of these Timiting assumptions were considered in our review of the
‘:gap conductance vaTues used by the ODYN code,. We have reviewed
(Reference 21) the selection of the axial and time variation of gap
conductance to determine whether the se]ected values are appropriate for
idifferent transients Genera1 EIectric stated that the core average gap
.conductance values are calculated by GEGAP-III (Reference 20) which is
»japproved by NRC The ca]cuTated conductance is 1nput for all axial nodes
| and is kept constant during the transient..
‘ A_sensitiuity'stud§“washaTso performed.for;theémost limiting.
"pressuriiation event-inrwhich the aCPR decreases:when axial varying gap .v
'conductance'is Used © It was shown that most of the high power axial nodes -
have higher than core average gap conductance.‘ During the transient
:higher gap conductance will. lead to faster heat transfer from the fuel to
1.the moderator/cooTant ‘which generates more steam voids v This resultS»in o
" lower stored heat in the higher power nddes. In addition, the faster
conversion of fuel‘stored'energy.to steam voids in the’core helps;to
mitigate the transient due to negative voidxreactiyit&:feedba;k;
Therefore, theitransient with aXiaT varying gap;conductance‘isvless severe

than that with constant gap conductance. -

During Timiting pressu.ization transients, it is expected that the fuel
gap conductance will be higher than its initia1 steady-state value due to
the increase in the therma1 expansion of the fue1 pe11et As discussed

‘above, higher gap conductance leads to 2 less severe tran51ent ‘General

: ETectric ‘has not taken credit for this fact, but has stated that the use

of constant conductance throughout‘the transient_compensates for uncer-
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: tainties in thermai conductivity and specific heat of the fuel and

‘cladding ‘We have examined these properties and find that they are
;appropriate over the temperature range’ specified by GE (300-1500 °K for
“tuel thermal conductivity) Therefore, it is concluded that the use of a
constant core average gap conductance in. the proposed ODYN. licen51ng

caicuiations is appropriate.

We have also questioned the use of - a specifictcore*auerage gap conductance
~valug of 1000 Btu/hr-ft2-°F for the analysis of the Peach S8ottom Unit-2
turbine trip event. General Electric has shown (Q—ll Voiume 1) the
calculated peak neutron flux as a function of.tane;for.gap'conductance '
‘values of 500, 1000, and 1500 Btu/h-ft°-°F. Snaii differences in neutron
flux are obsarved for the 500 and 1000 Btu/hr-ft?-°F values. = This is
because the entire flux pulse is only a-few tenthsvof a. second wide and a
fast fuel time constant is needed to produce a:moderate density feedback
through the rod heat flux. The peak neutron flux §s minimum for the -
1500 Btu/hr-ft2-°F value, showing that large va]ues of gap conductance
will mitigate the calculated flux response. This conclusion is in
agreement with that found for axial and time vatying conductance values.
It also shows that a core average gap conductance value of 1000 Btu/
hr-ft2-°F is not, in itself, an adequately qualified conductance value for
core transient analysec. We conclude that conductance values should be’

based on an approved fuel performance code.

We have also reviewed the use of a radially averaged heat genaration rate
rather than a radially-dependent heat generaticn rate. We- questioned the

conservatism of this assumption because flux depressions, and.tnerefore a
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iradially-dependent heat generation rate is expected in BWR fuels. - Generai
Electric has acknowiedged that the radial power distribution within the
V.fuei rod is not uniform This is because the piutonium build-up and |

, se]f-shieiding of the fuel resuits in a radia1 power shape peaked sharply
"at the outside of the fuel peiiet. Heat transfer from the inside of the -
fpeliet to the ciadding occurs by diffus1on through the fuel material.
"when the power is peaked at’ the outside of the peliet the average
distance from the area of maximum heat generation to the edge of the
pe11et is less.' This resuits in 2 shorter time constant than in the
uniform power production case. A" reduction in the. thermai time constant
: resuits in faster feedback of heat f1ux to the moderator/cooiant and
7reduces the consequences of‘the pressurization transient in the same
manner ‘that higher gap conductance does ‘Hence;»aﬂuniform‘perr‘dis-'f
_tribution assumption inside the fuei pei]et is conservative from ‘the

| moderator/cooiant standpoint.

Aithoughfthe:use of a uniform radial pin power distribution and small gap
" conductance values lead to conservative moderator/coolant conditions,
‘these assumptions also iead to higher fuei temperatures The higher fuel
temperatures in turn, léad to jncreased Doppier broadening in the fuel
pin which is non-conservative for transient analysis. The ODYN code
 assumes that an fue1 at the same axial iocation in the core has the same
‘temperature profile. Analyses have shown-that‘thisvapproach may tend to
underestimate the Doppler reactivity‘effects becausegthe‘fuel pins which
:haveithe greatest resonance capture‘rates are near the bundle periphery
and_operate at higher average temperature'than-that-calcuiated by the

code. This assumption is valid oniy‘forvfuei assemblies with uniform
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'enrichment Hbﬁééef;"fhé Doppler reactivityféohtriﬁhtion'to'BWR transient
analys{s appears to be of lesser importance than the scram and moderator
}vo1d’reactivity qontributions.. The use of a uniform radiai pin power .
distribution islthérefdfe abprOpriata in the;analysisiqf'avents where
Dopp1er‘réactfvity effects are sma11.

We have also questioned*the appiiéation of the. Crank-Nicholson method to.
the fuel heat transfer equation. This méthod,sﬁfférsAdomplicatiqhs when
heat generation varies with position and time, when thermal pfoperties
vary and whén non-]ihear‘boundany éonditionsvare_used., General Electric
has stated that the method of solution suffers complications only‘when the
“time steps are too large relative to the fuel éhermalltime constant or
whenvthe fual properties. change more rapidiy than the time step of the
solution. It was furthér stated that the BWR fuel thermal time constant
is in the range of 5-8 seconds compared to 0.01 second time steps taken by
the ODYN code. Such extensive time stepping is required for the hydraulic
' anélysis and will accommodate all non-linearity problems of the fuel
behavior. It was also noted that the gap conductance is conservatively
held constant in the transient calculation.  We therefore conclude that

the method of solution is appropriate for safety analyses.

In summary, we find that the ODYN fuel heat transfer model is appropriate
for who1e-c§re analysis of short-term events. We note -that the code is
used for yho1e-core analysis and is not proposed for hot channel calcu-
lations. We have also examined the list of events selectad (Volume III,
table 2-1) for analysis with ODYN and find that these events are of short

duration or are limitad in expected fuel temperaturevincrease. We
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conclude, therefore. that the ODYN fuel heat transfer model is appropriate

for the safety analys1s of these events.

TSummary'of Code Uncertainties' o

"~ a.  Margin in ACPR Calculations e

5 In summary, the staff agrees with some of the code uncertainties -
Acalculated by General Electric. However, some of the code uncertainties
are low and the staff recommends higher values A comparison of the‘f
code uncertainties and the corresponding bounding values as recommended

by General Electric and the staff is presented in Table I.

General Electric claims an expected conservative bias of 0. 02 (Table 3-3,
Volume III) in the calculation of the value of ACPR/ICPR due to the o

\ modeling of the gap conductance However, the sensitivity studies
performed using different values of gap conductance (Q-11 Volume II)
as well as the comparison of the Peach Bottom test data w1th the ODYN
predictions do not indicate that such a conservatism in ACPR calculations
exists. Consequently, we do not believe that the predictions have a

conservative bias.,V,)

Our. review shows . that the ODYN code is & best estimate code and there
is no inherent conservatism in predictions of ACPR/ICPR when best
stimate input values are used. Consequently. we do not give credit

for this claimed conservatism of 0 02.

General Electric estimated the total code uncertainty (Table 3-3,

Volume III) using the method of'lineari:ation. This method can
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TABLE'I

COMPARISON OF CODE UNCERTAINTIES AND CORRESPONDING

BOUNDING VALUES AS ESTIMATED BY
'GENERAL ELECTRIC AND THE STAFF

Total:

11-32

GE | STAFF o
Bounding E . .Bounding " - ‘
Values of. *ACPR Values. of *ACPR
S SR Parameters ICPR = Parameters 1CPR
Reactor Core Model P ; _ .
_ (1) Nuclear Model ~ .. = AR
“(a) Void Coefficient - a, £ 13% 0.020. a, * 11X 0.018
(b) Doppler Coefficient a t 6% 0.002 ay + 10X 0.002
" {e) Scram Reactivity: »-as + 4% 0.010 ag * 10% 0.020
(d) Prompt Neutron Heating , 0.006 ' 0.008
(2) Thermal Hydraulic Modet "
(a) DOrift Flux Parameters Co + 3% Co = 1.00
| o Vgj * 20% 0.008  Vg4=x30%  0.011
(b) Subcooled Void Model =1.25 0.009 n=0.5 0.023
(3) * Fuel Heat Transfer Model . :
: ~{a) Pellet Heat Distribution (Consarvative)" - -
- (b) Pellet Heat Transfer , o
Parameters (Conservative) - -
Recirculation System Model ‘
(1) System Inertia (L/A) + 200% 0.002 L/A + 200% 0.002
(2) Jet Pump losses K - 208 ~0.010 X - 20% 0.010
(3) Core Pressure Drop A+ 1.5 psi 0.005 - Ap + 1.5 psi 0.005
(4) Separator (L/A) -30% 0.002 = -200% 0.015
(5) Separator AP (Conservative) - -
Steam Lina Modal . .
(1) Pressure Loss Coefficients K - 20% 0.010 . K - 20% 0.010
(2) Specific Heat Ratio y + .10 '0.010 Yy + .10 0.010
| 0.031 0.044



estimate the output distribution only approximately The method also.

assumes the independence of the parameters. The appropriateness of

l'the linear method should be verified by response surface and Monte
o Carlo analyses. However, as will be shown subsequently. the results
_of the statistical analyses performed in Volume 111 are not ‘acceptable.

, New statistical analyses, if performed by General Electric._should be

g based on code uncertainties based on comparison of code predictions

b,

S with the test data. Consequently, we use the value of total code

. uncertainty calculated from model sensitivity studies and method of .-

linearization in determining the margin of AGPR/ICPR in Option A (to
be presented in Staff Position) where statistical analysis is not

required The total code uncertainty in Table 3-3 of Volume III as -

per General Electric is : O 031. Based on our review we increase

this value to : 0 044.

Margﬁn in Pressure Calculations

General Electric has not performed analyses to determine the uncertainties

»in the calculation of pressure. Hence, it will be necessary for

General Electric to perform these calculations using staff recommended

values of the parameters 1isted in Table I for the Main Steam Isolation

. Valve closure event We believe that there is sufficient conservatism

in the ASME vessel overpressure limit to permit General Electric to

use approximate linear methods to determine the uncertainty in the

output This uncertainty (Zo) should be added to the ODYN calculated

»_pressure If General Electric demonstrates that this uncertainty is

very small {e.g., by a factor of 10 or more) relative to the uncertainty
in determining ASME vessel overpressure limit no addition of uncertainty

to the calculations of pressure is needed.
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QUALIFICATIDN OF THE ODYN CODE

: 1.

(b) Radial,power‘distribution

»Qualification of Neutronics Model - Comparison of ODYN with BWR :
'Core Simulator - j

1l_“0ne of. the ways in which the ODYN code may be qualified is by comparison

; of O0DYN results w1th those obtained by us1ng other codes and analytical

methods Thesa comparisons should include both steady-state and dynamic

Vcalculations A calculation of a BWR turbine trip without bypass licensing
_baSis transient is compared in a later section to a calculation performed
g:by our consultants at Brookhaven National Laboratory (BNL) This saction

- will discuss some steady-state comparisons made by General Electric of

ODYN and the BWR Core Simulator.

The BwR Core Simulator Code (NEDO- 20953 “Three-DimenSional BWR Core

Simulator," J. A, WOolley, May 1976 and NE00-20940, "BWR Simulator Methods
Verification,” G. R. Parkos, May 1976) has been reViewed and approved by

tha NRC. This code, as used by General Electric, predicts measured power

~ distribution peak to average ratios as follows:

(a) Axial power distribution - 5% for uncontrolled assemblies

10% for controlled assemblies

Y 4 underestimate relative to the

process computer

(c) Nodal power distribution 4% for gammavscan data

7 to 8% for process computar data
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" The BWR Core Simuiator ca]culation of the criticaiity of first cycle and

“'t"reload BWRs resuits in a smail bias which is- taken into account for

' :reactivity determinations of - coid, xenon-free and hot operating condi-"

' tions. The standard deviation of these criticaiity caicuiations is about
' 0.002 in units of-reactivity. ' B ' ’

_ The quantities to be compared are the core averaged axiai power shape, the d'
i’scram reactivity, and the void reactiv1ty coefficient., These neutronic
"“parameters were selected for’ comparison because of their importance in the;:

turbine trip without bypass 1icensing basis transient In addition, it is'i'
>~the space time evaiuation of these quantities that distinguishes ‘the ODYN ’f
'icaicuiation from a pointakinetics eva]uation_of pressurization type |

transients.

‘.The comparison of the core averaged axiai power distribution, as computed
: by the awn Core Simu]ator and ODYN, is given by the response by GE to our :
Question 36. This response states that the: coiiapsing scheme empioyed in -
the generation of nuc]ear parameters ensures that the steady-state core
averaged axial power distribution and criticality computed by OOYN are
identicai to the BWR Core Simuiator resuits. The response also indicates‘{
that, for & number ‘of plants and operating states. The ODYN core averaged .
‘axiai power distribution agreed to within 0.5 percent of the results

obtained with the three-dimensionai_BwR Core Simulatorr

'The'scramireactivity was‘compared'for'three BWR-4 reactor operating
'states The injtial scram rate (ISR), defined. as the scram reactivity

jnsertion rate during the first second from the time scram is initiated
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is the quantity chosen for comparison rather than the total scram worth
o The ISR has been shown to be a cr1t1cal quantity for short duration power _
1 ;'burst translents of the 1oad rejection type. |

- One operating state was for the beg1nn1ng of cyc1e Z but with all control
- rods out ODYN resu]ts for the neutron flux and scram reactivity as a
Vufunction of contr01 rod.insertion (or time) compared well w1th resu]ts
obtained-with the BWR Core Simulator. The ISR for ODYN. was about 0. 93 of

" the valua obtained with the BHR'Core'Simulator.- The second comparison was

" for the same BWR-4 but with some: contro% rods 1nserted to achleve a

‘critical condition. The ISR for ODYN was about 0.86 of the value obtained
1w1th the BNR Core Simulator The third comparison was for another BWR—4 ‘
"at 50 percent of fu11 rated power and 100 percent of fu11 rated core flow..
| Th\S reactor had a considerable control rod 1nventory and, therefore,
: provides a severe test for the ODYN code. Tha ISR forIODYN was about 0.94
 of the value obtained.with the 8WR Core Simulator. For all three
comparisons the ODYN result for ISR was smaller than that obtained with

the BWR Core Simulator and was therefore conservat{ve.

The void reactivity coefficient derived from ODYN calculations was
compared'to the void reactivity coefficient derived from the BWR Core
Simulator. - This coefficient is obtained by.knowing the core averaged void.
fraction and reactivity at two different reactor operating states. The

: bdifferent reactor operating states were obtained by changing either the
reactor pressure or flow. For the variety of cases‘examined. GE states
that the ODYN and BWR Core Simulator void reactivity coeffficients agree

to within 5%. - : -
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fOur review of ‘the comparison of steady-state BWRs calculated using the
;__one-dimensional ODYN code with comparable calculations using the three- |
?iidimensional BWR ‘Core Simulator code has been performed (1) by. reviewing GE’~
~ results for ‘the scram reactivity and void reactivity coefficients and .

'(2) by reviewing the GE response to our request for additional information

: on steady-state comparisons between the two codes.. :

‘We conclude, based on our. review, that steady-state ODYN code calculation :
~ of core averaged axial power distributions, scram reactiv1ty. ‘and void
1reactivity coefficients are. either in-good agreement with or conserva-
tively calculated with respect to comparable steady-state results obtained '

v:with the BWR Core Simulator code.

Lo Qualification of the Thermal Hydraulic Model

'Several comparisons of the ODYN thermal. hydraulic model to standard GE
design models were performed. The standard GE design model was submitted
in Reference 1 and was approved by NRC in Reference 4.. Both steady state

‘and transient conditions were analyzed.

The steady state analysis first compared the thermal hydraulic character~
 isties (void fraction vs. axial location) of two typical BWR fuel channels S
(high and low power;channel) The results of this comparison show good |
/:agreement between the models . This was expected since both models are
very similar The maximum void fraction variation between these models
was approximately §% for the high power channel and about 17% for the

low power channel. These variations are for the.axial-locations where

the void reactivity change is expected to be most significant for
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1,ithe tran51ent calcuiations, i. e.. }4 ft axial height ~The steedy stated '
'vanalysis a]so compared the change in void fraction vS.. axial Tocation for
?'ja 10 psi pressure change The maximum void fraction variation between the

-‘”models for this comparison was: approximately 0 5% for the high power -

k ?channei and’ about 5% for the: low power channele Trose variations are

_w1th1n the range of" uncertainty for these type of thermal hydrau]ic .

‘ caiculations, See a]so discu551ons in Section II. A 3.a"and b.

For the. transient analysis comparison, ‘the ODYN channel thermai hydrauiic

N model result was compared to:an ana]ytical soiution for exponentiai flow

decay. The comparison required. that 0DYN- be modified to include a
'constant axial heat fiux distribution ~and steam and drift flux propar-
ties. This was done because the tests were run with a uniform axial heat ,'
flux and calculational convenience required the- choice of constant steam
and drift f1ux properties._ The tests were. performed using a single heated
tube containing Freon-114 at relativeiy iow pressures and temperatures;
about 125 psia and 160°F respectively. There is & 10% uncertainty in the
measurements of the void fraction. The calculational uncertainty seems to be
on the order of % 5%. These tests verified that the analytical modeling
technique inciuding the drift flux model is. acceptabie and can be used to
predict the vapor fraction. Judgi~3 the comparisons between the predic-
“tions and the test data and the special nature of these tests, the staff
"astimates that an uncertainty of * 30X in transient void fraction in low
qualities and ¢ b% in high qualities for a rodabundie geometry during
reactor transients is reasonable and_consistent‘with the findings in the

" analytical model review in the previous section.
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gualification Using Integgal Tests f; | | |
In: the past several years General Electric has undertaken a test program

to verify the analytical methods for reactor pressurization transients
" The tests of. major interest for the current discussion consist of four. .,ff'

_uturbine trip experiments Three of these tests were performed at Peach _

.. Bottom Unit 2 (PB=2) in April 1977 ‘and the remaining test was performed at

. a foreign reactor. (KKM) in June 1977 These tests provide the experi-"
-mental data base for verification of the 0DYN code The test results willi
be summarized in this,section. A detailed description of the PB 2 test is

" presented in Reference 22.

,_General Electric stated that ODYN has been developed from first principles'j-fll'

: and independent of these results._ The staff notes that in the ODYN code
the only artificial fix is the neutron effective void correlation The
.comparisons with integral plant tests prov1de an independent check of the’;l -
.ODYN code The evaluation concentrates on the differences between test |
results and- corresponding ODYN predictions. The parameters which are
-considered in these comparisons are steamline pressure, reactor vessel

~ dome pressure, core exit pressure, and transient neutron flux distri- :

bution., These parameters are of primary importance in simulation of the o

pressurization transient.s An accurate, ODYN simulation of these param- o

eters would provide some’ verification of the assumptions for the transient

models.

a. Peach Bottom Tests

The -inputs used for this. comparison were best: estimate or measured

values for the current (April 1977) Peach Bottom Unit 2 EOC2 condi-

tions. The'three Peach Bottom Unit 2 (P:i-2) tests were conducted at
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_;power levels of 47 4 51.6 and 69 1 percent of full rated power

o he'The tests were intended to be conducted at 100 percent of the rated

Afflow. However. the second test was conducted at 82.1 percent of

i:rated flow due to xenon These three tests had different control rod

o distributions and fractions For these three tests the first scram

v751gnal on the position of ‘the turbine stop valve was disabled so-that -
{‘the scram would occur on high neutron flux. Disabling of the primary -
_scram signal was necessary to obtain a significant power increase as
a function of time for tests Control rod insertion was assumed to‘
vary linearly with time and was based on. measured data ~ A constant

| value of 1000 BTU/hr-ft2-°F was used for the fuel rod gap conduc-
‘tance Sensitiv1ty studies performed by General Electric showed: that
the neutron flux as a function of time was insen51tive to. large-

changes in the gap conductance for these tests (See Q-11, Volume II).

The GE BWR Core Simulator was’ used to generate three-dimensional
power distributions and to collapse ‘the nuclear parameters according
to the ODYN procedures. The 1n1tial core averaged axial power
distribution calculated with ODYN can then be compared with. power
distributions obtained with the PB-Z process computer Comparison
shows that ODYN agrees quite well with the process: computer core
average axial power distributions for all three ‘tests. - This means
that the GE neutronic procedures for generating nuclear parameters
are 1nternally consistent and provides the proper initial conditions

for the start of the transient calculations. .
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A comparison of the tota1 core power as'a function of time provides )
an integral test of the important reactivity feedback due to scram
’ and moderator density changes.. This comparison wouid aiso be |
indicative of the adequacy of the core pressure and iniet flow .
‘l‘.caicuiations. The comparison shows that ODYN predicts the initiai
iiand fai]-off part of the turbine trip transients correctly but |
| overpredicts the peak totai core power response for all three tests;.
;It shouid be noted that the ca1cu1ated consequences of the turbine r
_trip tests are sensitive to scram delay time and the power fraction f:
for prompt moderator heating It shou1d a]so be noted that small -
‘changes in reactor operating state conditions such as, for exampie,
core pressure, cause reiatively large changes in the fiux transient

because of the 1arge net reactivity of the transients

,The reactivity components dispiayed for these ODYN calculations show B
that when scram occurs the power burst is qu1ck1y quenched This is
due to the contr01 rod distribution and fraction for each test fThe

Dopp1er reactivity component piays only a secondary role. The

‘ .h,reactivity components egain demonstrate the necessity for their

4accurate assessment in any caicuiations of these type of transients._-

'A further indication of the adequacy of the ODYN calculation can be
ascertained by comparing the core power ‘as a’ function of time at the
Locai Power Range Monitor (LPRM) detector positions The miniature
fission detectors that comprise this LPRM system are distributed both
radiaiiy and axialiy within the reactor core. Anaiysis of the

PB8~2 data shows that the radiai variation of the neutron power with
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;}time 1s simi1ar for each detector on an ax\al level Th1s means that?‘7>
"'2‘3 one-dimensional axia] calcu!ation such as ODYN shou1d be an ;’;~
v;adequate representat1on for these tests The neutron power as‘a
function of time does vary, however, with axial posit1on as: shown by»fd
";_the experimental data for the A B C and D 1eve1 LPRMs which are _
.located at 1-1/2 4-1/2 7-1/2 and 10 1/2 feet from the bottom of
j the core. Comparison of the ODYN results for the neutron power as-a -
:vfunct1on of tlme for these four detector 1evels w1th test data shows
'sim11ar trends as observed for the total core power The ODYN .
"..results and- test data agreement for each LPRM Ievel 1s s1m11ar to
that. for the. total core power for each of the tests This 1ndicates
{_that the ODYN ca1cu1ation correct]y models the axia] neutron f1ux

) variations as a function of time for these PB-Z turb1ne trip tests.

Figures 1 through 3 (reproduced from NEDO-24154) present comparisons
of axial neutron flux var1at1ons as measured (ca1cu1ated by the
~ process computer) and ca]culated by the ODYN code before the |
:in1tiat1on of the tests. F1gures 4 through 6 present comparisons of
. prompt neutron power as measured and caIcu]ated by the ODYN code

during the tests.

The 00YN calculated steamline pressure compares wel1 with the

PB-2 data for predicted wave travel t1me and frequency of pressure

oscillat1ons However, the ca1cu1ated pressure curves are more

spread out and the amp]itudes are sma11er than the measured steamline
. pressure. General Electric has attrwbuted thts d1fference to the

~ coarseness of the spatial mesh in the steaml1ne.mode11ng. As
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evidence of this hypothesis General E]ectric showed that the steam-
l1ne pressure calcu]ation for the KKM test, which had a finer spatial
pesh. was quite accurate. General Electric has also pointed out that
the steamline pressure response shape is not asbimpartant to the
trinsient behavior“as‘1sAthes1ntegrated'value-of the steamline

pressure response.

We do'notbagree‘entirely with General E1ectr1c. . In answer to Q-19 1n
Volume I, Genera1 Electric performed a sensitivity study showing the
" effect of nodalization (different mesh sizes) and comparing the
results with the analytical model which uses method of character-
istics. The difference in amplitudes in this comparison is on the
‘order qf 10% while the difference in amplitudes in Pesch Bottom tests
and ODYN predictions is 50%. In addition, expected differences have
opposite irénds. The accuracy claimed by General Electric in the KKM
test can be due to the adjustment of the valve opening time. This
adjustment was made by General Electric to obtain a better ;greement |
with the measured pressure data. It appears that the steamline model
dbes not predict the amplitu&es of oscillations accurately. This is
also'substaﬁtiated by the staff audit calculations. However, we
agree with General Electric that the integrated steamliﬁe pressure
response is more important in detefmining the tfansient behavisr than
thé amplitude of individﬁal’osci]]ations-occurring'at these
frequencies ‘The Peach Bottom fests indicate that the dome pressures
do not oscillate and this is the pressure to which the reactor is
subjécted. Comparison of the dome pressures‘indicate that the

dome pressure‘calculations performed by the ODYN code are conservative
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relative to data; 1.e., the overall rate of prassure rise as
wall as the magnitude of the calculated pressure were higher

than tha data indicata.

The initia) dome pressure rise for the PB-2 tests was predicted
accurataly by ODYN. The calculation overpredicts tha pressure rise
near the peak of the first pressure oscillation, thus conservatively
modeling void collapse for reactivity feedback. ODYN appears to
overpredict the peak vessal pressure rise which demonstrate§ a
conservativa basis for overpressure p}otection analyses. General
Electric states (Reference 235 that the overprediction is due to

the assumption made in the energy equation for the dome region. The
overpredfction of dome pressure is considered a cdesirable conser-
vatfsm. Within the period of time that the neul. .2 fiux pulse
occurs, thé dome pressure overprediction is approximately 16 to 28%

higher than the data.

Reviewing the steamline and dome pressure transients and based on the
sensitivity studies performed by General Electric, we require that
the steamline be modeled by at least 8 nodes with maximum size of

100 ft for a node.

The core exit pressure is one of the most important parameters for
the prediction of the pressurization transient neutron flux response.
As was the case in dome pressure comparisons, the initial rise in
core exft pressure was followed well by the @odel for all three

tests. From the comparisons of ODYN to the PB-2 test results,
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Generai Electric has concluded that the steamline dome and vessel
therma1 hydrauiic modeIs simu1ate the overa11 core pressure rise

| ratr - well in all three experiments. This lends confidence to the
code predictions through the full range of power 1e;e 3. Measure-

ments indicate some oscillations in core exit pressure._ These

oscillations have been attributed to instrument line effects by

Genera1 Electric. This is corroborated by the lack of associated

oscillations in neutron flux measurements. .

The neutron flux predictions by the ODYN code were conservative
relative to data. We estimate that the peak neutron flux is higher
by 54 to 86% than the data and the integral of the nuclear power
(which is & measure of the amount of energy generated) is also higher
by approximately 16 to 42% than the data. ‘Hence, the neutron fluxes

were predicted conservatively in all three tests.

As a final step, General Electric has presented a calculation of
ACPR/ICPR for test and model. We reviewed'the»calculationaI
proeedure and consider it appropriate. The results show that the
ACPR/ICPR for ODYN predicted transient'conditions is’within 0.01 of
the values which would be predicted from test eonditions; i.e., the
ACPR/ICPR values calculated using the measured flow from jet pump Ar
measurements, the measured pressure and the neasured-power during the
" tests. The ODYN transient-conditions predicted two out of three
ACPR/ICPR velues7conservat1ve1y' The differences are between -5.1%
and 6 8% re1ative to values calculated using the data (minus means

nonconservative). The differences in these three test results in
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terms of ACPR/ICPR give y = 1.14% which represents a very slight
conservatism for the mean and o = + 6.39% for the standard deviation.
Since the data (three points) are very limited, the results do not have

a high degree of confidence. Table II presents these values of

ACPR/ICPR.
TABLE II
COMPARISON OF MAXIMUM ACPR/ICPR VALUES FOR
PEACH BOTTOM AND XKM TESTS
_ ACPR/ICPR ACPR/ICPR
Tast Initial CPR (Data) {0DYN)
Peach Bottom
Turbine trip 1 2.536 0.170 ' 0.173
Turbine trip 2 2.115 0.136 _ 0.129
Turbine trip 3 2.048 0.132 0.141
KKM '
“Turbine trip 1.279 0.077 0.084

Review of the tast results indicate that all model conservatisms
claimed by General Electric such as conservatism in calculation of
the steam dome pressures and neutron flux, conservatism in collapsing
of 3-D core neutronics and thermal hydraulics, conserva;ism in the
gap conductance input parameters and any other conservatism claimed
in the computer model are either so small that it did not make any
difference in calculating ACPR for these three tests or all of these
claimed conservatisms are offset by an unidentified nonconservatism
somewhere else, perhaps in calculation of flow. It is evident that

the calculations of ACPR are not conservative for all of the tests.

I1-52



They can oniy bebregarded as‘best'estimate‘or:accurate predictions.
Hence, based on the Peach ‘Bottom tests.ue do not give any credit for
the conservatism in the models used in the ODYN code. The code will
be regarded as best estimate for ACPR caiculations and any discrepancy
between the test resuits and the code will be treated as an
uncertainty or an error. Further tests would be needed to reduce

these uncertainties.

~KKM Test Comparison

.A brief summary of the test conditions is contained in Volume 1I.
‘KKM plant has an unusual configuration, in that ‘it has two turbines
and two sets of steamlines ‘with a reheater line in each steamiine.

It presents some specia1 mode1 considerations for ODYN simulation. A'V
' specia1 version of ODYN was deve1oped to simuiate this configuration.
A]so unique to this test comparison as opposed to the PB-2 comparison
is the mode]ing of turbine stop valve and bypass valve actuations.
Measured turbine stop valve and bypass ‘valve positions between
initial and end of actuation were not available for this transient.
The stop valve behavior can be reasonably estimated from the opening-
to c]osing time. However, the transient response is quite sensitive
to the bypass va]ve behavior The’bypass valve ocpening speed of the
| ODYN model ‘was adjusted until the calculated transient turbine inlet
| pressure agreed with measurement This adjustment was made for only
‘the initial bypass vaive opening speed and thereafter bypass valve

position was controlied based on the plant control parameters ~ The

-ic

reMainder of the test modeling {s similar to that of the PB-2 test
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comparison. The fuel rod gap heat transfer coefficient was selected

to be 600 Btu/hr-ft2-°F,

The turbine trip test conducted at KKM provided a reactor and
operating state that was quite different from PB-2. The test at KKM
corresponded to an end-of-cycle condition with all control rods fully
withdrawn and with the reactor at 77 percent of full rated power and
86.5 percent of full rated core flow. The reactor itself is
considerab]y.sma11er in size than PB-2 and hés'a somewhat different
system including two turbo-generating units. The turbine trip test
at KKM resulted in a milder tfansient than the tests at PB-2. The
ODYN results compared to the test data showed the same general
agreement as was observed for PB-2 for the response of.the core power
as a function of time. The calculated steamline pre§sure response
fot the KKM turbine trip appears to be in good agréement with
measurement. The §KM comparisons appear to be in slightly better
agreement with meafurement than do the PB-2 comparisons. As
previously discuss'd, the characteristics of the bypass valve were
adjusted to give aTgood agreement with the measured steamline

pressure.

The measurements of dome pressure showed some oscillations. Since
these osci]lations did not manifest themselves in the neutron flux
measurements, they were attributed to instrument line disturbances
and were not considered to be actual pressure oscillations. There
werg also oscil];tions in cora exit prassure measufements. Similar

oscillations were not observed in the PB-2 tests. These oscillations
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were also attributed to the 1nstrument 11ne disturbances since no

oscillations were observed in neutron flex. -

The ca!cu1ated pressure responses pass through the data up to

1.8 seconds of the transient time. After 1.8 seconds the calcuIated
pressure are higher than those measured. The ca1cu1ated core exit
pressure had a 40 mi111second delay behind the data. This was
attributed to the modeling of steam separator 1nert1a. We agree

with General Electric that the overall shape of the core exit
pressure response is dup1icated well by the ODYN code.. The agreement

between the calculated and measured pressures in the dome and the

steamline is also reasonably good. There is no conservatism in

calculation of pressures up to 1.8 second of transient time.

The.measurement of neutron flux jndicates a double peak behavior,

This double oeak was attributed to an oscillation in core pressure
which was thought to be enhanced by KKM bypass characteristics. The
ODYN code overpredicted the initial neutron flux peak by approximately
53% and underpredicted the second peak. We estimated that the
inteoral of the calculated nuc]ear.power wasvhigher by approximate1y
20% than the data. figures 7 end 8 present the conparisons of.~
measured and ca1cu1ated'ax131 neutron and prompt neutron fluxes

respectively. ' ' o
The calculated value of ACPR/ICPR was about 9.1% conservative
relative to the value calculated using measured quantfties (see

Table 1I).
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A]thbugh there is con;ervatism of 9.1% in ACPR/ICPR, the difference
in absolute values is small; i.e., 0.007 in terms of ACPR/ICPR.

Since the value of ICPR was 1.279, the value of ACPR is approximately
0.01. According to General Electric the maximum pfﬁctical accuracy
in ACPR is 0.01 (Volume II1). In addition, KKM traqsient is a
relativaly miid trans{ent. Hence, we do not give any credit for

conservatism in ACPR/ICPR prediction.

Qualification Using Another Computer Code - Audit Calculations

Another important means of qualifying a code is to compare the results of
calculations with the results obtained from another code. The two codes
should be as independent as possible including the neutronic input
parameters. The BNL-TWIGL (Reference 24) and RELAP-38 (Referenca 25)
codes are fully capable of analyzing these BWR turbine trip tests and
satisfy the requirement of independence. The nuclear data base for

deriving the input for the BNL-TWIGL/RELAP-3B codes also satisifies the

requirement of independence.

a. Development of Calculational Method

A calculational method for the analysis of.the turbine trip transients
was develcped at BNL using the RELAP3B and BNL-TWIGL computer codes.
This method was developed under two NRC Technical Assistance Programs
supplementing each other, and uses the codes in an iterative manner.
The details of the method are presented in Reference 26. The RELAP3B
code is used to perform the system transient analysis for the audit
calculations. The BNL-TWIGL code is used to calculate the reactivity
feedbacks and core power transient. The BNL-TNfGL code parforms a

-
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Space-time analysis of core neutronics and thermal hydraulics with

. feedback in two.dimensions (refefehég_zl)..

The BNL-TWIGL code has a number‘of advantages overvihe ODYN code.

The calculation can be pérfprmed,with two neutron energy groups in '
two-dimensionai (r,z) cylihdfiégl_géometry;f,lt_has tﬁ;_ﬁapabf1ity of
a11owing:for five radiai,scram zones. Any_impéftant radial effects
will, therefore, be calculated byABNL-TWIGL;F_Thé BNL-TWIGL code also
has . two disadVantages relative to the ODYN cdde...These_disadv;ntages
are:.(l) the lack of a bypass flow channel;, and (2) the independence
of the Doppler reactivity with void fraction. wéighing these |
advantages and disadvantages»of_BNL;TWIGL relative to the ODYN ﬁode.’
it is our judgment that they will not a&versely affect the comparison

of the two codes for the turbine trip transfent discussed herein.

" The calculational method was developed using the Peach Bottom tests
as a bench mark. Assuming the‘measured power history (power vs.
time) in the core as input, RELAPSB calculates ihe system thermal-
hydraulic parameters and provides the BNL-TWIGL code with the time
dependent core inlet boundary conditions, f.e., pressurg..f1ow.and‘

- temperature variations with time.. Then,lﬁhe BNL-TWIGL code performs
: the space-tfme analysis of the core néutronics and thermal-hydraulics.
. The calcu1ated<power history fs then comp#red wiih,the measured power
“which was input to the RELAP3B code. If.the differences are large
the calculated power history fs used in the RELAP3B. code and the
calcﬁ]ations are repeated until the power history calculated by the

BNL-TWIGL code is in good agreement with the powgr,history input to
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the RELAP3B code. This method was used for both tha Peach Bottom
tests and the licensing audit calculations (turbine trip without

bypass transient).

Paach Bottom Tests and Audit Calculations

The RELAP3B/S8NL-TWIGL calculational method described above was
employed by BNL to analyze the Peach 3ottom transient tests. The
calculated power history agreed well with the measured power history.
There is also good agreement between the other calculated and
measured parameters. The core physics results that were obtained by
BNL are presented in Reference 26. Rafarence 26, also discysses the
geometric modeling, the neutron cross sections, and the initfal-
ization of the transfents. These calculations confirmed the adequacy
of the BNL-TWIGL/RELAP-3B modeling for computing BWR turbine trip
transients. Figures 9 through 14 show samples of these agreements.
“Revised BNL" curves in Figures 12 through 14 refer to a mors detailed

8NL model which will be explained subsequantly.

Calculations performed with the ODYN code also agraed very well with
the experimental results although the neut}on flux predictions were
slightly conservative. We believe that this can be attributed to the
slightly higher ODYN pressure predictions during the transient. The
power histery ca1culated-by BNL provides better agreement with the
experiméntal aata on a best estimate basis than the ODYN code

predictions.
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At a meeting on Ju]y 14 '1978 attended by GE and our consultants from
BNL a turbine trip without bypass transient (TTVOB) was defined for
calculation by GE with the ODYN code and by BNL with the BNL-TWIGL/

- RELAP-3B codes. This TTWDBctransient was for. PB-2 ‘at end-of-cycle 2

A witn the‘feactorlnt an all rods out condition and with a Haling core
- nowér distribution. The reactor triplwac assumed to occur from the
‘primary ‘trip cignal for this.transient,ri}e.; the position of the
turbine‘stob_or control valve. ~All of'thé syctem input parameters
were discussed and values were ncsigned. The reactor was assumed to
be onenating at a 104.5 percént of full rated poﬁer and.at 100 pércent

of rated'coreﬂfiow.

The fnitfal calculations by GE and'BNL'differcd consicerably. The
total cone‘nowen as a function of tine calculated by’BNL was about 60
percent greater in energy output although the initial rise and
falIoft.of the power was about the same. "The BNL calculation
predicted a peak power of over 7 times the §nitial core power at
about 0.9 seconds. The GE calculation fQSUItgd,in a‘peak power of

about 4 times the initial core power at about 1.0 second.

A GE evaluation of its calculation resulted in finding twor

' _signkficant errors that led to a new GE ca]cu!ation.' One of the
errors was tthsteam1ine-1ength. It had originclIy been input as
460 feet whereas tne‘value ;houid have been 400 fcet.' GE also found
that cne of its processing codes had 1mproper1y accounted for the
Doppler reactivity feedback variation with void fract{on. This new

GE calculation resulted in a more severe transient than the earlier
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calculation. The new GE prediction of peak power was about 5.3 times

the inftfal core power at about 0.9 seconds. This GE calculation had

an earlier rise and an earlier fall-off of the total core power than

the BNL calculation. The BNL calculation still predicted a greater

energy output for the transient by about 20-25 percent. A comparison

of the reactivity components showed that the void, scram, Doppler,

and net reactivities as a function of time differed‘significantly

between the BNL and new GE ca]culatioh. As an example, the BNL

calculation resulted in a prompt critical calculation with a maximum

net reactivity of over one dollar. The GE calculation resulted in a

maximum net reactivity somewhat less than 0.8 dollars.

Since it was our expection that the BNL and GE calculations would be

in better agreement, a meeting with General Electric at BNL was held to

resolva differences between the calculations. This meeting was held

from September 27 through September 29, 1978 with GE, BNL, and NRC in

attendance, Referance 27. The main differences noted between the two

calculations are 1isted below.

Relief valves

(a) Set Points

(b) Delay time

(c) Bank capacities

(d) Time constant for full flow

Turbine inlet pressure
Steam separator modealing

(a) Separator L/A
(b) Separator mass

I1I-68

REMARK

GE values too large
BNL did not include
BNL did not use GE values
BNL did not include

GE value too large

BNL value low
BNL water inventory too low



hall

o

 ITEM (Cont.)  © . REMARK (Cont.)

Doppler reactivity feedback ... BNL does not include variation
o , with void fraction
.Bypass heating effects C '» " BNL does not fnclude

Fuel gap conductance ST BNL used variable value ( 400-500)

whereas GE used a constant value
of 1000 ‘

T

: In'éddition.'some of the BNL neutronic data were also compared to

corresponding GE data. The bég{nning-gf‘cycle infinite multipli-
cation factor (K ) was,comﬁared.for a_numberiof,fuel_typés both with

and without a control blade and as & function of void fraction. Only

-small differences were noted between the various sets of data. The

‘{nitial axial K, distribution was also compared and_ag;in'on1y small

differences were noted. It was also noted th;t,the BNL coh;r61 worth
was about 15 percent larger than that of GE. These neutron cross
section and K, data as a function of fuel exposure and yoid fraction
were later provided to the staff by GE for_tﬁe,two dominant fuel

types in the PB-2 core (References 28 and 29).

Void reactivity coefficients extracted frph_the BNL and GE TTWOB
calculations. indicate that the BNL'va1ue at the start of the -

transient is larger in magnitude by about 14 percent than the GE

. value. This larger BNL void coefficient is consistent with the

‘lattice physics'data that is used. However, the neutren effective

void correlation used by General Electric compensites for a large

part of this difference (Reference 34).

A reanalysis of the turbine trip without bypass.transient_was
performed by BNL. Both analyses were presented in Reference 33.
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Soma sensitivity studies were also performed. Scme of the differences
noted in the meeting did not change the BNL results substantially.
However the differenceAfn the separator inventories and the required
renodalization around the separators to accommodaté'proper inven-
tories inside and outsidé of ;he separators and inclusion of a
separate flow path between the steam dome and outside of the
separators (bulkwater), reduced the neutron power and the total
energy output in the licensing basis transient (TTWOB). . The total
energy output, the integral of the neutron power, predicted by BNL
during the transient was less than that in the sacond calculation
performed by General Electric. However, the General Electric
calculation still indicated an earlier rise and an earlier fall-off
of the total core power than the BNL calculation. Figure 15 presents

these two BNL calculations as well as the General Electric calculation.

The primary reason for the change in the energy outputs as well as
disagreement in the shape of the neutron power transient was the new
inlet cora flow calculation by the BNL. The core inlet flow in the
second BNL calculation was in closer agreement with the second GE
calculation in that it exhibited similar ogcillatory beﬂavior.
However, there were still some differences in amplitudes. It should
be noted that the differences in flow variation during the transient
between the two BNL calculations were within 15% of each other.
Judging from the BNL studies, Reference 33, we conclude that the
modeling of separators is significant in predicting the core inlet
f1ow; We also note that the BNL modeling of the separitors is still

deficient in that the inertia term, L/A, does not depend on the
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quality at the entranée of the separators. The ODYN code contains
the mdde1ing of the L/A term which derived its basis from experimental
data obtained from sepafators. Hence, we judge that the ODYN modeal
shou1& predict the core inlet flow more accurately lhan doas the BNL
model, and that the neutron power transient should also be more

accurately predicted by the ODYN code.

Reference 33 indicates that previous and revised BNL models predict
almost similar core inlet flow variations at the beginning of the
Peach Bottom turbine trip tests. However, there are large differences
between predictions after 0.8 sec. Since the power peaks occur

before 0.8 sac in tha Peach Bottom tests, these large differences in
inlet flow predictions do not alter the predictions of neutron powers
as illustrated in Figures 12 through 14. However, as shown in the
analysis of licensing basis transient, the separator inertia term and
its modeling is important in predicting the transient behavior (or

amplitude of oscillations) of the core inlet flow.

Reference 33 also indicated that the heat flux predictions in the

second BNL calculation wera lower for the portion of the transient
where highest ACPRs were expactad to occur than those calculated by
General Electric. This was expected since the integral of neutron

flux in the second BNL calculation was smaller than that calculated by
General Electric. BNL did not perform ACPR calculations. However,

the predictions of heat flux would suggest, and we would expect that

the second BNL calculations would produce less ACPR than that calculated

by General Electric.
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BNL did not report heét‘f1uxes in ;hgir first caléulations. However,
the fntegral of the neutron f1ux‘wasfa1most thg same asrthat
calculated by Genefal E1ecfr1c. Hence, we expect sim§1ar severity
for ACPR values if ACPR ca1cﬁ1ations were made using the first

. calculations performed by BNL.

“: A third analysisfof.the,TTN68 t;ahsignt was»pérformed Sy BNL using GE

-ca1¢u1ated values of the»core.exit pressure and core inlet flow. The

. BNL-TWIGL ca}chlétion now.predicﬁed a transient.with similar initial

~ power rise and:fall-off characteristics as'the GE ODYN calculation
although the»peak power was higher in ;he BNLlca1cy1ation. A
sensitivity calculation with a 5 percent change in the void reac-
tivity fegdﬁack rgsu];éd in a BNL-TNIGLVpoyer transigpt that compared
very well witﬁ the correspondfng GE rgsu1ts. The change of 5X in
void reactivity or the coefficient is yefI‘withinAthe chculated
uncertainty of 11X as presented in Sg#fion II.A;G.VN | |

.-

These audit calculations established the fact that core intet flow is

a very sensitive‘parametgr. The core inlet flow meaSuremgnts (f.e.,

'the Jet pump Ap measurements) in the Peach_Bottom tgsts contained

some errors. In Section II.B.;.a, where qu;lffication of the ODYN

- code .using Peach_Boﬁtom_tgsts was eyaluated, many.cbmpariéons between
~ various parameters (such as preséure and neutron qux) were made and

these parameters were always found to be consérvative relative to

~ data. However, despite these ;onservative_featgrés,;the calculated

values of ACPR cannot be considered'as‘conservative. This was also

pointed out in Section II.B.3.a. Based on the {nfbrmation submitted,
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it is our judgment that there is some nonconservatism in core inlet

flow calculation in the ODYN code overcoming all other conservatisms.

We conclude thét, although a precise audit of the GE ODYN code was
not obtained by the BNL-TNIGL/RELAP-38 codes for this licensing basis
TTWOB transient, the analyses performed by BNL provided us with
bvaluable insights concerning this transient. %We conclude that the
priméry reason for the disagreement of the BNL-TWIGL/RELAP-38 TTWOB
results with the-GE results is due to core inlet flow differences.
Judging from the audit calculations as well as Peach Bottem test

| results, we also conclude that differences in predictions on the
order of 20X in prediction of peak neutron flux can be expected using

different computer codas which represent the state of the art.

Summary of Code Qualification

In summary, we find that the ODYN is a best estimate code containing
models developed from first principles and provides good predictions of
existing experimental data. The experimental data were obtained from
separéte effects and integral plant tests. The separate effects tests
jnclude core power measurements from various plants and heated tube tesis
to verify the void fraction model. Integral plant tests weré performed at
Peach Bottom Unit 2 and KKM. Comparison of the test data and calculations
indicates that the agreement is within the uncertainties calculated in
Section A. We find that the ACPR predictions from the ODYN and SCAT codes
are neither conservétive nor nonconservative. They predict the available

data well.
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. The ODYN-SCAT prediction of the three Peach Bottom transient tests and one

_ KKM transient test demonstrated a Zo uncertainty of approximateiy 37% of
ACPR/ICPR at a 95% confidence ievel We have determined this using 2 |
distribution. No credit was given for measurement errors. This results
in a 20 ACPR/ICPR uncertainty of 0.068 for a transient which degrades the
CPR from an init1a1 va1ue of 1. 30 to the ]imit of 1.06. Since these tests
‘represent a very 1imited data base it is iikeiy that the Za uncertainty |
can be reduced significantiy by the acquisition of additionai test data
for comparison to code predictions Hence, we recommend that additional
integrai plant tests be performed to qualify the code with a higher

confidence.

EVALUATION OF THE MARGIN

The ODYN statistical ana]ysis was performed by General Electric at our request
in order to provide a quantitive basis for determining {f the ODYN licen51ng ‘
basis contains an acceptabie 1eve1 of conservatism Two quantities were
calculated in this ana1ysis. the probabiiity of the expected ACPR exceeding
the licensing basis ACPR; and the probability of exceeding the.thermai-
hydraulic design basis (i.e., probability of exceeding 0.1% of fuel in Boiling
Transition).. - | - o SR

The ODYN Code is intended to be used to caicuiate the change in Critical Power
Ratio (CPR) during rapid pressurization transients such as the loss of ioad and
feedwater controi]er faiiure transients This information is used in com-
bination with ‘the Generai Eiectric Therma] Ana1y51s Basis (GETAB) CPR safety
limit to establish the operating limit CPR. GETAB is & statistical anaiysis
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which determines the value of CPR which corresponds to 0.1% of the fuel rods in
Boiling Transition. The GETAB analysis considers the effects of uncertaint es
on input parameters such as power; coolant temperature and flow as well as

uncertainties in the GEXL correlation.

Uncertainties in the ODYN Code need to be considered sfnce these will affect
the probability of exceeding the thermal-hydraulic desién basis. One method of
accounting for the effects of ODYN code uncertainties is to include uncer-
tafnties directly into the GETAB statistical analysis. A second method is to
assﬁre that the ODYN 1iceﬁsing calculation gives a sufficiently conservative
value of ACPR to assure that the thermal-hydraulic design basis is not exceeded.
GE has chosen to use the second method in demonstrating the acceptability of

the ODYN licensing basis.

We have determined that this approach is acceptable in principle. In addition,
we have determined that an acceptable level of conserﬁatism for the ODYN
licensing basis corresponds to a 5% probability of exceeding the thermal-

hydraulic design basis.

General Electric has provided statistical analyses of the loss of load (Turbine
Trip) and feedwater controller failure transients. These analyses use Monte
Carlo calculations to predict ACPR with a second order response surface which
simulates ODYN calculations. The input parameters in the response surface are:
inftial power; control rod drive (CRD) speed; exposure index (a measure of
axial power shape effects): ODYN code uncertainty; and response surface fitting

uncertainties.
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The - response surface was'generated through a regression analysis of ACPR
ca]cu]ations performed using input from the ODYN Code. The ‘accuracy of the
response surface was tested by General E]ectr1c by comparing the results of
0DYN calculations to the results of response surface ce]culetions. The
accuracy checks were done for 15 load rejection trensients for a BWR/3 EOC-Ge
and for 15 load rejection transients for a BWR/4_EOC-41 ‘These comparjsons
showed good agreement between the two methods In addition; a regressional
fitting error was deve1oped from these compar1sons and this fitting error was
added to the response,surface. This error was fdund_to have a2 range of one
standard deviation values of 0.0076 ACPR/ICPR to 0,0126 ACPR/ICPRvdepending on
the plant type, the time in cycle, and the transient of interest. ‘This range
of errors is three to four times smaller than General Electric'seestimate of
.the ODYN code uncertainty (0.031 ACPR/ICPR) or our:estimate of (0.044 ACPR/ICPR) -
see Table I. This indicates that the response surface is a:faithfu1 repro-
duction of the ODYN calculational results and that the response surfece can be
used to -establish the effect of 0DYN code uncertainties on the probebiTity of
exceeding the thermal-hydraulic design basis.

The distribution functions of each of the 1nput variables (init1a1 power, CRD
speed, exposure fndex, and code uncertainty) were reviewed The uncertainties
of the ODYN code are discussed extensively in the code review section of th1s
report and will not be repeated here. .The uncertainty on 1n1t1a1_power level
used by GE was + Z{. We requested additional information to substantiate this
value and were. given extensive information on the various elements in the plant
energy balance and the uncertainties associated with each of these elements.
The elements of the energy balance were checked against the ASME standard for

determining energy output from a nuclear plant, "ASME Performance Test Codes,
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Test Code for Nuclear Steam Supply Systems (PTC 32.1-1969)." In addition, the
uncertainty values for each element were reviewed and found to be reasonable.
We have concluded that the 2% uncertainty (at one standard deviation) is an

acceptable value for power measurement uncertainty.

In support of the assumed distribution of CRD speeds, General Electric has
provided the results of tests from 13 operating BWRs. The total data base
includes 3,985 individual CRD scrams. The information was presented in
coﬁsiderab]e detail, including the mean values and standard deviations of the
times to 5%, 20%, 50% and 90% insertion for various plant types and for full
core and partial core scram tests. An extensive and convincing statistical
analysis of the data was also presented. Each data set was tested to determine
if it could be tested as part of a larger data set; and only those data set
which were found to be statistically alike, at a2 high confidence level, were
treated together. Statisticaj tests were performed by General Electric to
determine the significance of: variations among 8WR designs; variations
between full core tests and partial core tests; variations among operating
plants; variations among scram tests; and variations among individual drives
within scram tests. We conclude that these CRD scram tests are indicative of
past bperating experience and that the mean values and standard deviations of
CRD speed can be chosen for the statistical analysis of the OOYN code. However,
we cannot concluda that these CRD scram tests will be indicative of future
reactor scram speed performance. In addition, it is also necessary to
demonstrate that the scram characteristics of an individual reactor to be
licensed can be represented by the distribution used in the analysis. The
scram characteristics of an individual reactor should belong to the same

population. General Electric should provide an assurance or appropriate
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modifications to Technical Specifications to demonstrate that the scram
characteristics indeed belong to the same population or can be represented by
the same distribution. General Eiectric shouid ‘also assess the impact of the

use of best estimate distributions on providing this assurance.

The transient response to rapid overpressure events is dependent on the coreb
average axia] power distribution and axiai exposure distribution since these
strongly inf]uence both.the void ar4 control rod reactivity feedback. ~General
Eiectric’has defined‘Exposure'lndex'as a measurewof_the axial exposure distri-
butien. Exposure Index indicates the extent to which an actual axfal exposure
distribution differs from‘the ideal,.design axial expoSure distribution‘(Haling
distribution). ODYN 1icensing'caiculations-Use the Haling distribution'as |
input. General Electric proposed to show the conservatism associated with this
assumption by estabiishing that the axial exposure distributions actually
encountered during operation are more favorable than the Haling distribution.
This conservatism was quantified as part of the overaii ODYN statistical '
analysis by including Exposure Index as one of the,input variables in the

response surface.

To estabiish a basis for the expected distribution of Exposure Indices, General
Electric presented data from'li operating'reactors_at end of cycle conditions
and 15 data points for S operating reactors'at mid-cycie*conditions. In -
response to a request for additional data on observed Exposure Index, General
'Eiectric provided 8 additionai data points. -Because of the 1imited number of
data points and the large scatter in ‘the data we were led to question the
assumption that the data was normally distributed. The indiv1dua1 data points

obtained from General Electric were subjected to the w-test for normality by
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the NRC, Applied Statistids Branch. This test indicated that there was not a
sufficient reason to reject the assumption that the data were ﬁqrmally
distributed. Based on this information, the inclusion of Exposure'Indéx in ihe
statistical analysis as a normally distributed variable is acceptable. As fn
the case with the use of measured CRD speeds, the implications of using best .
estimate values of Exposure Index based on past operating experience and the
associated need for assurance and modificatiorrs to Technical Specifications to
demonstrate continued acceptable performance were not aﬂdressed. Since we'
cannot determine approp}iate modifications necessary fof demqnstration of the
conservatism due to inability to operate at Haling power shape for each reactor
to be licensed, we find that the use of ihe variation of perr shape from that

of a Haling shape in the statistical analysis is not appropriate.

General Electric has performed the statistical analysis using several different
sets of assumptions relative to the response surface input parameters. The
probability of exceeding the ODYN licensing basis ACPR was calculated for each
case. This corresponds to the probability of exceeding the GETAB CPR safety
limit. The probability of exceeding the criteria of 0.1% of fuel rods in
Boiling Transition was also calculated for some of these cases. Since General
Electric has proposed that the safety 1imit for BWRs be based on the GETAB CPR
safety limit, it is appropriate to use the probability of exceeding this value
as the basis for accepting the proposed licensing method. As stated previously,
we have determined that a 5% probability of exceeding the GETAB CPR limit is
acceptable. Unless the safety limit for BWRs is redefined by General Electric
and reevaluated by the staff, the use of the probability of exceeding 0.1% of
fuel in boiling transition is not an appropriate basis for judging the

acceptability of the ODYN licensing basis.
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" In conclusion, we recommend that General'E1ectr1c’reperfdrm the statistical

analysis to demonstrate the appropriateness of the margfn to the GETAB limit.

This statistical analysis should not take credit for conservatism in the Haling

- power distribution. It may take credit for distribution in éﬁram speeds if

General Electric demonstrates that.the distribution used in the analysis is
appli&able to the plant speéific case. The analysis should also be performed
using the code'uncertaiﬁties as revised by the staff.(t-O.OSB'ACPR/ICPR)'whichV
was based on the plant test data. General Electric may wish to convelute
additional variables in the statistical ahalysis if‘aésurance for conservatism

for each specific applicatidn is provided.
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111 STAFF POSITION

" We stated our position on the OOYN code and its application in Reference 35. The
~ following is a statment of that position. |

1. ACPR Calculations

The analysis for ACPR must be performed in accordance with either approach A or

approach B.

A.  ACPR Calculations with Margin Penalty

This approach .is comprised of the three step calculation which follows:

1. Perform ACPR calculations using the ODYN and the 1mprove. SCAT
(Reference 36) codes for the transients in Tab1e II1 and using the
fnput parameters fn the manner proposed in pages_3-1 through 3-4 of

NEDE-24154-P. The sensitive input parameters are listed in Table IV.

2. Determine ICPR (operating inftial cr1tica1 power ratio) by adding
ACPR calculated in step 1 above to the GETAB safety limit. Calculate
ACPR/ICPR.

3. Determine the new vaiue of I1CPR by adding 0. 044 to the value of

ACPR/ICPR calculated in step 2 ‘above. Apply this marg1n to Chapter 15

ana]ys1s of the FSARs submitted for OLs, and CPs and to reloads.
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The margin of 0.044 is obtained from considaration of uncertainties

in components listed in T.dle I.
A sample calculation is p.esented below:

Step 1
Assume that ACPR calculations using the ODYN licensing basis have been
performed and the.result is

ACPR, = 14

where the subscript c refers to calculations.

Step 2

Calculata ICPR based on the calculations.
ICPRc =1,06 + .14 =1.20
whera the GETAB limit is 1.06.

ACPRC .14
TeRP, " T20 ” -117

Step 3
ACPR
TEFEEE! 3,117 + 0.044 = .161
new
ACPR .
ICPR
= nAw . 161
aCPR = ACPR, ACPR, = +535F .14 = .192
CPR_

ICPR o 2 1.06 + .13 =2 1,25
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"Statistical Approach‘for Reduction of Margin Penalty

General Electric assessed the‘probabi1ity of the ACPR during a limiting
transient exceeding the ACPR calculated for the proposed 1icensing basis

transient (NEDE-25154-P response to question 4). The General Electric study

. demonstrated that this probabi]ity,'based on cperating data over several

fuel cyc]es»from a group of p1ants; i$ very Iow,_ Thg_key parameters_in

the study aré'scram“Qpeed,_pchr level, power.qistribgtidn; and an»esiimate
of ODYN udcertaintieﬁ. The proposed approach utilizgs the conservatism
inherent in the statistical deviation of the actua} operating conditions
from the limiting conditions assumed for the first ;hrge parameters in

licensing basis calculations to compensate for potential non-conservatisms

~ from the ODYN uncertainties.

The staff. has concluded that the use ofﬁgnd-of-cyc]e power distributions

from multi-cycles for several reactors to obtain credit for margin

conservatisms relative to Haling power_distribution is not appropriate.

There is no assurance that the end-of-cycle power distribution conservatisms

obtained from operating reactor history are representative,qf,the end-of-

~ cycle conditions which will exist for the $pecif1c‘corg. ‘We have also

concluded that scram speed data’used‘jn the GE statistical assessmgnt‘must
be proved applicable to specific 1icense and reload appIiéations.> In

order to take credit for conservatism in the scram speed performance for

“reloads, it must be demonstrated that there is insufficient reason to

reject the plant-specific scram speed as being within the distribution

assumed in the statistical analysis. For CP and OL, the;scfam speed
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" - distribu’ion for the specific plant must be demonstrated consistent with
those used in the statistical approach. Similar design and prototypic
performance characteristics coupled with appropriate technical specifications

on scram sﬁeed performance could provide acceptable evidence of the

applicabi]ity’of the data base.

Statistical convolution of tha power measurement uncertainties to take
credit for full power operation at a power level value below that used in
licensing calculations is acceptable to the staff. However, plént specific

procedures to operate within the licensing 1imit must be taken into account

in these calculations.

The code uncertainty penaity (0.044 in ACPR/ICPR) applied to the licensing
calculations described in (A) does not account for unknown contributors.
Past experience has shown that additional margin in safety calculations is
often needed to compensate for unknown non-conservatisms in licensing
calculations due to code errors or other factors. The ODYN prediction of
three Paach Bottom transient tests and one KKil transient test demonstrated
a 20 uncertainty of approximately 37% of ACPR/ICPR at a 95% confidence .
level. This was determined using x2 distribution. No credit was given
for measurement errors. This results in a 20 ACPR/ICPR uhcertainty of
0.068 for a transient which degrades the CPR from an initial value of 1.30
to the 1imit of 1.06. Since these tests represent a very limited data
base, it is 1iké1y that the 20 uncertainty can be reduced significantly by
the acquisition of additional test data for comparison to code predic-
tions. fherefore, the magnitude of the code uncertainty used in the

statistica” convolution may be reduced to a value consistent with the 20
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" value of ACPR/ICPR uncertainty at a 95% confidence level when such &

reductfon can be justified by additfonal transient test data.

In summary, the staff has concluded that the statistical approach to
compensate for potentia]-non-conversatisms}from theIODYN uncertainties is

acceptable with the following limitations. .

1. Power distribution conservatisms should bg_exc]uded._:
2. Scram speed conservatisms must be demonstrated toAbe>app11cable to

plant specific cases.

3. , Calculations should be performed using & code uncertainty value which
fs 37% of the ACPR/ICPR for a limiting transient to account for code
uncértainties; fncluding unknown,contributprs_(e,g.,_code errors),
based on the approved transient test data base. vTHis results in a
value of % 0.068 in ACPR/ICPR uncertainty for a transient extending

over a CPR range of 1.30 to-1.06.

4. The transient test data base must be expanded and submitted for staff
review to justify any reduction in the value qf'OQYN.Code uncertainty
(20 value of ACPR/ICPR ut a 95% confidence level).

5. A new statistical analysis conforming with these_Iimitations‘must be

provided.
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An acceptéble licensing basis using the Option B statistical apprdach is a
95/95 ACPR/ICPR for the limiting event., This can be established in one of
two ways: . .

a. Option B can be'applied on a plant-specific basis - i.e., statistical
analyses performed on a particular plant to determine its 95/95
ACRR/ICPR. The statistical analysis procedures to be used are those
defined in the ODYN Licensing Topical Report (LTR), Volume 3, except
for the modifications required by the NRC in Reference 35.

b. Option B can be applied on a generic basis.‘ This involves the establish-
ment of generic ACPR/ICPR adjustment factors for groupings of similar-type
plants (the groupings used in the ODYN LTR are considered to be an
acceptable matrix) which can then be appiied to the plant-specific
ACPR/ICPR calculations from the ODYN LTR deterministic approach to
derive the estimated 95/95 values. Each plant group and transient
type correction factor is based on an analysis of a typical plant in
that group (e.g., BWR 2/3, 4/5, and 6), in which the differences
between the 95/95 ACPR/ICPR calculated per tha ODYN LTR deterministic
approach {s determined for a specific transient (e.g., load rejection
without bypass). The difference, which may be positive or negative,
is designated the plant group adjustment factor for that transient.
The generic ACPR/ICPR adjustment factors established for the various

plant groupings must be submitted to the NRC for review.
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II. PRESSURE CALCULATIONS

Calculations should be performed for the Main Steaﬁ Isolation Value closure
event with position switch scram f;i1dre using the values listed in Table I* as
per staff evaluation to arrive at the overall code un;ertafnty in pressure
calculation. Add this uncertainty to the dDYN calculated pressure for this
event in OL, cP and rg\@ad applications. If General Electric can demon#trate
that this uncertainty~is.véry sma11 (e.g., by a fa;tor of 10 of more) relative
to" the bias in determining ASME Vessel Overpressure‘Iimit, no addition of

uncertainty to the calculations of pressure is needed.

We note that there is an error in Enclosure 2 of Reference 35. The bounding values
of the drift flux parameters should have been in conformance with Table 1 as per
staff evaluation.
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TABLE III ‘
TRANSIENTS T0O Bé ANALYZED USING THE ODYN CODE

For Thermal Limit Evaluation

Thermally Limiting
or Near Limiting

Event (Typically)
1. Feedwater Controller Failure - X

Maximum Demand
2. Pressure Regulator Failure - Closed
3. Gengrator Load Rejection X
4. Turbine Trip X

5. Main Steamline Isolation Valve
Closures

6. Loss of Condenser Vacuum

7. Loss of Auxiliary Power - X
A1l Grid: Connections

For ASME Vessel Overpressure Protection Pressure Limiting

1. MSIV Closure with Position Switch
Scram Failure (i.e., MSIV Flux Scram) X
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TABLE 1V
INPUT PARAMETERS SENSITIVE FOR THE ANALYSES

CRD scram speed - at tehcnical specification limit.
Scram setpoints - at technical specification limits.

Protection system logic delays = at equipment specification limits.

s oW N

Relief valve capacities-- minimum specified.

5. Relief valve setpoints and response - all valves at specified upper limits of
setpoints and slowest specified response. '

6. Pressure drop from vessel to relief valves = maximum va]ue

7. Steamline and vessel geometry - plant-unique values |

8. Initial power and steam flow - maximum pTant capability{

9. Initial pressure and core flow - design values at maximum plant capability.
10. Core exposure/power distribution - consistent w1th HaTing mode of operation.

11. Feedwater conditions - maximum temperature (max1mum core average void content).
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III. Other Limitations

1. Listing of impor;ani input variables such as listed in Table IV and initial
plant parameters including but not limited to control system characteristics
as depicted in Figures 4-13 through 4-16 of NEDO-24154, Vol. 1, but with
numerical values provided should be provided with each submittal. The
ipitia] control system characteristics, including the model used in the
selection of initial settings, shall be defined and substantiated in terms
of the design bas%s for each control system of thé plant. We understand
that neutronic parameters which were originally obtained from the GE 3-D
Core Simulator and collapsed to prdvide input to the ODYN code, are best
estimate. If there is a significant change in this calculational method
altering the input parameters, Gener:1 Electric shou1d.submit the new
procedure to NRC for its evaluation. The code uncertaintj value of
+ 0.068 ACPR/ICPR based on the Peach Bottom and KKM test data includes
uﬁcertaihties in this célcu1ationa1 method since this method was used in
comparison of test data with code predictions. Hence, any significant

change in this procedure will change the code uncertainty.

2. A minimum of eight nodes should be used to represent the steam line.

However, the maximum length of any node should not be more than 100 ft.

3. The code cannot predict accurately core inlet flow oscillations with
frequencies above 5 Hz. Although we do not expect any inlet flow oscilla-
tion above frequency of 5 Hz for thg transients listed in Table III,
General Electric should verify that the harmonic components above 5 Hz are
indeed very small if very rapid variations of flow in these transients are

predicted.
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~The transients listed in Table IIT are shdrt'iérm licensing transients.
If the code is intended to be used for long term transients or different
types of overpfessurization transients such as ATWS, appropriate

modifications should be made. L .
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